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Abstract
Minimally-invasive liver resection (MILR) is a promising approach and has become a standard therapy option for a 
variety of indications, including liver tumors, in adults. Although minimally-invasive techniques are common practices 
in children, the usage and literature regarding MILR in children is scarce. In this article, we give an update on the current 
literature, share some of our own experience and give a future outlook of the potential benefits and shortcomings 
regarding MILR in children.

Keywords: Minimally-invasive liver resection, pediatric cancer, hepatoblastoma, laparoscopy, liver tumor

INTRODUCTION
Minimally-invasive liver resection (MILR) has been successfully integrated as a valuable surgical tool in adult 
patients both for cancer resections as well as donor hepatectomies for liver transplantation[1-3]. Although 
minimally-invasive surgical techniques are an essential component in the treatment of pediatric patients 
with hepatobiliary disease, literature on MILR hepatic tumors in children is scarce. This understanding is 
explained at least partially by the immense rarity of these tumors in the pediatric age group. In order to 
better standardize the invasive and complex treatment of hepatic malignancies in children and to obtain 
more reliable research data regarding their treatment, corresponding study groups from different parts 
of the world have put in place a global interdisciplinary initiative called The Children’s Hepatic Tumors 
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International Collaboration (CHIC)[4]. One of the tasks in this collaboration is the standardization of the 
surgical resection involved, by whatever means. In this article, we focus on reviewing the existing literature 
on MILR in children and try to give an outlook of the possibilities and limitations of applying MILR in 
children with cancer and how it could fit into current, standardized treatment strategies.

MILR IN ADULTS
MILR is now considered an established treatment option in adult liver tumor surgery with a curative 
intent of both benign and malignant disease[1-3]. This advancement has been the result of increased 
surgical experience, high-quality imaging laparoscopes with better visualization of the operative field 
and the availability of specialized laparoscopic instruments for transecting the liver parenchyma[3,5,6]. In 
large centers, outcomes and complication rates are similar to those of open resection, notwithstanding 
the known benefits of a minimally-invasive surgical approach[2,7]. Currently, there is an international 
multicenter randomized controlled trial in Europe (ORANGE PLUS-II) comparing open vs. laparoscopic 
right or left hemihepatectomies for malignancies with the main outcome being time to functional recovery 
(https://clinicaltrials.gov/ct2/show/NCT01441856).

The knowledge acquired from minimally-invasive liver surgery (MILS) for liver tumors in adults has 
opened the horizon for a variety of additional indications for MILS in the adult population. For example, 
in addition to tumor resections, MILR has now gained acceptance as a means for resections carried out for 
live donor liver transplant, especially in the setting where the recipient is a child and the intended graft is 
that of a left lateral segment[8-13]. The first laparoscopic donor hepatectomies (left lateral section grafts) were 
reported in 2002 and were performed for living donor liver transplantation (LDLT) in children[14]. A recent 
large series of 220 consecutive donations in pediatric live donor liver transplants showed similar recipient 
outcomes including graft survival with better perioperative outcomes of the donors[15]. The data on full lobe 
resection for live donor liver transplant in the adult setting, especially concerning the right lobe, appear to 
be less clear and are currently being discussed. However, at this time, many centers see encouraging results 
with this approach[16,17]. It is likely that full laparoscopic right lobe hepatectomy, as is the case for the left 
lateral segments, will become an accepted approach for adult live donor liver transplant as expertise with 
MILR continues to grow. This approach has become the standard method in some large LDLT centers with 
exceptionally high volume[18,19]. 

CURRENT TREATMENT OF PEDIATRIC LIVER TUMORS
Pediatric liver tumors are uniquely different from adult liver tumors[20]. While adult liver tumors typically 
develop as carcinomas in cirrhotic or otherwise diseased livers, this type of growth is the exception in 
the pediatric population. Rather, pediatric liver tumors are of embryonic origin and arise in otherwise 
healthy livers, surrounded by healthy liver parenchyma. As will be explored later on, this understanding 
has important implications for the resection of liver tumors in children, especially when considering a 
minimally-invasive approach. 

A wide variety of different tumors can arise in the pediatric liver. These include benign tumors such 
as the infantile hepatic hemangioma as the most common benign liver tumor in children as well as 
the mesenchymal harmatoma and the focal nodular hyperplasia[21,22]. Hepatoblastoma is not only the 
most common malignant liver tumor in children, but also the most common liver tumor in children in 
general[21,22]. Others, but considerably less common malignant liver tumors in the pediatric populations 
are the undifferentiated embryonal sarcoma of the liver, the rhabdomyosarcoma of the biliary tree and 
the hepatocellular carcinoma (HCC) of childhood[21,22]. It is of utmost importance that any surgeon 
treating such tumors is intimately familiar with the details of the clinical development, their growth 
pattern, their prognosis, as well as the up to date concerted interdisciplinary treatment algorithms of the 
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large pediatric tumor study groups. The current treatment approach of pediatric liver tumors is perhaps 
best exemplified with the treatment algorithm of hepatoblastoma[23,24], the most common pediatric liver 
tumor[21,22]. Hepatoblastoma typically arises before or right around 3 years of age[25,26]. Hepatoblastoma 
shares this important feature with essentially all other pediatric liver tumors, with the exception of HCC 
of childhood[21,22]. While the latter is found mostly in adolescence, the large majority of all other childhood 
tumors arise at very young age. As it is easily understandable, this insight has significant impact when 
selecting the operative approach.

Traditionally, knowledge regarding hepatoblastoma has been extracted from the four major cooperative 
study groups: the International Childhood Liver Tumors Strategy Group (SIOPEL), Children’s Oncology 
Group (COG), the German Society for Pediatric Oncology and Hematology, and the Japanese Study Group 
for Pediatric Liver Tumors. Because the numbers of patients in these individual groups were low due to 
the rarity of the disease and all groups used fundamentally different staging and stratification systems, the 
comparability of the data obtained was limited[23,24]. For this reason, with the involvement of the four groups, 
a worldwide coalition for the study of hepatoblastomas was formed[4,24]. As one of its first tasks, CHIC has 
recently generated a novel risk stratification based on data from more than 1,600 children treated for 25 
years for hepatoblastoma. This risk stratification is based on the stage classification according to PRETEXT 
(pre-treatment extension), the initial AFP value at diagnosis, the presence of metastases, the presence of 
vascular invasión and the age of the child, and characterizes the four risk levels: very low, low, intermediate 
and high[24]. Because this stratification system will be used in a new global research study on hepatoblastoma 
(PHITT) starting in 2018, all other risk stratifications regarding hepatoblastoma have become obsolete. In 
the PHITT trial, the PRETEXT (pre-treatment extension) grouping system of SIOPEL is used for childhood 
liver tumors[27]. This system is based exclusively on pretherapeutic imaging and is thus independent of the 
surgical or therapeutic intervention. It describes the extent of the tumor across the 4 surgical sectors of the 
liver and additionally contains defined PRETEXT risk factors. PRETEXT risk factors include invasion of the 
tumor into one or more hepatic veins (abbreviated by the letter V) or portal vein (P) and extrahepatic tumor 
invasion (E), tumor rupture (R) or multifocality of the tumor (F). Because a high prognostic relevance for 
this classification has been proven, it has gained international acceptance[24]. In the studies of the US COG, 
until recently, the traditional staging system, which relies on tumor size in terms of resectability, was used 
at the same time[21,22]. Because of its primarily surgical perspective, this system has above all relevance in 
HCC[21]. However, the COG-staging system is not part of the PHITT trial[24]. 

Since most childhood liver tumors are either benign and partly regress spontaneously (infantile hepatic 
hemangioma) or respond well to chemotherapy (hepatoblastoma), primary resection is usually not indicated 
as a primary therapeutic approach[21,22]. This understanding is especially true in infants, toddlers and 
schoolchildren. Primary resection in benign tumors is indicated when they grow in size, when there are 
radiological changes suspicious of malignancy and/or if they become symptomatic[22]. As part of the PHITT 
trial, the surgical treatment decision is clearly regulated and represents a separate study branch within the 
trial. According to the trial, an initial resection is indicated in children only if there is a stage PRETEXT I or 
II liver tumor and the tumor is safely removable via a simple lobectomy (trial details at https://clinicaltrials.
gov/ct2/show/NCT03017326). All other children undergo a biopsy first and then, if the diagnosis of a 
hepatoblastoma is confirmed, two cycles of chemotherapy are initiated. After reimaging, the resection will 
be performed as long as it can be carried out as a simple lobectomy and only if the tumor can be removed 
safely and completely with this approach. If this is not possible, there will be two more chemotherapy blocks, 
blocks 3 and 4. During the administration of blocks 3 and 4, the child is evaluated for liver transplantation, 
which can then be carried out without further delay after completion of block 4. In individual cases, the 
improvement after the end of block 4 may instead of the liver transplantation call for a complex or extended 
resection, always on the premise that the tumor can be completely removed. In cases where there is doubt 
of resectability, the surgery can be performed when an organ becomes available and with another recipient 
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ready as a backup in case the tumor can be successfully resected. Reviewing the results of this study section 
of the PHITT trial will hopefully clarify which patients will benefit more from extended resection vs. 
transplantation and vice versa. For children who undergo resection, the study does not distinguish between 
an open and a laparoscopic approach. However, it is clear that any innovative surgical technique such as 
MILR must be properly integrated in a way that respects these surgical parameters. 

MINIMALLY-INVASIVE HEPATOBILIARY SURGERY IN THE PEDIATRIC POPULATION 
Minimally-invasive hepatobiliary surgery has long been established in the pediatric population. As is the 
case for adults, one of the most commonly performed minimally-invasive hepatobiliary surgeries carried out 
in children is cholecystectomy. This surgery can be safely performed by single-incision laparoscopic surgery 
(SILS)[28]. More complex operations of reconstructive nature are similarly standard of care in pediatric 
surgery. Resection of a choledochal cyst and reconstruction of bile flow with hepaticojejunostomy is routinely 
carried out in pediatric surgery, although some centers report higher complication rate compared to open 
surgery[29,30]. This operation has been carried out successfully with a SILS approach[31]. One of the major long-
term complications of choledochal cyst resection is, independent of the surgical approach, stenosis of the 
hepaticojejunal anastomosis requiring dilation by the interventional radiologist or surgical revision. Redo 
hepaticojejunostomy for children with choledochal cyst can - in experienced hands - be carried out safely as 
a minimally-invasive approach[32,33]. Other indication in which laparoscopic hepatobiliary surgery has been 
advocated in the pediatric population is the resection of hepatic cysts, even in the neonates[34,35]. Although 
these cysts rarely require intervention, if they do they usually do not require formal liver resections but 
simple cyst resection. 

While the above-mentioned indications have withheld the test of time and are widely accepted amongst 
pediatric surgeons around the world, one indication remains controversial. The excitement for the early 
success of laparoscopic hepatobiliary surgery in children, especially that of choledochal cyst resection, has 
lead to the laparoscopic reconstruction of biliary atresia over open reconstruction, which was until then the 
mainstay therapy of this disease as a bridge to liver transplant. Despite the initial enthusiasm, increasing 
evidence shows inferior outcomes for the laparoscopic approach of this sophisticated procedure[36-38], which 
is currently not considered standard of care. Nevertheless, a recent study with a large sample size has shown, 
for the first time, an equal outcome for the laparoscopic approach when looking at 3 and 5-year native liver 
survival, confusing the interpretation of current data[39]. At our center, we perform the Kasai procedure open 
for all cases of biliary atresia unless primary liver transplant is necessary.

Laparoscopic correction of extra-hepatic congenital portosystemic shunts (CPS) in children has also 
been described[40]. CPS is a rare entity and may lead to the development of jaundice, encephalopathy and 
pulmonary hypertension[41]. Obliteration of the shunt by the interventional radiologist by coiling or with a 
vascular plug is not always an option, especially in large shunts or in those with flow directed to the inferior 
vena cava with risk of migration of the foreign body into the heart. While the laparoscopic approach could 
be an option, open laparotomy is generally required in these cases. 

MILR FOR PEDIATRIC LIVER TUMORS
Although laparoscopic hepatobiliary surgery is commonplace in pediatric surgery, anatomical liver resection 
in the pediatric population remains one of the last ambitions in the evolution of laparoscopic surgery. 
This understanding is explained partially by the low frequency of liver tumors in children, which makes it 
difficult for surgeons to accumulate experience with this technique.  

Thus far, most laparosocopic hepatectomies reported in children are case reports and small case series of 
non-anatomical resections for small, peripheral and isolated lesions[34,42-46]. Tabrizian and Midulla[34] and 
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Oh et al.[43] used a full laparoscopic approach to excise hepatic cysts. Interesting about these two particular 
case reports is the fact that both children had large cysts and were rather young, one being a newborn and 
the other being only 2-month-old. Dutta et al.[42] reported a case of successful non-anatomical laparoscopic 
hepatic resection of a large mesenchymal hamartoma. This operation took place in a 2-year-old boy. 
Yoon et al.[44] performed a total laparoscopic left lateral sectionectomy in a 5-year-old girl who suffered from 
the same tumor. The operative time in their case was 150 min and the estimated blood loss was 100 mL. 
There were no complications and the length of stay (LOS) was 11 days. The postoperative pathology showed 
a disease-free resection margin and confirmed the diagnosis of mesenchymal hamartoma of the liver. 
Kim et al.[45] in 2011 reported on 38 children with confirmed diagnosis of hepatoblastoma treated between 
1991 and 2009 at the Asan Medical Center Children’s Hospital in Seoul, Korea[45,46]. In their retrospective 
review, of the 38 children with hepatoblastoma, a total of two resections were carried out as total laparoscopic 
resections and both cases were partial hepatectomies. There were no complications and both children were 
free of disease at follow up after 8.1 and 19.3 months, respectively. In Figure 1 we present a case of our own 
unpublished cohort. This 12-year-old girl suffered from a large hepatic adenoma and underwent laparoscopic 
resection of segment 7. There were no complications and the tumor was removed with negative margins. 

Besides these anecdotal case reports, there is only one larger study on the subject in the current English 
literature. Michaelle Veenstra and Alan Koffron published in 2015 this first comprehensive review of MILR 
in children[47]. In their retrospective review, they included 36 children who underwent MILR for benign 
and malignant disease. For these children, the data analyzed included patient demographics, operative 
technique, pathology, complications, recurrence, and outcome. From a technical point of view, MILR 
was carried out as one of the following three approaches: pure laparoscopic, hand-assisted laparoscopy, 
and a hybrid laparoscopic assisted method. In the latter approach, the initial parts of the resection were 

Figure 1. Intraoperative view of an anatomical segment 7 resection of a 12-year-old girl with a large adenoma. A: The resection line is 
being mapped out with the electrocautery, the tumor in segment 7 is shown (white arrow); B: the mobilized right lobe is shown with the 
resection line completely mapped out; C: the corresponding Glisson bundle of segment 7 with its portal vein branch, arterial branch and 
bile duct is divided between clips (white arrow); D: the completed resection. There was only minimal blood loss in the case

A B

C D
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carried out laparoscopically and finished as an open resection, overall allowing for a smaller incision than 
typically necessary for an open resection. Of all patients on the case series, 19 were females and the mean 
age was 2.7 years (9 months to 17 years). While three of these patients were adolescents between 12-16 years 
undergoing liver resection for benign tumors, two were under the age of 2 years undergoing liver resection 
for hepatoblastoma[47]. Of all resections carried out, 15 were for benign tumors and 21 were for malignant 
tumors. Of the 21 children with malignant tumors, 20 had hepatoblastoma and the remaining one was an 
adolescent of 17 years with a fibrolamellar HCC. All were unifocal lesions with a size ranging from 2-16 cm 
in the benign tumor group and from 2-9 cm in the malignant tumor group. Of the 36 children, 31 (86%) 
surgeries were performed as pure laparoscopic resections and 5 (14%) were carried out either as hand-assisted 
or hybrid procedures. Of the 31 purely laparoscopically performed resections, 10 were segmentectomies, 5 
were sectionectomies, and 16 were hemihepatectomies. Of the 5 hand-assisted or hybrid procedures, one was 
a segmentectomy, and 4 were hemihepatectomies. The operative time correlated with the amount of liver 
resected and was 74 (50-110) min for the segmentectomy group, 120 (48-200) min for the sectionectomies and 
195 (55-450) min for the hemihepatectomies. Five patients required blood transfusion, 4 of which underwent 
hemihepatectomy as hand-assist or hybrid procedure. Five patients suffered postoperative complications. 
There was one seroma, one port site infection, one-line infection, one port dehiscence, and one hypertrophic 
scar. The LOS was 3 days (2-6) for the segmentectomies, 4 days (2-5) for the sectionectomies, and 5 days 
(2-9) for the hemihepatectomies. This LOS is shorter compared of what is published for open resection 
of malignant tumors in children[48]. All malignant tumors were removed with R0 margins. Follow-up for 
children with malignant disease was 12-36 months and there were no local recurrences. One child had 
pulmonary metastasis prior to resection, which had resolved on radioimaging following neoadjuvant 
chemotherapy, however, this child had recurrence of the pulmonary lesions during the follow-up period 
after the resection. In this same study, patients not considered for MILR were those that would not tolerate 
laparoscopy, malignant lesions that could not be safely removed with adequate margins laparoscopically and 
those with lesions too close to major vascular or biliary structures on imaging to allow safe laparoscopic 
resection[47]. Taken together, although their review does not include comparisons to contemporaneous 
open controls, this comprehensive report for the first time shows that with appropriate patient selection 
and the necessary expertise, MILR can safely be carried out in children with both benign and malignant 
liver disease with excellent outcomes and minimal morbidity. Additionally, it clarifies that patients bearing 
malignant tumors with PRETEXT III or above (three sections are involved, and no two adjoining sections 
are free), with macrovascular invasion that require reconstruction of the vena cava or the portal vein, or with 
doubts of resectability in whom liver transplantation is the next treatment option, may be poor candidates 
for MILR. 

OUTLOOK INTO THE FUTURE
Minimally-invasive hepatobiliary surgery in children requires not only specialized equipment but also 
particular expertise in order to confine precision work in the enclosed space of the child’s abdominal cavity. 
This is especially important for the consideration of MILR for pediatric tumors, because they typically 
arise before the age of 3 years, when the entire abdominal cavity has the average size of an adult man’s liver. 
Therefore, a hand-assisted approach, which is wide spread in adult MILR, is more difficult to perform in the 
child due to the enclosed working space. Also, the incision required for the hand-port nearly confines the 
incision necessary for open surgery, especially in a small child, therefore reducing the effect of “minimally-
invasive” surgery. However, it is important to note that the incision for a hand-port is usually vertical in 
the midline of the upper abdomen and does not transect the rectus muscle, usually the main driver of 
postoperative pain following typical open surgery. Nevertheless, unless operating on a large child or an 
adolescent, hand-assisted MILR is unlikely to represent a breakthrough in pediatric oncological liver surgery. 
On the contrary, other techniques widely spread in the pediatric population may be of great benefit when 
considering MILR in this particular population. Perhaps its biggest value can be found in cases that are 
elaborate and may otherwise not be completed safely without full conversion. Foremost, this includes SILS. 
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SILS allows operating through one access site, eliminating the multiple sites traditionally used, even in small 
children[28]. When performing complex hepatobiliary cases laparoscopically in a child, including MILR, 
we advocate using a hybrid approach in which the SILS-port is used in addition to traditional trocar sites. 
This allows introducing more instruments from various angles without making additional incisions and 
hence gives more flexibility for the intracorporal work. In such an approach, the incision for the SILS-port 
can safely be extended up to 5 cm or more depending on the type of port used, an ideal length for either 
extraction of bowel for an extracorporal anastomosis or for the extraction of a resected tumor. Importantly, 
different from traditional laparoscopically-assisted procedures, the SILS-port, after having been taken 
out the tumor specimen, will remain a seal and can be reinserted unlimited amount of times despite the 
extension of the original incision. This allows for greater flexibility when performing combined intra- and 
extracorporeal reconstructive work or when removing more than one tumor specimen at a time. Although 
complete hepatectomy has been successfully carried out in adults uniquely through SILS[49], the authors have 
no experience nor know of any experience with performing MILR in children exclusively through a SILS port 
other than for simple atypical resections of peripheral lesions. However, the enclosed space of the pediatric 
abdominal cavity in children put aside, theoretically there is no reason that such a procedure is technically not 
feasible. One wonders though, given the small size of additional trocar sites in children, if it is necessary. 

Robotic surgery has been recently introduced in the clinical practice and it has been accepted as an effective 
option to perform high-demanding procedures including hepatobiliary surgery in adults[50]. A recent review 
on the application of robotic surgery to liver surgery in adults when compared to open or laparoscopic shows 
no inferiority, however, randomized control trials are necessary to reach broader conclusions[51]. The role 
of robotic surgery in pediatric surgery remains controversial partly because of the lack of pediatric-sized 
robotic instruments and equipment, the elevated cost and the need for robotic-trained pediatric surgeons. 
In children, similar to adult surgery, robotic surgery has become popular in pediatric urology, being the 
pyeloplasty and partial nephrectomies the more accepted procedures[52]. Nothing is known about the role 
and the advantages of robotic procedures in liver surgery in children. 

Independent of the technical challenges in MILR in children, the most important task of our field will be to 
assure that the current recommendations for surgical resection of the corresponding pediatric oncological 
study groups, especially CHIC, are not compromised by the innovation of MILR. This is especially true 
for malignant tumors such as hepatoblastoma and HCC, for which there is overwhelming evidence that 
incomplete resection significantly worsens prognosis, even if followed by liver transplant[23]. As MILR 
continues to grow within pediatric oncology, more research is needed to evaluate the full impact of MILR 
in children. The current evidence is summarized in Table 1, representing one article with level III evidence 
(comprehensive retrospective review) and several articles with level IV evidence (case reports and case 
series). A large prospective study would be the highest possible level of evidence addressing the question of 
whether there are significant differences in outcome and morbidity between open and laparoscopic liver 
resection for pediatric tumors and would certainly be much desired. However, similar to the obstacles found 
when creating the current PHITT study, due to the rarity of hepatic tumors in children, such a trial would 
have to be designed as a global effort in order to obtain adequate numbers for reliable statistical analysis. 
Until then, it would be nevertheless of immense value if more literature were to become available on the 
subject, whether small prospective studies or comprehensive retrospective reviews. 

CONCLUSION
MILR for liver tumors is the last bastion in the evolution of pediatric hepatobiliary surgery. Slowly, 
accumulating evidence around the world indicates that with experience and careful patient selection, 
laparoscopic liver resections can be carried out safely and without compromising outcomes. The children 
operated with this approach appear to benefit from the typical advantages of minimally-invasive surgery. 
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Nevertheless, evidence regarding the topic remains scarce and of poor quality, and further efforts must take 
place to evaluate the full impact of MILR in children. Most importantly, applying this surgical innovation 
should not compromise prognosis of children with hepatic tumors. 
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Abstract
Several reconstruction techniques are possible after totally laparoscopic distal radical gastrectomy. An optimal technique 
of digestive tract reconstruction after distal gastrectomy has not yet been established. The ideal reconstruction should 
be not only for doctors but also for patients. Alimentary intake, satisfactory nutritional status and easy performing 
should be all considered. The aim of the study was to describe the different Billroth-I reconstruction techniques that can 
be proposed after totally laparoscopic distal radical gastrectomy.

Keywords: Billroth-I anastomosis, totally laparoscopic distal gastrectomy, gastric cancer

INTRODUCTION
In 1994, Kitano firstly reported the technique for laparoscopy assisted Billroth-I (B-I)[1]. Since then, the 
use of laparoscopic treatments for gastric cancer is increasing due to the advantages of improving patients’ 
quality of life. The new technologies and improved techniques have allowed laparoscopy gastrectomy to 
expand its indications and also to use this treatment for more complex cases. Japan Society of Endoscopic 
Surgery (JSES) conducted national survey every 2 years and indicated the percentage of laparoscopic 
procedures for gastric cancer was increasing. According to the 12th JSES survey, laparoscopic distal 
gastrectomy (LDG) was the most commonly performed type of laparoscopic gastrectomy[2].

In initial series for LDG, the majority of anastomoses were performed by laparoscopy assisted procedures. 
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The assisted procedures needed a mini-laparotomy incision of 60-70 mm in length made on the 
epigastrium[3]. But this procedure was not always easy to do, especially on patients with a small remnant 
stomach or obese patients with thick abdominal walls[4]. Anastomosis in such restricted space was usually 
difficult. With the accumulation of laparoscopic surgery experience and the development of laparoscopic 
devices, the gastrointestinal reconstruction now can be completed laparoscopically. Furthermore, 
unnecessary manipulations and the incision made on the epigastrium can be avoided.

The ideal reconstruction should be not only for doctors but also for patients. Alimentary intake, 
satisfactory nutritional status and easy performing should be all considered[5]. The B-I anastomosis is 
preferred by many doctors. It is said that the B-I anastomosis is simple and can provide a physiological 
route for food digestion and absorb without the need for an intestinal bypass or blind loop. Until now, 
various intracorporeal B-I anastomosis techniques were reported. In this article, we will review theses 
reconstruction methods.

HAND-SEWN ANASTOMOSIS IN INTRACORPOREAL B-I RECONSTRUCTION
After the accumulation of operative experience, some experienced surgeons had also presented 
intracorporeal hand-sewn techniques.

Takiguchi et al.[6] firstly reported B-I intracorporeal hand-sewn anastomosis in 2003. In his study, the 
Albert-Lembert method was used for the laparoscopic hand-sewing procedure and the anastomosis time 
was 90 min. Due to the complexity of the procedure and large amount of time required for anastomosis, it 
seemed that the hand-sewn anastomosis was not widely performed. 
 
After almost 10 years, Matsuo et al.[7] reported another study about hand-sewn B-I anastomosis. They 
performed hand-sewn gastroduodenal anastomosis in 18 cases. The mean time of B-I anastomosis was 
64.6 min. Matsuo et al.[7] described that 3-0 absorbing thread was placed in the lesser curvature as a 
supporting thread. A seromyotomy of the stomach was performed at the posterior wall. Both the remmant 
stomach and the duodenum’s seromuscular layer were discontinuously sutured by extracorporeal knot-
typing method. The lumen was opened with the stomach and the duodenum in a fixed status. The thread 
of the anchor suture was lifted upward to the abdominal wall. After that all layers of the stomach and 
the duodenum at the posterior wall were continuously sutured. The authors believed that hand-sewn 
anastomosis had some advantages. Hand-sewn sutures were not affected by the degree of freedom of the 
duodenum. Because staplers were not used, the anastomosis area was soft and highly flexible. The hand-
sewn anastomosis was economical due to that less staplers were used.

CIRCULAR STAPLER USED IN INTRACORPOREAL B-I RECONSTRUCTION
In the open surgery, circular stapler is well applied as a standardized reconstruction method of 
gastroduodenostomy. However, when it was attempted laparoscopically, the situation was often the 
opposite.

Uyama et al.[8] firstly described intracorporeal B-I reconstruction using a circular stapling device and 
introduced one case in 1995. The method was defined by the same anatomic parameters as for the open 
B-I. After that, Moriya et al.[9] and Mayers and Orebaugh[10] also reported B-I gastroduodenostomy with a 
circular stapler device. Both techniques were complicated and difficult to operate, and especially at the left 
subcostal area where an extended incision was needed. The extra incision spoiled the merit of minimally 
invasive surgery.

There are 2 major difficulties when circular stapler is applied in laparoscopic gastroduodenostomy: the first 
is the lack of a safe and fast intracorporeal purse-string suture technique and the second is the difficulty 
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in manipulating the stapler and the stomach in a narrow abdominal cavity. In order to enable the anvil 
placement into the dudenum, many strategies were applied, such as a triple stapling procedure[8] and the 
use of the natural pyloric ring with endo-looping of the duodenum[9]. Some techniques usually used in 
esophagoenteral anastomosis were also reported, such as using specially modified laparoscopic purse-
string instrument[11] and opening the lumen and applying manual purse-string suture[12]. However, there 
are still many difficulties to be overcome.

Kim et al.[13] reported a method which seemed to be quick and economical. The atraumatic clamps were 
used to prevent slippage of the duodenum which was cut with ultrasonic shear instead of linear stapler. 
After that, a seromuscular suture was done around the duodenal outer layer along the clamp. Omori el al.[14] 
reported a method like reverse puncture technique used in total gastrectomy. The anvil secured with 
vicryl suture was inserted into the duodenum through semicircumferential duodenotomy. The needle was 
advanced to the anterior duodenal wall and then the duodenum was staple-transected. Finally, the center 
rod penetrated the duodenal wall. In this method the need for purse-string suture placement was totally 
eliminated.

Although the skill inserting anvil head in the duodenal stump can be improved, laparoscopically inserting 
the circular stapler into the remnant stomach was not always easy. After removing two-thirds to three-
quarters of the stomach, the small remnant stomach was usually so small that it was difficult to insert the 
stapler, even from the epigastric region. Sometime it was very difficult to form a straight line among the 
duodenum, remnant stomach and the circular stapler from the umbilical wound. Omori el al.[15] described 
a novel method to insert the circular stapler to connect the anvil head. Firstly, the anvil head was passed 
through the posterior gastric wall with laparoscopic endloop, which can make the duodenum and remnant 
stomach form a straight line. Secondly anterior gastric suture was used to exteriorize the anvil shaft partly 
from the gastrotomy. And then the anvil shaft was advanced into the remnant stomach to make the anvil 
and the stapler join tighter.

LINEAR STAPLER INTRACORPOREAL B-I RECONSTRUCTION
Delta-shaped anastomosis and modified delta-shaped anastomosis
With the development of laparoscopic instruments and the continuous accumulation of surgical experience 
in recent years, linear stapler intracorporeal gastrointestinal anastomosis techniques have been developed.

Kanaya et al.[16] firstly reported a anastomosis method which used only laparoscopic linear staplers in the 
hope of overcoming the drawbacks of extracorporeal reconstruction. The method named delta-shaped 
anastomosis (DA) was a modified intracorporeal B-I reconstruction which was soon promoted. The 
emergence of the DA method made intracorporeal gastroduodenostomy possible, which greatly promoted 
the development of totally laparoscopic distal gastrectomy (TLDG). Utilization DA method allows 
gastroduodenal anastomosis with a diameter of at least 30  mm while avoiding stricture. Kanaya et al.[17] 
analyzed the result of initial 100 procedures and showed that the mean time of the anastomosis was 13 min 
and the rate of anastomosis related complications was rare in 2011.

But some surgeons worry about the blood supply affected during cutting, which would result in 
leakages ranging from 0.42% to 8.5%[17-20] and anatomical distortion which exist in twisting around the 
anastomosis[21]. In order to overcome the twisting around the anastomosis, some modified delta-shaped 
techniques were studied.  

Huang et al.[22] reported modified DA in 2014. This was different from the conventional DA in closing 
the common stab incision of stomach and duodenum. In order to avoid the poor blood supply of the 
duodenum, the duodenal cutting was totally resected. The appearance of the anastomoses was changed 
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from two intersections to only one as an inverted T-shape, which could decrease the anastomotic weak 
point. They reported comparable postoperative outcomes and showed that modified DA was technically 
safe and feasible[23] in another study.

After DA, many surgeons develop many other anastomosis methods based on linear stapler.

Triangulating stapling technique
Tanimura et al.[24] described the triangulating stapling technique based on a linear stapling device in 2008. 
The mean anastomotic time was 35 min. In this method, the duodenum can be transected in any direction, 
and by forming a triangle, the anastomosis lumen is made wide with no ischemic areas. Both stumps of 
duodenum and remnant stomach were opened fitting their caliber, the gastroduodenostomy linear stapler 
in the posterior wall and 2 everted sutures in the anterior wall with linear staplers. Before each direction 
anastomosis, both duodenum and remnant stomach were elevated ventrally with 3 stay sutures. But 
there are still some problems about this method. There were some differences between the stomach and 
duodenum in terms of lumen size, wall thickness, and wall extensibility. The first introverted anastomosis, 
which forms the base of the triangle, was cumbersome once all of the staple lines on the stomach and 
duodenum had been cut off.

Book-binding technique
Ikeda el al.[25] described the book-binding technique using linear stapler in 2012. The mean anastomotic time 
was 34 min. In their method, the duodenum was transected form the greater curvature side to the lesser 
curvature side. Small openings are made in the remnant stomach and duodenal stumps just wide enough to 
insert one of the jaws of the linear stapler. After the first stapling, there were three staple lines including those 
from the transection of the stomach and duodenum, which ran in parallel to the anterior wall. To prevent 
the formation of ischemic areas, a large opening was created on the anterior wall by transecting the entire 
duodenal stump and one-third of the gastric stump together with the anterior wall of the first anastomosis 
line. The anterior hole was then fired by linear stapler twice to close the large opening. Because a large 
opening was created on the anterior wall by transecting tissue and anastomosis line, maybe some tension 
was generated after the anterior hole was closed by the linear stapler. Further studies need to be done.

Linear-shaped gastroduodenostomy 
Byun et al.[26] developed a linear-shaper gastroduodenostomy method by which the appearance of 
anastomosis was completed inverted T-shaped in 2009. Duodenum was transected from the greater 
curvature side to less side. One incision was done in the greater curvature of remnant stomach at the point 
60 mm apart from the resected line. The other incision was done on the superior edge of the duodenal 
transection line. After creating the c anastomosis lumen, the common entry incision was closed by 
laparoscopic linear staplers. Finally, the greater curvature of stomach and the antero-superior of duodenum 
were perpendicular. By using this method, the rotation duodenum and remnant stomach was not needed 
which can reduce the risk of poor vascular supply. In their study, there were less bile reflux, gastritis degree 
and residual food grade compared to DA anastomosis in 6 months after surgery.

Augmented rectangle technique 
In our group, we developed a method named augmented rectangle technique (ART) anastomosis. Three 
automatic laparoscopic linear staplers were used to create the gastroduodenostomy and the anastomotic 
opening was wide and less likely to become stenosed or twisted[27]. This method was easy and time-saving. 
We performed 160 LDG operations using this technique from December 2013 to August 2017. There 
were no postoperative complications associated with the reconstruction, such as anastomotic leakage, 
hemorrhage or stenosis. In the ART method, the duodenum was transected form the greater curvature 
side to less side. Small incisions were made in duodenal stumps and the greater curvature of remnant 
stomach in order to insert the jaws of the linear stapler. After inserting the stapler, the lesser curvature 
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end of the duodenal stump was rotated externally by 90°. After the initial suturing between the remnant 
stomach and the duodenum, the two sides (posterior wall and cranial wall), the posterior wall and caudal 
wall, form a V-shape. A 30 mm linear stapler was applied to close the insertion holes up to the closest 
side of the duodenal resection margin. After gastric and duodenal resection margins were ensured to be 
close together, the 60 mm laparoscopic linear stapler was used to transect the duodenal resection margin 
to create the margin. After the above steps, all the previous linear staplers were removed from duodenal 
resection margin.

Thanks to the elimination of the stay sutures in the anastomosis site, the risk of leakage of the intestinal 
contents into the peritoneal cavity can be reduced with a result of reduced incidence of peritoneal 
abscess[28,29]. Removing the staple line of the duodenal stump without creating a T-shaped anastomotic 
region can avoid postoperative stenosis. The ART can create larger 4-sided anastomosis diameters than 
3-sided ones, without worrying about whether the width of the opening will be reduced by the final stapling.

APPLICATION OF BARBED SUTURE IN INTRACORPOREAL ANASTOMOSES
Intracorporeal suturing and knot typing in some B-I anastomosis were time-consuming and tedious and 
especially these procedures were the last steps to do in LDG. But various devices have been developed 
to simplify the placement of intracorporeal sutures, and barbed suture is one such device. Using the 
barber suture could reduce the number of knot typing, the suturing efficiency and reduce the cost of 
intracorporeal reconstruction with staplers[30]. Lee et al.[30] used barber sutures to close entry hole in 354 
patients instead of staplers with a result of minimizing the suturing time. There were no patients who 
needed to be converted to usual sutures or mechanical closure with staplers and only one patient presented 
with postoperative anastomotic bleeding.

CONCLUSION
Several reconstruction techniques are possible after TLDG [Table 1]. The best reconstruction is the one, 
that simplifies the technique, maintains satisfactory nutritional status and quality of life while keeping 

Table 1. Summary of different methods applied in intracorporeal Billroth-I reconstruction

Year    Author No.   Age      Method Anastomotic 
time (min)

Operative 
time (min) 

Blood loss Postoperative 
stay (d) 

Anastomosis-
related 

complations
Hand-sewn anastomosis in intracorporeal B-I 
reconstruction

2003 Takiguchi et al .[6] 1 50 Hand-sewn 90 420 NS 7 0
2012 Matsuo et al .[7] 18 NS Hand-sewn 64.6 NS 53.1 ± 91 21.7 0

Circular stapler used in intracorporeal B-I 
reconstruction

1995 Uyama et al .[8] 1 56 CS NS 318 NS 14 0
2012 Kim et al .[13] 23 60.3 ± 11.3 CS 43.3 ± 15.4 209.7 ± 49.9 72.6 ± 47.9 7.7 ± 2.3 0
2012 Omori et al .[15] 20 NS CS NS 279 NS 9 0

Linear stapler intracorporeal B-I reconstruction
2011 Kanaya et al .[17] 100 65.5 ± 9.3 DA 13.0 ± 3.9 239.2 ± 53.2 92.6 ± 89.7 16.7 ± 13.8 1 (anastomotic leak)
2014 Okabe et al .[20] 185 NS DA NS 283 NS NS 5 (anastomotic leak)

3 (delayed gastric 
emptying)

2011 Noshiro et al .[19] 71 70 ± 10 DA NS 260 ± 56 63 ± 79 NS 6 (anastomotic leak)
2014 Huang et al .[22] 102 60 ± 12 Modified DA 12.2 ± 4.2 150.6 ± 30.2 48.2 ± 33.2 12.0 ± 6.5 2 (anastomotic leak)
2008 Tanimura et al .[24] 196 NS TST 28 ± 4 249 ± 38 NS NS 1 (anastomotic leak)
2013 Ikeda et al .[25] 9 59.3 BBT 34 ± 7 255 ± 13 50 ± 66 14.2 ± 2.3 0
2016 Byun et al .[26] 190 57.2 ± 12.5 LSGD NS 147.9 ± 49.4 97.3 ± 95.7 6.8 ± 3.1 2 (anastomotic 

stenosis)
2018 Fukunaga et al .[27] 160 69.5 ± 10 ART NS 227 ± 75 47.3 ± 50 12 ± 5 0

CS: Circular stapler; DA: delta-shaped anastomosis; TST: triangulating stapling technique; BBT: book-binding technique; LGSD: linear-
shaped gastroduodenostomy; ART: augmented rectangle technique; NS: not stated
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postoperative morbidity as low as possible. We believe that the new technologies and improved techniques 
will bring more benefits to patients and doctors.
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Abstract
Transanal total mesorectal excision (TaTME) is the latest in a long list of developments in the surgical treatment of low 
rectal cancer. This article describes the evolution of the technique, a brief summation of the technical procedure, the 
current literature into its results, and the possible future direction that it might take. It is the authors’ opinion that TaTME 
will form another technique within the modern colorectal surgeon’s armament.

Keywords: Transanal total mesorectal excision, transanal, rectal cancer

INTRODUCTION
The evolution of dedicated surgical techniques in the treatment of rectal cancer over the past century is 
one of fascinating progress. The concept of the total removal of the mesocolon as described by Miles[1] is 
the foundation of one of the most important principles in rectal cancer surgery today; that is the complete 
removal of both the primary cancer and any associated lymph nodes. Heald et al.[2] then emphasized the 
idea of the “holy plane”, when he described total mesorectal excision as sharp dissection along a definable 
avascular tissue plane to remove the rectum and the mesorectum in an intact envelope.

The achievement of this goal in rectal surgery is often not straightforward. Obtaining adequate trans-
abdominal access to the deep pelvis for cases of mid to low rectal cancer continues to challenge even the 
most experienced of colorectal surgeons. This is made more difficult in a subset of patients, namely those 
who are obese, male, and with a narrow pelvis. Numerous techniques over the years have been developed to 
try and combat these challenges, although usually without overwhelming success or widespread adoption.
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Transanal total mesorectal excision (TaTME) is the latest innovation that aims to overcome these significant 
limitations in rectal cancer surgery. It has its roots in 1984, when Buess et al.[3] described transanal 
endoscopic microsurgery (TEMs) using a fixed rectoscope platform that improved both visibility and 
extended the extent of the surgical field. Although expensive, this technique resulted in more negative 
margins and less fragmentation of the specimen when compared to conventional transanal excision. Further 
development of minimally invasive and advanced endoscopic platforms such as transanal minimally invasive 
surgery (TAMIS)[4] and the ability to create and maintain pneumorectum led finally to the development of 
the TaTME for en-bloc resection of rectal cancers as first described by Sylla et al.[5] in 2009. Indeed, it is the 
development of CO2 insufflation for the rectum using the AirSeal device (CONMED Corp., Utica, NY) with 
sufficient smoke evaluation that brings the most significant progression from TEMs/TAMIS to TaTME.

The implementation of novel technical and technologic innovations in surgery has often been fraught with 
unintended consequences. With an emphasis on safety and acceptability of clinical outcomes, the lessons 
learned from missteps arising throughout the implementation of minimally invasive surgery in other fields 
(e.g., laparoscopic cholecystectomy and bile duct injury) have justifiably led the surgical community to heed 
the cautionary tales of early adopters. The technical complexity of TaTME, in addition to the identification of 
new or rarely-seen anatomic landmarks and planes have led to the occurrence of otherwise rare complications 
such as urethral injury. This has led to reflection and delay in the dissemination in the technique.

This paper aims to provide a summary of the indications, considerations, surgical technique and evidence 
for TaTME. It will assume a certain amount of prior knowledge in the treatment of rectal cancer, where 
areas such as pre-operative staging and standard treatment modalities will be only briefly mentioned.

PREOPERATIVE EVALUATION
A thorough evaluation of the recently diagnosed rectal cancer patient is of the utmost importance to 
determine an appropriate treatment plan. This evaluation includes a complete history and physical 
examination, including digital rectal exam and rigid proctoscopy. Preoperative work-up should include a 
full colonoscopy to rule out any synchronous lesions. A baseline carcinoembryonic antigen level should 
be obtained prior to treatment as a prognostic tool and for post-treatment surveillance. A variety and 
combination of radiographic studies can be performed preoperatively with a different associated benefit profile 
for each study. Computed tomography (CT), magnetic resonance imaging (MRI), endoanal ultrasound (EUS), 
positron emission tomography (PET) and PET-CT may be used depending on the clinical situation.

Of these, pelvic MRI is of most interest when considering cases for TaTME. These should be done with the 
use of a pelvic-specific coil and thin-sectioned, multiplanar T2-weighted images[6-8]. MRI is the best current 
modality for determining the extent of locally advanced tumors, identifying the mesorectal fascia/the 
circumferential resection margin (CRM), and is at least equal to EUS for the staging of mesorectal lymph 
nodes[9-11]. However, the breath of anatomical information provided by MRI also allows for preoperative 
planning in TaTME cases. Careful study of the pre-operative MRI can help the surgeon consider how to 
proceed at difficult points in the operation. Attention should be taken to path of the mesorectal fascia which 
is clearly delineated on MRI. As orientation can be challenging intra-operatively, identifying the angle by 
which the mesorectum first dives posteriorly and then curves anteriorly may help the surgeon stay within 
the correct plane. Further attention should be drawn to where the CRM may be threatened by tumor during 
the operation. 

TaTME was developed to aid in the challenging mid to low rectal cancer cases, although precise definition 
of its indications has not been fully evaluated. A recent consensus statement was published which listed the 
following indications for TaTME: (1) male gender; (2) narrow and/or deep pelvis; (3) visceral obesity and/
or a body mass index (BMI) > 30 kg/m2; (4) prostatic hypertrophy; (5) a tumor height < 12 cm from the anal 
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verge; (6) a tumor diameter > 4 cm; (7) distortion of tissue planes secondary to neoadjuvant radiotherapy; 
and (8) an impalpable, low primary tumor requiring accurate placement of the distal resection margin[12]. 
They listed their contradictions as obstructing rectal tumours, emergency presentations and T4 tumors. 
It is noted that many surgeons have used thinner female patients who have not undergone neoadjuvant 
chemoradiotherapy as part of their learning curve. This is likely due to the fact that planes may be easier to 
identify, the risk of urethral injury is possibly lower, and salvage from a conventional top-down approach is 
more straightforward.  

SURGICAL APPROACH
A brief description of the surgical technique will be listed below.

Equipment
It is assumed that equipment required for an open and laparoscopic low anterior resection is readily 
available. Specialized equipment for this technique which the authors use include: (1) GelPoint Path 
Transanal Access Platform (Applied Medical, Inc., Rancho Santa Maragarita, CA); (2) AirSeal Access Port 
(CONMED Corp., Utica, NY); (3) Articulating hook diathermy (SILS hook, Medtronic, Minneapolis, MN).

We acknowledge that other platforms do exist and are also currently in development.

Preparation
All patients are given full mechanical bowel preparation. Standard pre-operative procedures such as 
antibiotics, urinary catheter and deep vein thrombosis prevention are assumed. The patient is placed in 
stirrups in the modified Lloyd-Davies position. Preparation of the abdomen and perineum should include 
washing out of the vagina and rectum with betadine. 

Technique
The operation may begin trans-anally, transabdominally or simultaneously from both approaches with two 
surgical teams. The benefit of a simultaneous approach is that it is associated with significantly reduced 
operating duration. If a simultaneous approach is embarked upon, there must be two separate scrub setups 
and two laparoscopic towers/insuff lators. Even in the single surgeon situation, two separate setups and 
laparoscopic towers is recommended to aid transition between the two. The TaTME dissection can be 
performed with the surgeon standing or sitting. However, if the surgeon stands, better ergonomic access is 
afforded to the assistant as they try to fit under the patient’s right leg. 

We routinely set the patient up as if having a laparoscopic total mesorectal excision. This includes some kind 
of strapping to the chest, and use of gelfoam mat to ensuring the patient does not slide during the operation. 
We do not routinely use a bean-bag.

Firstly, a purse-string suture (2/0 prolene) is placed with sufficient margin distal to the tumor. This can be 
achieved transanally with the aid of a Lone-Star and anal retractors if the tumor is low enough [Figure 1]. 
If the tumor is higher, this can be done by inserting the GelPoint port, and establishing pneumorectum to 
facilitate suturing through the TAMIS platform. A secure and airtight purse-string suture is mandatory as 
any defect will allow leakage of tumor content from above, and air into the colon from below. A second lavage 
with betadine is then performed and the GelPoint port channel inserted if it has not been already. Three 
ports are inserted into the GelPoint cap at 10 o’clock (Airseal, 8 mm port), 2 and 6 o’clock (10 mm working 
ports). The cap is then secured and pneumorectum is established with the AirSeal device at 10-12 mmHg.

Next, dissection is commenced. A 5 or 10 mm 30-degree rigid or f lexible laparoscope is used for 
visualization and inserted into the 6 o’clock port. The circumferential intraluminal line is marked out and 
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full-thickness rectal wall incision performed with hook diathermy. Usually, the dissection is commenced 
posteriorly as the plane between the presacral fascia and TME envelope is easiest to identify. An important 
tip is that the rectum is usually pushed away to create more operating space, as opposed to laparoscopically 
where the colon is usually pulled towards the operator. From this starting point, the dissection is then 
performed circumferentially, with care taken not to continue in only one or two quadrants which would lead 
to asymmetrical rectal retraction. Laterally, remaining close to the mesorectal fascia will reduce injury to 
the pelvic sidewall and the nervi erigentes. Anteriorly, the dissection is in the rectovaginal plane or posterior 
to Denonvilliers’ fascia in males. This dissection may be tailored depending on the position of the invasive 
portion of the tumor, intentionally proceeding anterior to Denonvilliers’ fascia if necessary to secure a clear 
margin. Another important note is that sometimes an “O” sign appears during dissection in the fatty tissue 
[Figure 2]; this is an indication that an incorrect plane that is too lateral has been entered[13].

This dissection is then continued up towards the peritoneal reflection. Care must be taken to try and breach 
the peritoneal cavity as late as possible, as once there is a connection between the two spaces, dissection 
becomes more difficult due to the bellowing movement of mesorectum as pressures attempt to equalize.

The intraperitoneal dissection is completed either simultaneously or sequentially in the usual fashion 
with splenic f lexure mobilization and high ligation of the inferior mesenteric artery. The colon is either 
exteriorized and transected through an abdominal incision, or if so desired, the specimen can be delivered 
trans-anally with the assistance of a wound retractor by transecting the proximal margin laparoscopically 
with a stapler. Care must be taken if a transanal extraction is attempted; the mesentery of the colon must be 
divided to ensure that the marginal artery is torn.

A second purse-string is then placed with a 0 or 2/0 prolene in the distal cut end, while an anvil of a 
circular stapler is secured to the proximal colon. A 19F Blakes drain is then cut to approximately 10 cm and 
placed on the end of the anvil to facilitate transanal retrieval. Once this is accomplished, the purse-string 
then being secured around the anvil. The stapler is then engaged and fired in the standard fashion. Other 
techniques for a stapled end-to-end anastomosis have been described as well as techniques for other types of 
anastomoses including: hand-sewn coloanal anastomosis and side-to-end stapled anastomosis[14,15].

Although urethral injury is an oft-commented point raised in regards to TaTME, it mainly a concern where 
the starting point of the dissection is intersphincteric or extremely close to the anorectal ring. Here, as 
discussed in simulation by Kneist et al.[16], the perineal body is the only structure that protects this area and 
separates these structures from the rectum. This is due to the fact that the prostate must be mobilized from 

Figure 1. Transanal total mesorectal excision purse-string and proctectomy 
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the anterior pelvis for urethral injury to occur. Methods to avoid this in these low dissections are to continue 
the inter-sphincteric dissection as high as possible in an open fashion, to clearly identify the prostate 
either endoscopically or in an open fashion, and finally when entering the plane anteriorly, to allow for 
pneumodissection as this plane will open up once it has been entered. Extreme anterior angles of the port 
should also be avoided to lessen the risk of this devastating injury.

A brief summary of the steps required for TaTME are demostrated in Table 1. 

TRAINING AND DEVELOPMENT
As mentioned previously, the technical complexity of TaTME and the occurrence of otherwise rare 
complications should bring pause to any surgeon considering the technique. Proponents of the technique 
have attempted to set a framework had through which TaTME could be widely adopted in a responsible 
manner. This was published by the International TaTME Educational Collaborative in 2013[17]. 

Surgeons seeking to develop this technique should have experience with TAMIS or TEMs, as well as open 
and laparoscopic rectal dissection. It has been suggested a minimum of ten TAMIS or TEMs cases and at 
least twenty rectal dissections have been completed before embarking on this journey, although these are 
guidelines only.

Currently, surgeons are encouraged to participate in one or more multi-day courses that are run at expert 
centers. These involve a structured learning curriculum combining theory sessions, observation of live cases 
and technical simulation with human cadaveric models. Further education is performed through a number 

Table 1. Steps of the transanal total mesorectal excision

Bottom (transanal total mesorectal excision) Top (intraperitoneal)
1. Placement of purse-string suture distal to the tumor.
2. Introduce advanced endoscopic platform transanally.
3. Circumferential full-thickness proctotomy.
4. Distal to proximal dissection within the avascular mesorectal plane.

1.   Complete mobilization of the descending and sigmoid colon.
2.   Splenic flexure mobilization.
3. Inferior mesenteric artery high ligation.
4. Proximal rectal dissection. 

Joint

5. Transection of proximal colon.
6. Securing of proximal anvil and insertion of transanal distal purse string.
7. Passing down of anvil from intraperitoneal to transanal space.
8. Securing of transanal distal purse string.
9. Firing of stapler.
10. Concluding steps (e.g., Leak test, drains, closure) as per conventional technique.

Figure 2. “O” sign. Marked in yellow
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of proctored cases where an expert comes to supervise the operating surgeon. Operating room nursing staff 
have also been encouraged to attend courses to help assist with the implantation of this new technique. 
Concurrently, there is ongoing collection of data via voluntary registries where surgeons self-report their 
own experience. This has led to further education through the presentation of this data, alongside cautionary 
operative videos both at scientific conferences as well as using high quality video streaming.

Although the development of this structured process is to be commended, there are still numerous limitations 
that surgeons should be aware of. Firstly, this model of education has scant evidence to prove its efficacy 
in teaching surgical technique. Secondly, participation in the registries is voluntary without stringent audit 
processes, meaning that the data may not be completely reliable. Thirdly, in the advent of a complication, 
the use of proctoring in a legal setting is unknown. Although a few papers have proposed possible training 
models and conducted preliminary evaluations, these have not had the case volume nor full educational 
assessment or evaluation to make any conclusions on the success or failure of these training models[18-20]. 

The authors would recommend that the adoption of this technique by any colorectal surgeon should be 
implemented within units of colorectal surgeons. No surgeon should look to develop this on their own. Two 
experienced surgeons should be present to form a sounding board for introductory cases. Development 
of local accreditation processes, audit and a willingness to participate in the current registry are seen as 
mandatory. 

A paper published from our institution suggested that the learning curve on CU-SUM using quality of TME, 
negative distal resection margin and circumferential resection margin suggested that the learning curve of 
the case would be approximately 45-51 cases[21].

RESULTS AND DISCUSSION
As transanal TME is an emerging technique, long-term oncologic outcomes are not yet available. A variety 
of series have been published in the literature, using surrogate histopathological parameters such as resection 
margins and completeness of TME specimen as well as commenting on safety and feasibility. 

Numerous papers on oncological outcomes have been released. Perdawood and Al Khefagie[22] compared 
a cohort of twenty-five patients who underwent TaTME and compared them to a case-matched cohort of 
patients who had previously undergone laparoscopic TME. All patients in the TaTME group had specimens 
graded as complete (80%) or nearly complete (20%), whereas 16% of the laparoscopic TME specimens were 
incomplete[22]. Similarly, the rate of positive CRM was higher in the laparoscopic TME group (16%) than the 
TaTME group (4%). There were no differences between the two cohorts in length of circumferential resection 
margin, distal resection margin, number of harvested lymph nodes, tumor status and lymph node status. 
Another comparison between laparoscopic TME and TaTME found a higher quality mesorectum specimen 
grade quality in TaTME (96%) vs. laparoscopic TME (72%)[23]. A meta-analysis of the available data by 
Ma et al.[24] showed that TaTME had a decreased rate of a CRM positivity and a higher rate of complete TME 
grade specimens compared to TaTME[24].

Short-term outcomes for TaTME have been thoroughly examined and reported in several case reports, case 
studies and systematic reviews[24-26]. Although data is limited to observational studies, this newly developed 
technique would appear to be safe and feasible based on these early outcomes. A recent systematic review of 
the published case series posited that the complication rate between TaTME and open or laparoscopic TME 
are similar[24]. Most concerning, however, is the rate of otherwise rare complications such as urethral injury. 
A recent publication from the TaTME registry using a total of 720 cases were analysed comprising 634 
patients with rectal cancer and 86 patients with benign pathology[26]. Five urethral injuries were reported at a 
rate of 0.7%, although this is not a reflection of all TaTME cases done in the world to date. Main risk factors 
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appear to be high BMI and a previously irradiated pelvic field. In females, there is also a risk of vaginal 
injury during the anterior dissection with the subsequent development of a rectovaginal fistula. The same 
registry study reported a 0.3% rate of vaginal perforation.

Long-term functional data is not yet readily available, although some short-term studies have been 
published. Koedam et al.[27] published a prospective quality of life study on thirty patients that showed that 
at 6 months, TaTME and laparoscopic TME had similar postoperative functional outcomes. It must be noted 
that TaTME patients in this study had initial (1 month) significant decrease in quality of life, physical and 
social functioning, fatigue, general experienced pain, anal pain, low anterior resection syndrome and male 
sexual interest which appeared to recover. A second study by Pontallier et al.[28] also showed no functional 
difference in bowel habits or urologic function when TaTME was compared to laparoscopic TME. 

FUTURE DIRECTIONS
The most pertinent piece of missing literature is a randomized control trial. The COLOR III trial is designed 
to fill this gap as a multicenter randomised clinical trial comparing TaTME vs. laparoscopic TME for mid 
and low rectal cancer. Initially, the CRM rate was chosen as primary endpoint within a superiority design[29]; 
however, the trial was subsequently changed to a non-inferiority design with a clinically relevant primary 
endpoint of local recurrence rate. This trial is currently in the recruitment phase. However, publication of the 
recent ALaCaRT (Australasian Laparoscopic Cancer of the Rectum Trial) and ACOSOG (American College 
of Surgeons Oncology Group) Z6051 trials which examined successful achievement of TME both failed to 
show non-inferiority of laparoscopy compared to open surgery place some doubt to the use of laparoscopic 
TME as a gold standard[30,31]. The authors anticipate that due to this, the publication of COLOR III will not 
settle the oncological questions surrounding low rectal cancer surgical technique. Continuing information 
will come from the registry data and other case series, including 5-year oncological data.

Developments in surgical equipment and in technology may fill the gap. Surgeons have started to attempt 
a hybrid between TaTME with a robotics platform either for the transanal or intraperitoneal dissection[32]. 
Of most interest is the use of a flexible TEMs platform which may alleviate the many ergonomic and access 
issues that a single port system such as TAMIS introduces. There have been unpublished reports that 
surgeons have started experimenting with this system in TaTME. 

Further research is needed to define whether TaTME will provide the perioperative, oncological and 
functional outcomes in low rectal cancer surgery. In addition, further development in the education of both 
surgeons and trainees is needed to spread this technique if it does prove valuable. It is likely that rather than 
prove to be a “silver bullet” solution, TaTME will prove another weapon in the armament of the modern 
colorectal surgeon in dealing with low rectal cancer.
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Abstract
Aim: The purpose of this study was to evaluate the clinical feasibility and efficacy of the intracorporeal hemi-hand-sewn 
(IC-HHS) technique for Billroth-I gastroduodenostomy in comparison with extracorporeal total hand-sewn (EC-THS) 
anastomosis. We also examined the size of resected specimens in each procedure. 

Methods: The number of enrolled cases of EC-THS and IC-HHS anastomosis groups were 85 and 110 cases, respectively. 
Perioperative data and the measured sizes of resected specimens were analyzed. 

Results: Operation time in the IC-HHS group was significantly longer than the EC-THS group (234.8 min vs.  275.0 min, 
P  < 0.01), whereas intraoperative blood loss was less in the IC-HHS group (48.4 mL vs.  25.4 mL, P  = 0.03). There were 
no procedure-related complications in the IC-HHS group. The greater curvature of the EC-THS group was significantly 
shorter than the IC-HHS group (214.6 mm vs.  228.7 mm, P  < 0.01). There was no correlation between body mass index 
(BMI) and the length of the greater curvature in the IC-HHS group (r  = 0.07, P  = 0.47), but in the EC-THS group, the 
length of the greater curvature tends to shorten as BMI increases (r  = -0.45, P  < 0.01). 

Conclusion: IC-HHS technique for Billroth-I gastroduodenostomy revealed feasible with acceptable operation time and 
postoperative outcome. Another advantage of total laparoscopic distal gastrectomy that intracorporeal transection can 
facilitate is to ensure an adequate proximal margin, especially in obese middle gastric cancer patients.

http://crossmark.crossref.org/dialog/?doi=10.20517/2574-1225.2018.69&domain=pdf
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INTRODUCTION
Since the first laparoscopic gastrectomy was described in 1992[1], the safety and feasibility of laparoscopic 
gastrectomy have already been demonstrated in the treatment of early gastric cancer[2,3] and several 
advantages of laparoscopic gastrectomy were reported in comparison with open gastrectomy, such as 
postoperative recovery and shorter hospital stay[4,5]. Due to being less invasive, laparoscopic gastrectomy 
was successfully performed in elderly patients and obese patients with an acceptable complication rate and 
prognosis[6-9].

The reconstruction methods after distal gastrectomy are represented by Billroth-I (B-I), Billroth-II, and 
Roux-en-Y method. Among them, B-I gastroduodenostomy is the most widely practiced procedure in 
the world. Due to the fact that the procedure is relatively simple and does not require an anatomical 
replacement of the digestive tract below the transverse colon[10]. Moreover, it provides a physiologic flow of 
food contents through the duodenum and decreases the possibility of metabolic problems and nutritional 
deficiency[11] while postoperative observation of the ampulla of Vater can be carried out reliably and easily. 
When laparoscopic gastrectomies were first introduced, because of the technical challenges of achieving 
an intracorporeal B-I reconstruction, most surgeons preferred laparoscopy-assisted approach with mini-
laparotomy[12,13]. In laparoscopy-assisted distal gastrectomy (LADG), gastroduodenostomy as well as gastric 
transection was also performed through a small laparotomy. Therefore, especially in obese patients with 
thick abdominal walls, it was difficult to pull out the stomach enough to secure an appropriate resection 
range and to perform safe anastomosis through the small laparotomy. 

Recently, several techniques of intracorporeal reconstruction have been developed. Currently, many gastric 
surgeons are attempting to perform total laparoscopic gastrectomy with intracorporal reconstruction 
because it offers a good operative field regardless of the patient’s figure[14]. Furthermore, the transection 
level of the stomach can be reliably determined by the intraoperative endoscope in a natural anatomical 
position without deformation.

In our hospital, we have performed LADG with extracorporeal total hand-sewn (EC-THS) gastroduodenostomy 
through mini-laparotomy until October 2013[15]. Since intracorporeal delta-shaped (IC-DS) gastroduodenostomy 
was introduced, this method became the most widely implemented intracorporeal anastomotic 
technique, especially in eastern countries[16-18]. However, several concerns have been reported, such as 
anatomical twisting, excessive tension caused by side-to-side anastomosis, duodenal ischemia due to 
duodenal dissection and preservation, and shortened distal surgical margin. In 2013, as the method of 
total laparoscopic distal gastrectomy, we devised a new reconstruction method to create end-to-end 
gastroduodenostomy, in which the posterior wall of the anastomosis was constructed with a linear stapler 
and subsequently, the anterior wall was sutured with an intracorporeal hand-sewn technique, and reported 
as intracorporeal “hemi-hand-sewn (HHS) technique”[19]. 

The purpose of this study was to evaluate the feasibility and efficacy of IC-HHS technique for end-to-end 
B-I gastroduodenostomy after laparoscopic distal gastrectomy in comparison with conventional EC-THS 
anastomosis in LADG. In addition, we assumed that there was a possibility that the range of resection 
might be smaller in laparoscopy-assisted approach in obese patients, but the difference of resection range 
between the extracorporeal transection and intracorporeal procedure were not reported. Therefore, we 
evaluated the size of resected specimen and analyzed the differences of the resection range between each 
procedure.
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METHODS
Lymph node dissection
Under general anesthesia, the patient was placed in a modified lithotomy position and subjected to a 
head-up tilt with the semiboot foot holder: Levitator (Mizuho, Tokyo, Japan). We used a 10-mm, 3D 
flexible laparoscope; ENDOEYE FLEX 3D® (Olympus Medical, Tokyo, Japan). The operator performed all 
procedures standing between the patient’s legs. We applied a 4 port-laparoscopic distal gastrectomy with 
dual stomach-lifting technique (DSLT)[15]. The trocar placement and stomach lifting positions are shown in 
Figure 1. The stomach and duodenum were not transected before completion of the lymph node dissection.

Gastric resection and EC-THS gastroduodenostomy in LADG
Endoscopic clips were preoperatively placed on the proximal site 1 cm from the tumor along the 
longitudinal axis of the stomach. In the EC-THS group, the mobilized stomach was pulled out via Lap 
Protector® (Hakko, Nagano, Japan) attached to a 5-cm epigastric mini-laparotomy. After confirmation 
of clips by palpation, the distal stomach was divided from the greater curvature side by a linear stapler 
extracorporeally. Then staple line of the remnant stomach was reinforced by continuous seromuscular 
suturing with 3-0 coated braided synthetic absorbable suture: Vicryl® (Ethicon, Somerville, NJ, USA) 
from the lesser curvature. Then posterior sero-muscular suturing between the remnant stomach and 
the duodenum were performed with 3-0 coated braided nylon suture: Bear Braid® (Bear Medic Co., 
Tokyo, Japan). After ligation, the duodenum was divided by electric scalpel and the distal gastrectomy 
was completed. When the proximal edge of the tumor was close to the resection margin, frozen-section 
examination was performed to confirm the absence of any microscopic invasion. Subsequently, whole-
layer continuous sutures of the posterior and anterior wall were performed with 3-0 Vicryl. Finally, 2-layer 
gastroduodenostomy was completed after sero-muscular suture with 3-0 Bear Braid.

Gastric resection and IC-HHS gastroduodenostomy in TLDG
Preoperative endoscopic marking was done with the same maneuver as LADG. Lymph node dissection was 
also performed with DSLT. Details of surgical procedures and the IC-HHS technique were summarized in 
the attached video [Video 1].
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Figure 1. The trocar placement and stomach lifting positions for dual stomach-lifting technique in total laparoscopic distal gastrectomy. 
All trocars are 12 mm. A and C are used by the operator and D by the assistant. A flexible laparoscope is inserted through B. The nylon 
threads for stomach lifting are pulled out from the star marks



Endoscopic observation to the duodenum prior to resection made it possible to prevent spillage of 
gastrointestinal contents during anastomosis. After completion of lymph node dissection, the duodenum 
was divided with an endoscopic linear stapler: Echelon® 60-3.5 (Ethicon Endo-Surgery, Cincinnati, OH, 
USA) without duodenal twisting. Transection of the stomach was also performed using endoscopic linear 
staplers twice under intraoperative gastroscopic navigation (in middle third gastric cancer cases). Then the 
resected specimen was retrieved via Lap Protector® (Hakko, Nagano, Japan) attached to a 3-cm incision 
at the umbilical port. After the macroscopic evaluation, a frozen-section examination was performed if 
needed.

Full-thickness posterior wall anastomosis
After retrieval of the resected stomach, a plate platform: E-Z access® (Hakko) was attached to the wound 
protector and pneumoperitoneum was restarted, then an intracorporeal anastomosis was performed. First, 
removal of a small part of the staple using Sonicbeat® (OLYMPUS, Tokyo, Japan) at 5 cm from the greater 
curvature of the remnant stomach was completed to confirm anastomotic diameter. Then the staple line of 
the remnant stomach was reinforced by continuous seromuscular suturing with 3-0 Vicryl from the lesser 
curvature to the defect of the staple. Sero-muscular stay sutures with 3-0 Bear Braid were placed at both 
the lesser and greater curvatures between the remnant stomach and the duodenum. An entry hole was 
made by piercing the active blade of Sonicbeat at the greater curvature of the stomach wall, then a tissue 
pad of Sonicbeat was put into the stomach cavity and the anterior wall was incised toward the staple defect. 
A similar entry hole was made at the greater curvature of the duodenal wall and the anterior wall of the 
duodenum was incised toward the lesser curvature side. The assistant grasped two stay sutures ligated at 
the excessive tissues and lifted them up vertically. Then the posterior wall of the remnant stomach and the 
duodenum were approximated by Echelon 60-3.5 inserted from the umbilical port. During closure of the 
stapler forks, it was carefully confirmed that there was no excessive pinching of the anterior wall from left 
and right lateral abdominal trocars. The endoscopic linear stapler was fired to excise the excessive gastric 
and duodenal tissues and simultaneously the posterior wall anastomosis was constructed. Then the staple 
line was observed to confirm that there was no bleeding or pinching of the anterior wall [Figure 2A-G].

Full-thickness anterior wall anastomosis 
Subsequently, a full-thickness, continuous suture of the anterior wall was performed with 3-0 Vicryl. The 
first suture was started at the lower edge of the posterior wall and the first knot was developed inside the 
lumen involving the staple edge. Next suturing was made from the duodenal mucosa to the serosal side and 
after 5 over and over suturings, the Vicryl was locked. Using another 20 cm Vicryl, continuous suturing 
was started from the upper edge of the staple line of the posterior wall anastomosis. Continuous suturing 
was carried out with an over and over technique and when the two sutures met each other, each end was 
ligated intracorporeally to finish the full-thickness anterior wall anastomosis [Figure 2H].

Sero-muscular inverting anterior wall anastomosis
Afterwards, interrupted sero-muscular layer suturing of the anterior wall was performed with 3-0 Bear 
Braid for complete inverting anastomosis [Figure 2I]. The first suture at the lesser curvature involved three 
points, the anterior and posterior wall of the remnant stomach and the duodenal wall. Approximately 
10 sero-muscular sutures were required for inverting gastroduodenostomy. Then, an intracorporeal B-I 
gastroduodenostomy by HHS technique was completed, which was almost the same shape as a hand-
sewn inverting anastomosis by open surgery or EC-THS reconstruction. In the case with intraoperative 
endoscopy, the anastomotic site was observed after the completion of reconstruction [Figure 3].

Patient evaluation
Total laparoscopic gastrectomy with IC-HHS technique was introduced since November 2013. A total of 
452 patients who underwent surgery for gastric cancer in our hospital and related institutions between 
September 2008 and December 2017 were identified. All patients underwent multi-detector-row computed 
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tomography scans and upper endoscopy to determine the location and clinical stage of gastric cancer. 
Adenocarcinoma of the stomach was histologically proven for all patients. Open gastrectomy was 
performed in 229 patients, while 223 patients underwent laparoscopic gastrectomy. In this study, 21 total 
gastrectomy cases and 3 proximal gastrectomy cases were excluded. Laparoscopic distal gastrectomy 
was performed in 199 cases. Among them, 3 patients underwent concurrent colectomy and 1 case with 
concurrent nephrectomy were also excluded. A total of 195 patients were enrolled into the retrospective 
study [Figure 4]. All patients gave their written informed consent for laparoscopic procedures. This study 
protocol was approved by the institutional ethics committee. Demographic characteristics such as age, sex, 
body mass index (BMI), ASA score, site of the lesion, history of abdominal surgery, and anticoagulant use, 
were retrospectively extracted from the database.

Surgical outcome and postoperative complications
Operation time, blood loss, extent of lymph node dissection, number of harvested lymph nodes, 
pathological stage, perioperative complications, length of hospital stay after surgery, and type of 
reconstruction were retrieved from the database. Postoperative complications were graded according to 
the Clavien-Dindo classification[20]. Delayed gastric emptying was defined as an emptying disturbance 

Figure 2. Intracorporeal hemi-hand-sewn Billroth-I anastomosis. After having confirmed approximately 5 cm away from the edge of 
the greater curvature for anastomosis, the remaining staple line is reinforced by continuous suture (A); sero-muscular stay sutures are 
placed between the remnant stomach and the duodenum (B); the anterior wall of the remnant stomach is incised (C); subsequently, the 
anterior wall of the duodenum is also incised (D); the posterior wall of the remnant stomach and the duodenum is brought together with 
the Echelon 60-3.5 from the umbilical port: laparoscopic view from the stomach side (E) and from the duodenal side (F); full thickness of 
posterior wall anastomosis is completed (G); then a whole-layer approximation is accomplished by continuous suture with an absorbable 
thread (H); finally, an anterior sero-muscular suture is completed by interrupted sutures (I)

A B C

D E F

G H I
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requiring starvation for more than three days, excluding the cases where anastomotic stenosis or 
mechanical bowel obstruction was confirmed by radiographic or endoscopic examination.

Evaluation of resected specimen
The resected stomach was incised and opened according to the rule of Japanese classification of gastric 
carcinoma[21] and then was placed on the flat board. After stretching the stomach wall sufficiently, we fixed 
the edges of the stomach to the board with stainless steel pins. In addition to measuring the size of the 
tumor, we also measured the length of the greater curvature, lesser curvature, duodenum, proximal margin 
and distal margin. Where the staple line was removed, a length of 3 mm was added to each as a measured 
value. Histological data were retrieved from the database based on the 14th version of the staging system of 
Japanese Gastric Cancer Association[21].

Statistical analysis
Clinicopathological data and perioperative results were statistically compared between the EC-THS group 
and the IC-HHS group. The length of each part of the resected specimen was also analyzed. Continuous 
data was analyzed with the Student’s t-test. The Fisher’s exact test or Chi-square test were used for 
comparison of categorical values. Pearson linear regression analyses were conducted to correlate BMI and 
the length of the greater curvature of resected stomach. A two-sided P value < 0.05 was considered to be 
statistically significant. 

RESULTS
Patient characteristics
The number of cases of the EC-THS and IC-HHS groups were 85 and 110 cases, respectively. The 195 
patients had an average age of 71.0 years (range, 38-93 years). The average BMI was 23.1 (range 17.0-34.0 kg/m2). 
As for the location of the tumors, 142 cases were in the middle third of the stomach and 53 cases was in the 
lower third of the stomach, 5 of them showed duodenal infiltration to the pyloric ring [Table 1]. 

Surgical outcome
Total laparoscopic or laparoscopy-assisted distal gastrectomies were successfully accomplished in all 
patients (195 patients). D2 lymph node dissection was performed more frequently in the IC-HHS group 
(12.7%) compared to the EC-THS group (1.2%) (P < 0.01). The proportion of concurrent cholecystectomy 
was higher in the IC-HHS group, but there was no significant difference (P = 0.21). Operation time in the 
IC-HHS group required an average of 275.0 min, which was significantly longer than the 234.8 min in 
the EC-THS group (P < 0.01). The amount of intraoperative blood loss was less in IC-HHS group (25.4 mL 
vs. 44.0 mL, P = 0.03). The subgroup analysis in D1+ cases revealed similar results; the average operation 

Figure 3. Intraoperative endoscopic finding after completion of gastroduodenostomy by intracorporeal hemi-hand-sewn technique. The 
suture line of the posterior wall by linear stapler (white arrow) and hand-sewn suture line of the anterior wall (black arrow)
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time was longer in the IC-HHS group (276.4 min) than in the EC-THS group (234.6 min) (P = 0.04) and 
intraoperative blood loss was smaller in IC-HHS group (26.3 mL) compared to EC-THS group (48.9 mL) 
(P < 0.01). R0 resection was achieved in all patients with free surgical margin defined by pathological 
examination.

Postoperative outcome
Surgical site infection was observed at the epigastric wound in the EC-THS group (5 cases) and at the 
umbilical wound in the IC-HHS group (1 case). Laparoscopic cholecystectomy was required in one case 
of the IC-HHS group due to necrotic cholecystitis resistant to conservative treatment on day 9 after 
gastrectomy. One case of delayed gastric emptying was observed in the EC-THS group. The frequency of 
intra-abdominal abscess or pancreatic fistula development in the EC-THS and IC-HHS group were 3.5% 
and 1.8%, respectively and they were all cured by administration of antibiotics. One case of postoperative 
pneumonia in the EC-THS group was also successfully treated by antibiotics.

Evaluation of resected specimen
Table 2 shows the measured length of each part of the resected specimens. The greater curvature of the IC-
HHS group was significantly longer than that of EC-THS group (214.6 vs. 228.7 mm, P < 0.01). The length of 
the lesser curvature and the duodenum were not significantly different. There was no correlation between 
BMI and the length of the greater curvature in the IC-HHS group (r = 0.03, P = 0.47), while in the EC-HS 
group, the length of the greater curvature weakly correlated with BMI (r = -0.44, P < 0.01). The length of 
the great curvature of the resected stomach tends to be shorter as BMI increases [Figure 5A and B].

DISCUSSION
This study found that the IC-HHS technique for laparoscopic B-I gastroduodenostomy was successfully 
accomplished in all 110 cases without any procedure-specific complications, indicating its technical 
feasibility. The average operation time was about 40 min longer than EC-THS reconstruction. The similar 
difference in the subgroup analysis in D1+ cases suggested that the extended operation time was due to 
the difference in the anastomotic procedures. Anastomotic leakage and stricture were not observed in our 
experiences. 

Figure 4. Flow chart for the current study detailing inclusion and exclusion criteria; HHS: hemi-hand-sewn
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Though a B-I gastroduodenostomy requires only one anastomosis, it is difficult to perform through a small 
laparotomy in obese patients. The degree of difficulty is greatly affected by the patient’s figure. On the 

Table 1. Demographic characteristics, perioperative details, and pathological outcome of gastric cancer patients

Variable
EC-THS (n  = 85) IC-HHS (n  = 110)

P  value
Mean ± SD Range Mean ± SD Range

Backgrounds

  Age, mean ± SD (y.o.) 70.7 ± 9.5 44-88 71.2 ± 10.2 38-93 P  = 0.68

  Sex, No. (%)

    Male 58 (68.2%) 77 (70.0%) P  = 0.79

    Female 27 (31.8%) 33 (30.0%)

  BMI, mean ± SD (kg/m2) 23.5 ± 3.3 19-31 22.7 ± 3.5 17-34 P  = 0.17

  ASA classification, No. (%) 

    I 17 (20.0%) 18 (16.4%) P  = 0.57

    II 55 (64.7%) 74 (67.3%)

    III 13 (15.3%) 18 (16.4%)

  Location, No. (%)

    Upper stomach 0 (0.0%) 0 (0.0%) P  = 0.21

    Middle stomach 58 (68.2%) 84 (76.4%)

    Lower stomach 27 (31.8%) 26 (23.6%)

    Lower stomach (D+) 2 (1.8%) 3 (2.7%)

  Prior abdominal surgery, No. (%)

    Yes 23 (27.1%) 20 (18.2%) P  = 0.14

    No 62 (72.9%) 90 (81.8%)

  Anticoagulant use, No. (%)

    Yes 17 (20.0%) 21 (19.1%) P  = 0.87

    No 68 (80.0%) 89 (80.9%)

Perioperative details

  Lymph node dissection, No. (%)

    D1+ 84 (98.8%) 96 (87.3%) P  < 0.01

    D2 1 (1.2%) 14 (12.7%)

  Operation time, mean ± SD (min) 234.8 ± 29.6 175-302 275.0 ± 34.7 230-411 P  < 0.01

  Blood loss, mean ± SD (mL) 48.4 ± 39.6 5-180 25.4 ± 32.6 3-140 P  = 0.03

  Cholecystectomy, No. (%) 8 (9.4%) 17 (15.6%) P  = 0.21

  Complications, C-D grade No. (%)

    Grade I 5 (5.9%) 1 (0.9%)

    Grade II 4 (4.7%) 2 (1.8%)

    Grade IIIa 0 (0.0%) 0 (0.0%)

    Grade IIIc 0 (0.0%) 1 (0.9%)

  LOHS, mean ± SD (day) 14.6 ± 3.8 5-23 13.3 ± 4.8 7-34 P  = 0.04

Pathological outcomes

  T stage, No. (%)

    Mucosa 47 (55.3%) 64 (58.2%) P  = 0.83

    Submucosa 24 (28.2%) 27 (24.5%)

    Muscularis propria 8 (9.4%) 8 (7.3%)

    Subserosa 6 (7.1%) 11 (10.0%)

  N stage, No. (%)

    0 83 (97.6%) 105 (95.5%) P  = 0.43

    1 (1-3) 2 (2.4%) 5 (4.5%)

  Lymph node yield, mean ± SD (No.) 30.8 ± 10.2 11-59 29.4 ± 9.8 11-59 P  = 0.34

  Pathological stage, No. (%)

    IA 67 (78.8%) 90 (81.8%) P  = 0.75

    IB 11 (12.9%) 8 (7.3%)

    IIA 6 (7.1%) 6 (5.5%)

    IIB 1 (1.2%) 6 (5.5%)

EC-THS: extracorporeal-total hand-sewn group; IC-HHS: intracorporeal-hemi-hand-sewn group; SD: standard deviation; BMI: body mass 
index; ASA score: American Society of Anthologist score; C-D grade: Clavien-Dindo classification grade; LOHS: post-operative length of 
hospital stay
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other hand, intracorporeal B-I reconstruction by means of open surgery requires considerable advanced 
technical skill. Therefore, several procedures for B-I intracorporeal gastroduodenostomies specific to 
laparoscopic surgery have been reported, such as IC-DS gastroduodenostomy[16], triangulation stapling 
technique[22], book binding technique[23,24], overlap method[25], and double-stapling technique with circular 
stapler. Sufficient blood supply of digestive tracts, absence of excessive tension, well-apposed tissues at the 
anastomotic site, and appropriate anastomotic techniques are critically important factors for successful and 
safe anastomosis. In terms of blood supply and tension between the reconstructing digestive tract, hemi-
double stapling technique with circular stapler is the best procedure for gastroduodenostomy[26]. However, 

Figure 5. Simple linear regression analyses between BMI and the length of the greater curvature of resected stomach. The length of the 
greater curvature weakly correlated with BMI in the extracorporeal total hand-sewn group (A); while there was no correlation between 
BMI and length of the greater curvature in the intracorporeal hemi-hand-sewn group (B)

Table 2. Size of resected specimen

EC-THS (n  = 85) IC-HHS (n  = 110) P  value
Maximum tumor, mean ± SD (mm) 31.6 ± 15.5 35.6 ± 28.1 P  = 0.20

Greater curvature, mean ± SD (mm) 214.6 ± 21.7 228.7 ± 19.7 P  < 0.01

Lesser curvature, mean ± SD (mm) 148.7 ± 17.6 149.2 ± 18.3 P  = 0.50

Duodenum, mean ± SD (mm) 14.7 ± 3.6 14.1 ± 4.0 P  = 0.22

Proximal margin, mean ± SD (mm) 53.4 ± 32.4 54.1 ± 32.5 P  = 0.88

Distal margin, mean ± SD (mm) 77.1 ± 35.7 78.5 ± 39.8 P  = 0.87

SD: standard deviation; EC-THS: extracorporeal-total hand-sewn group; IC-HHS: intracorporeal-hemi-hand-sewn group
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it is difficult to keep a sufficient operative field for safe intracorporeal anastomosis. Currently, IC-DS 
anastomosis has been widely performed in East Asian countries[14,16]. Shorter operation time and superior 
short-term surgical outcomes were reported in comparison with the other methods[27,28], however, some 
concerns were reported. First, due to anatomical twisting from the IC-DS method, it is relatively difficult 
for inexperienced surgeons to understand deviated anatomy. Second, a IC-DS gastroduodenostomy is 
a functional end-to-end anastomosis, but is an anatomical side-to-side anastomosis, more tension is 
generated compared to anatomical end-to-end anastomosis[23]. Moreover, additional duodenal dissection 
and formation of the triangular area of the duodenal wall might be responsible for the ischemic status, 
which is one of the most significant risk factors of anastomotic failure. Technically, a skillful assistant is 
desirable for cooperative work when inserting a stapler during IC-DS gastroduodenostomy. Okabe et al.[29] 
reported two cases of duodenal injury during IC-DS gastroduodenostomies and they had to change the 
reconstruction method. 

On the other hand, other anastomotic procedures using intracorporeal hand-sewn techniques were 
reported[30-32]. Takiguchi et al.[30] performed a total laparoscopic method by performing Billroth-I hand-
sewn anastomosis and reported excellent postoperative recovery. In attempting to intracorporeal 
anastomosis, we initially applied total hand-sewn Albert-Leinbert anastomosis which was a promising 
and stable anastomotic method in open surgery after thorough training and since 2012. Total hand-sewn 
Albert-Leinbert anastomosis was performed in 19 patients. Although there was no major problem in 
their postoperative course, it took an average of nearly 100 min longer compared to the EC-THS method. 
Then, we devised a new reconstruction method to create end-to-end gastroduodenostomy, in which the 
posterior wall of the anastomosis was constructed with a linear stapler and subsequently, the anterior 
wall was sutured by an intracorporeal hand-sewn technique. We previously reported this procedure as a 
“HHS technique” in 2013[19]. Koeda and colleagues reported similar technique as a hybrid technique using 
linear staplers and manual suturing in 19 pylorus-preserving gastrectomy cases with good postoperative 
results[33]. 

There are some reports using a barbed suture in order to facilitate intracorporeal suturing, however, 
complications following the use of this unique suture have been reported in several other surgeries[34-36]. 
The most commonly encountered complication with the use of barbed sutures was postoperative bowel 
obstruction. In terms of its intended shape, a barbed suture develops irreversible tension created during the 
suturing. Therefore, excessive traction narrows the anastomotic lumen, which can also cause postoperative 
stricture. Therefore, we used absorbable blade for continuous Albert suturing and nylon blade for 
interrupted Leinbert suturing, as were adopted to conventional open surgery. 

Although single layer continuous anastomosis could simplify the procedure and shorten operation 
time, we performed two-layer anastomosis. In bariatric surgery, staple-line reinforcement was strongly 
recommended for laparoscopic sleeve gastrectomy to decrease complications[37]. Also, it was reported that 
laparoscopic reinforcement with Lembert’s sutures of a duodenal stump could help to avoid duodenal 
stump leakage in Rou-en Y reconstruction[38,39]. We applied a two-layer technique with interrupted 
inverting sutures for the intracorporeal gastroduodenostomy. Due to the fact laparoscopic surgery has 
been developed as a minimally invasive surgery, once postoperative complications arise, the disadvantages 
incurred by patients are greater than that of conventional laparotomy surgery. Reconstruction can 
be done without hand suturing by other anastomotic techniques in most cases, however, there are no 
reports showing the result of delta-shaped anastomosis in open gastrectomy even at medical facility that 
introduced IC-DS anastomosis as the standard procedure. This does not mean that delta anastomosis is the 
best anastomotic method but may indicate that it is a complementary procedure during the development 
of laparoscopic surgery. We believe that acquisition of intracorporeal suturing skills are still important and 
the ideal reconstruction methods established in the long history of open surgery deserved to be reproduced 
as much as possible in laparoscopic surgery. IC-HHS anastomosis requires an advanced suturing technique 
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and longer operation time, but we believe it is undesirable to give too much priority to shortening 
operation time. Completing a straight suture line in gastroduodenostomy at the co-axial position is a great 
opportunity to acquire basic intracorporeal suturing technique and the acquired technique will be useful 
in unexpected difficult situations, such as unintended bowel injury.

In LADG, extracorporeal stomach transection with a linear stapler is performed from the greater 
curvature and it is sometimes difficult to ensure an optimal proximal margin in obese patients with 
middle third gastric cancer. When the patient has a thick abdominal wall, it is necessary to pull out the 
stomach with considerable traction however there is an absolute limitation to our ability. At the beginning 
of the totally laparoscopic distal gastrectomy (TLDG), there were some concerns about the difficulty of 
locating the tumor and securing the resection margin as a technical limitation. However, with the routine 
intraoperative endoscopy, it has become possible to decide the transection line more reliably. Although 
there were some reports analyzing the data of proximal and distal resection margin[40-43], the difference 
of the resected specimen between extracorporeal and intracorporeal approach had not been discussed. 
Therefore, we conducted an evaluation of the size of the resected specimen in this study. The result of our 
study revealed that the length of the greater curvature of the resected stomach was shorter in the EC-THS 
group compared to the IC-HHS group. In the EC-THS group, the length of the greater curvature tended to 
shorten as BMI increases. Resectable range of the proximal stomach might be limited in the EC-THS group 
as the degree of obesity increases. On the other hand, with regard to the transection at the lesser curvature 
side, it is possible to insert the tip of the linear stapler near the esophago-gastric junction. We supposed 
that this was the reason why there was no difference in the length of the resected lesser curvature. Despite 
of the higher proportion of middle third gastric cancer in the IC-HHS group, there was no difference in the 
proximal margin between the two groups. The intracorporeal procedure was superior not only in terms of 
intracorporeal reconstruction but also of intracorporeal transection, because it was possible to determine 
a more reliable transection level of the stomach to secure an optimal surgical margin. As described 
above, the extracorporeal anastomosis through a small incision sometimes requires excessive traction 
on the organs and increases intraoperative manipulation, especially in obese patients. The excessive 
traction of the organs in a narrow operative field sometimes causes unexpected vessel injuries in a blind 
spot. Additionally, although we carefully confirmed that there was no bleeding before making a small 
laparotomy, unexpected bleeding due to congestion of the stomach was often experienced at the time when 
the stomach was pulled out from the small laparotomy. This might cause the difference of intraoperative 
blood loss. In total laparoscopic gastrectomy, wide and anatomically undeviated surgical field minimizes 
unintended surgical trauma.

In conclusion, the IC-HHS technique for end-to-end Bi-I gastroduodenostomy revealed feasible with 
acceptable operation time and postoperative outcome. The DSLT and IC-HHS techniques allowed the 
operator to perform all procedures from initial skin incision to wound closure at the co-axial position 
without changing position. Although IC-HHS anastomosis requires an advanced suturing technique, we 
believe that it is necessary to keep basic training for intracorporeal suturing in addition to using automatic 
suturing equipment. Resectable range of the stomach was limited as the BMI increases in extracorporeal 
stomach transection. Intracorporeal stomach transection is desirable especially in obese patients. The 
advantage of TLDG has been reported providing a safe operative field during the reconstruction regardless 
of patient’s figure. Additionally, the results of this study demonstrated another advantage of TLDG. It 
means that intracorporeal gastric resection makes it possible to perform safe gastric transection at a more 
proximal site in obese middle third gastric cancer patients without unexpected tissue damage.
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Abstract
Ablative techniques (AT) offer a combination of nephron-sparing and minimally invasive approaches. AT include 
different options and cryoablation (CA) and radiofrequency ablation (RFA) have been relatively safe and traditionally can 
be either performed laparoscopically or percutaneously. CA and RFA have emerged as a leading option for renal ablation, 
and compared with surgical techniques they offer benefits in preserving renal function with fewer complications, shorter 
hospitalization times, and allow for quicker convalescence. A mature dataset exists at this time, with intermediate and 
long-term follow up data available. Generally, laparoscopic access was the first technique used in the past, and typically 
for anterior and lateral mass. Afterwards, with the improvements in imaging and percutaneous techniques, laparoscopic 
approaches are progressively decreased and currently limited in few lesions and in relation with the surgeon’s and 
center’s experience. Nevertheless, laparoscopic CA and RFA could be useful techniques and currently, recommendations 
as a first-line therapy are made at this time in limited populations, including elderly patients, patients with multiple 
comorbidities, and those with imperative indications of a nephron sparing surgery. As more data emerge on oncologic 
efficacy, and technical experience continue to improve, the application of AT will likely be extended in future treatment 
guidelines and laparoscopic approaches will be a valid option in the era of tailored therapy.

Keywords: Laparoscopic kidney cryoablation, small renal masses, laparoscopic ablative techniques

INTRODUCTION
Although surgery remains the definitive recommended treatment of small renal masses (SRM), ablative 
techniques (AT) have emerged recently, particularly for tumors < 4 cm, and for those patients who 
cannot undergo surgery or with imperative indications of nephron sparing surgery (NSS). AT included: 
cryoablation (CA), radiofrequency ablation (RFA), microwave ablation, laser thermal ablation, and high-
intensity focused ultrasound. Historically CA and RFA have been introduced first worldwide, and recently 
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longer-term outcomes for these techniques have become available[1-5]. They can be performed either 
laparoscopically or percutaneously with good results in spite of higher reported recurrence and retreatment 
rates when compared to partial nephrectomy (PN)[6,7]. 

Historically laparoscopic cryoablation (LCA) has been the most popular approach for performing renal 
CA[8,9]. Conversely, laparoscopic techniques for RFA have been used less in favor of percutaneous RFA, 
successfully performed under ultrasound, CT, or MRI guidance[10].

Anyway, over the years, also LCA have seen gradual decrease in utilization as image-guided techniques 
have improved greatly and currently American Urological Association (AUA) guidelines recommend also 
percutaneous cryoablation (PCA) as the best possible choice[11,12]. 

In this review, we focused on LCA in relation to its major diffusion and availability worldwide, particularly 
with SRMs with diameter > 3 cm in comparison to RFA ablation.

CRYOBIOLOGY AND AVAILABLE SYSTEMS
The principles of cryotherapy, including the mechanism of cell injury and cell death, have been well 
studied[13-15]. The main mechanism of cryo-toxicity is the induction of coagulative necrosis in targeted areas. 
The key factors involved in freezing injury include direct mechanical shock, osmotic shock, and cellular 
hypoxia. Mechanism of action includes protein denaturation via dehydration, transfer of water from the 
intracellular space to the extracellular space, rupture of cell membranes from ice crystal expansion, a toxic 
concentration of cellular constituents, thermal shock from rapid super-cooling, slow thawing, vascular 
stasis, and increased apoptosis. The delayed or indirect destructive effects of cryotherapy continue primarily 
because of vasculature disruption, resulting in tissue hypoxia and vascular thrombosis[16].

Stephenson started the first cases of LCA in a canine model and the transition to the second and the third 
generation of cryoprobes have permitted the use of ultra-thin probes, leading to rapid diffusion of the 
technique[17].

Currently, the available cryogenic systems, that use pressurized argon gas as the source of freezing, are: 
the SeedNet® System, the Visual-ICE® System (Galil Medical Inc., BTG, UK) and the CRYOcareTM System 
(Endocare Inc., USA). These systems are used to create a conformal freezing pattern up to 25-17 gauge 
(2.4-1.47 mm) cryoprobe.

ADVANTAGES AND DISADVANTAGES OF LCA
Currently, considerations such as tumor location and complexity as well as patient morbidity must be made 
when selecting a modality and approach. With initial experience, LCA was utilized primarily for anteriorly 
and laterally located tumors, and PCA was the method of choice for posterior tumors[18].

The main advantages of LCA are[19]: (1) placement of probes under direct visualization; (2) real-time US-
guided placement of probes and monitoring of procedure (freezing and tissue viability); (3) easier treatment 
of anterior or hilar tumors; (4) major ability to displace colon or other organs or nearby structures whenever 
necessary for a safer ablation.

However, increasing experience during the last two decades has demonstrated that although technically 
challenging, also anterior tumors can be successfully treated via the percutaneous route, often with 
adjunctive displacement maneuvers[20].
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Hence, the main disadvantages of LCA are[21]: (1) general anesthesia is required (it is not an outpatient 
procedure); (2) a higher rate of complication in comparison to PCA; (3) less rate of pain control and worst 
cosmetic in comparison to PCA; (4) higher cost rate in comparison to PCA.

PATIENT SELECTION AND INDICATION FOR LCA
The indications for LCA procedure are the same of all ablative techniques and limited to patients with 
contraindications to surgical extirpative therapy for comorbidities, advanced age, imperative indications for 
NSS or have a strong preference for nonsurgical management[1]. 

Currently, the 2017 AUA guidelines recommend consideration of ablation as an alternative to PN for cT1a 
renal lesions less than 3 cm in size[12]. Otherwise, the European Association of Urology guidelines do not 
recommend an upper limit of diameter[1]. Today there are data supporting CA for cT1b lesions, but in view 
of higher recurrence rate and complications should be reserved for patients with imperative indications[22].

The location of the mass is a major factor in determining if the mass should be ablated laparoscopically or 
percutaneously, but the most important factor is the surgeons’ experience.

PROCEDURE AND TECHNIQUES 
A transperitoneal approach is generally used for anterior and anteromedial tumors, whereas a retroperitoneal 
approach permits access to posterior and posterolateral tumors[23,24].

Effective cryosurgical tissue injury depends on: (1) excellent monitoring of the process; (2) fast cooling to a 
lethal temperature; (3) slow thawing; (4) repetition of the freeze-thaw cycle (2 times); (5) freeze cycle length 
of 8-10 min is commonplace in literature; (6) thaw cycle at least 5-8 min. 

Critical factors of the procedure are: (1) placement of the cryoneedles; (2) reach and center a lethal 
temperature in the central part of the lesion with an ice ball margin of at least 5 mm to avoid a residual or an 
untreated tumor[25]; (3) iceball imaging as mentioned above.

Key factors to obtain specific success of LCA: (1) take your time to make a better exposure of the renal lesion: 
the real key is finding the better position for the cryoneedles; (2) triangle disposition of the cryoneedles 
by putting the different probes at least 10 mm of distance each other; (3) the using of hemostatic agents to 
prevent or treat bleeding; (4) high experience of the surgeon in NSS: in some rare case, it could be necessary 
to put sutures.

The number and size of the cryoprobes placed depends on the size and configuration of the mass. Generally, 
one probe is needed for each centimeter of tumor diameter to be treated. Recently, the use of multiple 
smaller probe has increased the variety and size of tumors that can be treated. When mobilization of the 
kidney is feasible, US probes are placed on the contralateral side of the kidney for visualization. Attention 
should be reserved for relative warming of the ablation zone by large central vessels: the thermal sink effect 
might be a limit to achieve the lethal temperature.

Laparoscopic cryoablation
Pneumoperitoneum and trocars placement
General anesthesia is required. The patient is placed in a standard f lank position. Pneumoperitoneum 
is usually achieved in two ways: using the open Hasson technique or by placing a Veress needle in the 
umbilicus of the patient who have not had previous abdominal surgery or in the upper quadrant (left 
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or right). Therefore, at least 3 trocars are placed as for laparoscopic nephrectomy. An extra 5 mm port is 
inserted as per requirement for suction or retraction.

Renal dissection and US
Visceral rotation and reflection of the colon is performed, with a gently kidney mobilization and exposition. 
Generally, the fat overlying the lesion should be removed, and the tumor region should be carefully 
dissected. Intraoperative US is performed through the 12-mm trocar. The renal blood vessels are carefully 
dissected and secured using vessel-loop. Therefore, a Tru-Cut needle biopsy is performed. 

Cryoprobes placement
Under US evaluation a 1.5-1.7 mm cryoprobe is inserted into the mass transabdominally through a skin 
puncture and placed into the lesion. The probe is anchored by freezing the tumor 1-2 mm from the probe 
[Figures 1 and 2]. Generally, a triangulation of one or two additional probes around the first probe could be 
performed in relation to the size of the lesion. The “killing zone” temperature must be -20 °C or below.

CA cycles are performed as usual, monitored by the US [Figure 3]. At the end of the second cycles the 
needles are gently removed [Figure 4] and hemostatic agents such as fibrin glue (FloSeal - Baxter, Illinois, 
USA) is then applied to the site. The Gerota’s fascia is closed and a non-suction drain is put into the 
peritoneal cavity. All ports are closed in the usual fashion.

DISCUSSION
CA and RFA could be an available treatment option for SRMs in selected patients. Quality of the available 
data and lack of level I evidence do not allow definitive conclusions regarding morbidity and oncological 

Figure 1. Ultrasound evaluation of the lesion

Figure 2. Under ultrasound evaluation a 1.5 cryoprobe is inserted into the mass
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outcomes of CA and RFA. Generally, low-quality studies suggest a higher local recurrence rate for thermal 
ablation therapies compared to PN. Nevertheless, in currently comparative series no significant differences 
were reported for OS, CSS, or RFS between RFA and CA[1]. Considering PN as a comparator, recently a 
meta-analysis reported similar complication rates and postoperative functional outcomes between RFA and 
PN[26]. The local tumor recurrence rate was higher in the RFA group than in the PN group but there was no 
difference regarding the occurrence of distant metastasis. Although the majority of series are retrospective 
and with different follow-ups, recent studies with a long-term follow-up showed that no statistical difference 
was found in the 5-year OS, CCS, DFS, and local RFS of RCC patients between RFA treatment and PN 
treatment [Table 1][27]. Johnson et al.[28] presented data of SRMs with a diameter less than 3 cm with a 
median follow up of more than 6 years and a subgroup of patients with a minimum 10-year follow up with 
imaging. The 6-year disease-free recurrence rate of 89% is consistent with the prior published data. This 
data could suggest that for lesions less than 3 cm RFA oncologic outcomes were similar to efficacy rates of 
extirpative surgery[28]. Regarding CA different studies compared open, laparoscopic or robotic PN with PCA 
or LCA [Table 2]. Oncological outcomes were mixed, not all studies reported all outcomes listed, and some 
were small and included benign tumors. Globally no study showed an oncological benefit for cryoablation 
over PN.

Overall, studies comparing renal function before and after CA and PN suggest a degree of functional decline 
following CA similar to PN. However, in most cases, this is not clinically significant because baseline 
characteristics of lesions, function and the patient’s comorbidities were different. No significant difference 

Figure 3. First freezing cycle

Figure 4. Under ultrasound evaluation the needle is carefully removed

Silvestri et al. Mini-invasive Surg 2019;3:5  I  http://dx.doi.org/10.20517/2574-1225.2018.67                                      Page 5 of 11



was found between LCA and PCA in renal function outcomes in the two largest comparative studies 
published so far[29-31].

The reported overall rates of complications for CA procedures range from 7.8% to 20%[30]. The overall 
published complication rates for PCA (7.8%-12.9%) were lower than the rates for LCA (15%-20%)[30,32]. 

Table 1. Contemporary comparative series comparing radiofrequency with partial nephrectomy and/or radical nephrectomy 
with oncological outcomes

Author Year End point Therapy Number of
patients

Study 
design

Follow up
(months) Outcomes

Arnoux et al .[43] 2013 Survival, recurrence,
complications

RFA
PN

36 
14

Prospective 22
22

No recurrences in RFA and 
PN
No other oncological 
outcomes

Bensalah et al .[44] 2007 Survival, recurrence,
complications

RFA
PN

46 
56

Retrospective Mean 15 97% RFS, 100% CSS

Bird et al .[45] 2009 Survival, recurrence,
complications, renal
function

RFA
PN

36
33

Retrospective 12
27

No recurrences
No deaths

Chang et al .[46] 2015 Survival, recurrence,
complications, renal
function

RFA
PN

53
53

Retrospective 68
69

No recurrences
No deaths

Chang et al .[47] 2015 Survival, recurrence,
complications, renal
function

RFA
PN

64
57

Retrospective 66
70
5-year 
outcome

85.5%, 92.6%, 81.0% 
(OS, CSS, DFS)
96.6%, 96.6%, 89.7% 
(OS, CSS, DFS) 

Ji et al .[48] 2016 Recurrence,
complications

RFA
PN

105
74

Retrospective 78
82
5-year 
outcome

93.3%, 98.0%, 97.1% 
(OS, CSS, DFS)
94.6%, 98.5%, 97.3% 
(OS, CSS, DFS)

Kim et al .[49] 2015 Survival, recurrence,
complications,
renal function

RFA
PN

27
27

Retrospective 17
11

1 recurrence 
2 recurrence

Liu et al .[50] 2017 Survival, recurrence,
complications,
renal function

RFA
PN

93
120

Prospective 
database

78 84.9%, 82.8% (OS, DFS)
88.3%, 88.8% (OS, DFS)
Differences > in lesions 
> 4 cm

Lucas et al .[51] 2008 Recurrence,
renal function

RFA
PN
RN

86
85
71

Retrospective 40
44
26

6 recurrence
2 recurrence
0 recurrence

Olweny et al .[52] 2012 Recurrence RFA
PN

37
37

Prospective 78
73
5-year

97.2%, 89.2%, 97%, 91.7% 
(OS, DFS, CSS, local RFS)
100%, 89.2%, 100%, 94.6% 
(OS, DFS, CSS, local RFS)

Pantelidou et 
al .[53]

2016 Recurrence RFA
PN (robotic)

63
63

Retrospective 48
18

6 Local recurrence, 3 Met
1 Local Recurrence, 1 Met
DFS was not significantly 
different between the two 
groups (HR = 0.84, 95%Cl: 
0.19-3.4; P  = 0.80

Raman et al .[54] 2010 Recurrence, renal 
function

RFA
PN

47
42

Retrospective 18
30

5 recurrence
3 recurrence

Stern et al .[55] 2007 Recurrence, 
complications

RFA
PN

40
37

Retrospective - 2 recurrence, 93.4% (DFS)
1 recurrence, 95.8% (DFS)

Sung et al .[56] 2012 Recurrence,
complications,
renal function

RFA
PN

40
110

Prospective 37
37
3-year

94.7% (RFS)
98.9% (RFS)

Takaki et al .[57] 2010 Recurrence,
complications,
renal function

RFA
PN
RN

51
10

Retrospective 34
26
40
5-year

75.0%, 100%, 98.0% 
(OS, RCC-rS, DFS)
100%, 100%, 75.0% 
(OS, RCC-rS, DFS)
100%, 100%, 95.0% 
(OS, RCC-rS, DFS)

RFA: radiofrequency; PN: partial nephrectomy; RN: radical nephrectomy; OS: overall survival; CSS: cancer-specific survival; DFS: disease-
free survival; RFS: recurrence-free survival; RCC: renal cell carcinoma; RCC-rS: renal cell carcinoma-related survival
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RFA seems to be no different in Clavien complication rate in comparison to CA, however, Goel et al.[33] 
founded a lower rate of complication for CA compared with RFA, probably because the freezing-induced 
injury is less destructive than heat-induced one[33,34]. Generally, the most common complications during the 
procedure or post-operative are bleeding and rupture of the iceball. 

There is no consensus on the definition of recurrence after treatments for SRM and particularly after AT. 
Local recurrences mostly occur at the site of the primary treatment within the kidney. Conversely, extra-
renal local recurrences are rare[35,36]. Today, most analyses have shown lower specific cancer mortality for 
PN compared to non-surgical treatments. In general, local recurrence rates after CA are higher than after 
surgery (2%-11% vs. 1%-2%)[37,38].

Ideally, histopathological confirmation and re-biopsy of previously treated lesions would improve data of 
recurrent or residual disease. Conversely, in the literature, the majority of reports relied on radiographic 
evidence of enhancement to define both residual and recurrent disease. PCA had a higher rate of residual 
disease/primary treatment failure in comparison to LCA: PCA residual disease seems to be more frequent 
and to occur earlier than LCA, even if the length of follow-up between groups is difference (approximately 
14 months longer for LCA)[29].

Zargar et al.[30] found no significant difference in OS or RFS at 5 years between PCA and LCA. Conversely, 
in other studies seems that a lower rate of patients in the LCA group experienced a local recurrence as 
compared with the rate of PCA group[30].

Factors that might have contributed to the differences in residual and recurrent disease between PCA and 
LCA are the size of the lesion, the anatomical location, and the probe size and number (in LCA tendency to 
use wider probes).

Table 2. Contemporary comparative series comparing cryoablation with different nephron sparing treatment options with 
oncological outcomes

Author Year End point Therapy Number of
patients Study design Follow up

(months) Outcomes

Kim et al .[58] 2014 Survival, recurrence,
complications, renal 
function

PCA
LCA

118
145

Prospective 
evaluation

38
71.4

17%, 86.3%, 86.3% 
(RR, OS, RFS)
23%, 79.3%, 85.5% 
(RR, OS, RFS)

El Dib et al .[59] 2012 Survival, recurrence,
complications

CA
RFA

457
426

Retrospective 17.9
18.1

89% CE
90% CE

Atwell et al .[60] 2013 Survival, recurrence,
complications, 

PCA
RFA

163
222

Retrospective 1.8
36 (mean)

2.8%, 95.6% (RR, RFS)
3.2%, 97-2% (RR, RFS)

Tanagho et al .[61] 2013 Survival, recurrence,
complications, renal
function

LCA/PCA
RPN

267
233

Retrospective 39.8
21.9

12.7%, 83.1%, 96.4%, 
77.1% (RR, DFS, CSS, OS)
0%, 100%, 100%, 91.7% 
(RR, DFS, CSS, OS)

Guillotreau et al .[62] 2012 Survival, recurrence,
complications, renal
function

RPN
LCA

210
226

Retrospective 4.8
44.5 (mean)

0% (RR)
11% (RR)

Klatte et al .[63]

(meta-analysis) 
2014 Recurrence,

complications
LCA
LPN/RPN

- Retrospective - 9.4% vs.  0.4%

Metastasis
4.4% vs.  0.4%

Thompson et al .[64] 2015 Survival, recurrence,
complications,
renal function

CA
RFA
PN

187
180
1,057

Retrospective 1.9
3.6
60

3%, 98%, 100%, 88%
(RR, RFS, MSF, OS)
5%, 98%, 93%, 82%
(RR, RFS, MSF, OS)
36%, 98%, 99%, 95%
(RR, RFS, MSF, OS)

RFA: radiofrequency; PN: partial nephrectomy; RN: radical nephrectomy; LCA: laparoscopic cryoablation; PCA: percutaneous cryoablation; 
RPN: robotic partial nephrectomy; LPN: laparoscopic partial nephrectomy; CE: cancer extirpation rate; RR: recurrence rate; OS: overall 
survival; CSS: cancer-specific survival; DFS: disease-free survival; MSF: metastasis-free survival; RFS: recurrence-free survival
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To date, cost issues have not played a major role in driving decisions among treatment options. However, 
as health care expenses continue to rise, cost concerns are likely to play an ever-increasing role. Different 
studies have assessed cost, but their results differ based on some key postulated differences such as the 
period of observation, the definition of success and complication rates, different health-care systems, and 
also whether those with benign biopsies should be treated or followed up.

Chang et al.[39] analyzed the cost-effectiveness of all NSS options for SRMs and concluded that for healthier 
younger patients (aged 65 years with a < 2 cm lesion or aged 75 years with a 3-4 cm lesion), immediate 
surgery represents the optimal NSS option with the best incremental cost-effectiveness ratio. Surveillance 
with possible delayed PCA was a cost-effective option for older patients or those with increased perioperative 
mortality risk. Observation represented the best strategy for patients who are poor surgical candidates 
and who had a life expectancy < 3 year. It is worth noting that laparoscopic AT was not cost effective in 
any scenario regardless of age, comorbidities, and tumor size[39]. Bhan et al.[40], comparing RFA, CA, and 
observation for the treatment of SRMs, established that active surveillance with no initial biopsy and with 
subsequent PCA in case of disease progression was more cost-effective than immediate CA with or without 
biopsy and other observation options. They found that in terms of cost-effectiveness, all CA techniques were 
superior to RFA procedures owing to higher rates of retreatment for RFA[40]. Reporting direct comparative 
costs of LCA and PCA, LCA was significantly more expensive than PCA (3.5 times on average)[41]. However, 
these values need to be adjusted for patient and tumor characteristics to better gauge the cost incurred 
by each approach. Ideally, we have to consider also the cost of readmission, ongoing surveillance, and 
retreatment into the analysis.

Furthermore, Link et al.[42] analyzed the cost-effectiveness of different treatment options, particularly 
comparative analysis between PCA and laparoscopic treatment options. The PCA was 2.2-2.7 times less 
costly than the other options and resulted in a cost savings of $3625 to $5155 per case. For Open PN, 
Laparoscopic PN, and LCA, the operative time and hospitalization accounted for 69%-91% of the cost. The 
Laparoscopic PN and LCA were cost advantageous over PCA only when more than five cryoprobes were 
used during the percutaneous procedure[42].

CONCLUSION
AT seems to be a valid treatment option that could reduce complications and general impairment of classical 
surgical procedures. Finding the perfect candidate for AT is challenging due to the lack of objective criteria 
in the literature and of standardized techniques. Notably, the percutaneous approach seems to have lower 
complications rate than laparoscopic approach, especially in CA, and it can offer shorter hospital stay and 
faster recovery, which can be particularly appealing in an era of cost restriction in healthcare. Afterward, 
in the era of a multidisciplinary approach and tailored therapy, LCA could be a useful instrument to 
manage lesions for which PCA might have a failure or could be difficult and unfeasible. Hence, LCA should 
be collocated in a middle position for the management of SRM between PCA and NSS. Nevertheless, the 
application of this approach is dictated by the available technology and specific expertise of each center.
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Abstract
Aim: It is unclear whether elderly patients with advanced gastric cancer can benefit from laparoscopic gastrectomy. This 
study aimed to compare the surgical and early postoperative outcomes of laparoscopic distal gastrectomy with those of 
open distal gastrectomy for advanced gastric cancer in elderly patients aged 75 years or older. 

Methods: We retrospectively examined all elderly patients who underwent laparoscopic distal gastrectomy or open 
distal gastrectomy from October 2010 to October 2017 using prospectively collected data. Operative results, hospital 
courses, and survival rates were compared between the two groups. 

Results: Distal gastrectomy was performed in 60 patients, laparoscopically in 20 and through open surgery in 40. 
The laparoscopic group had significantly lesser intraoperative blood loss (100 mL vs.  300 mL; P  < 0.001) and shorter 
mean postoperative hospital stays (12 days vs.  23 days; P  < 0.001). The overall 3-year survival rate was 50.1% in the 
laparoscopic group and 41.7% in the open group (P  = 0.531). 

Conclusion: Laparoscopic distal gastrectomy led to a faster return to a full diet and a shorter postoperative hospital stay 
in our study, and it was well tolerated by elderly patients with advanced gastric cancer.

Keywords: Aging, gastrectomy, gastric cancer, laparoscopy



INTRODUCTION
In Japan, the 2017 Annual Health, Labour and Welfare Report defined an “elderly” or older person as an 
individual aged 75 years or older. The average age of the population and the number of elderly patients 
have been increasing worldwide, particularly in developing countries[1]. Elderly patients usually have 
various comorbidities such as cardiovascular diseases[2,3] and decreased respiratory function, making them 
unsuitable for surgery. Age exceeding 70 years is an independent predictor of increased postoperative 
complications, in-hospital mortality, and longer hospital stays[4-6].

The advantages of laparoscopic surgery demonstrated by several reports include a decreased morbidity 
rate, decreased pain, and faster recovery[7-9]. It is important to determine whether elderly patients with 
advanced gastric cancer can benefit from laparoscopic surgery. However, few studies on laparoscopic distal 
gastrectomy (LDG) in elderly patients, especially those with advanced gastric cancer, have been reported. 
Therefore, it is necessary to study the safety, efficacy, and outcomes of LDG in elderly patients with 
advanced gastric cancer. Although several studies have reported the safety and benefits of laparoscopic 
surgery for gastric cancer in the elderly, most authors preferred to compare the findings in the elderly 
with those in younger patients[10,11]. These researchers could not illustrate that the laparoscopic surgery for 
gastric cancer in elderly patients were more effective and safe than traditional open surgery. Therefore, the 
present study aimed to compare the surgical and early postoperative outcomes of LDG with those of open 
distal gastrectomy (ODG) for advanced gastric cancer in patients age 75 years or older.

METHODS
We identified 60 patients aged 75 years or older[12] who underwent LDG or ODG for advanced primary 
gastric cancer at the Department of Surgery of Bell Land General Hospital from October 2010 to October 
2017. The patients were retrospectively selected from a prospectively collected database and divided into 
two groups based on the operative approach: the LDG group and the ODG control group. 

Exclusion criteria included urgent or emergent procedures and operations other than distal gastrectomy, 
such as total or proximal gastrectomy. Preoperative diagnosis was made by upper endoscopy with tumor 
biopsy, and clinical staging was performed with abdominopelvic computed tomography. Tumors were 
staged according to the Japanese Classification of Gastric Carcinoma[12].

In this study, laparoscopic surgery was performed by three surgeons who were proven experts in their 
field as defined by the Japan Society for Endoscopic Surgery. Two of the three surgeons are experts in 
laparoscopic gastrectomy. The indications for LDG and ODG were the same: clinically diagnosed gastric 
cancer without distant metastasis and lymph node involvement in the extraperigastric area. The patients 
were fully informed of their diagnoses and briefed on whether they would undergo LDG or ODG. The 
choice of LDG or ODG was decided upon by the patient and the attending surgeon after discussing both 
approaches. Written informed consent was obtained from all patients before the operation. 

Data on several factors, including preoperative patient baseline parameters, perioperative variables, 
postoperative outcomes, and pathologic results, were collected for analysis. The preoperative parameters 
analyzed were age, sex, body mass index (BMI), American Society of Anesthesiology (ASA) classification, 
previous abdominal surgery, and comorbidities, which were assessed using the Charlson Comorbidity 
Index (CCI)[13]. Perioperative variables analyzed included the mode of anastomosis, length of the operation, 
estimated blood loss, time to first oral diet, and duration of postoperative hospital stay. Postoperative 
outcomes included postoperative complications, 30-day mortality, and recurrences. Postoperative 
complications, such as anastomotic leakage and pancreatic fistula, were classified based on the Clavien-
Dindo classification[14]. In addition, postoperative complications such as pneumonia and delirium, which 
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are especially critical in elderly patients, were included in the analysis. 

This study was approved by the institutional review board of the Bell Land General Hospital. The study 
protocol conformed to the principles set in the Declaration of Helsinki and its later amendments.

All statistical analysis were performed with EZR (Saitama Medical Center, Jichi Medical University; http://
www.jichi.ac.jp/saitama-sct/SaitamaHP.files/statmedEN.html; Kand, 2012), which is a graphical user 
interface for R (version 2.13.0; The R Foundation for Statistical Computing, Vienna, Austria)[15].

The characteristics of both groups were compared using the chi-squared and Mann-Whitney U tests. The 
postoperative survival was analyzed using Kaplan-Meier survival curves and compared with the log-rank 
test. Significance was established at P < 0.05. As the number of patients older than 75 years are low, the 
sample size of the present study was small. Therefore, we used non-parametric statistical methods.

RESULTS
Patient characteristics
Patient characteristics are shown in Table 1. There were 20 patients in the LDG group and 40 in the ODG 
group with mean ages of 81.0 ± 5.0 and 81.4 ± 3.9 years, respectively. No significant differences were 
observed in terms of sex, BMI, ASA classification, previous surgery, or CCI. Since decreased respiratory 
function is a major risk factor for postoperative pulmonary complications in the elderly, previous studies 
commonly assessed the predicted functional expiratory volume in 1 s, predicted vital capacity, or arterial 
oxygen saturation[16,17]. In this study, we used the Hugh-Jones classification to assess respiratory function[18], 
and no differences were observed between the two groups. The prevalence of comorbidity was high in both 
groups; only 25.0% of the patients in the LDG group (n = 5) and 15.0% of those in the ODG group (n = 6) 
had no preoperative comorbidity (CCI = 0). 

The surgical procedure and early surgical outcomes are summarized in Table 2. A Billroth I anastomosis 
was performed in 12 patients in the LDG group and in 18 in the ODG group, while a Roux-en-Y 
anastomosis was performed in 8 and 20 patients, respectively. The remaining patients in the ODG group 
underwent a Billroth II anastomosis. There were no conversions to open surgery in the LDG group. D2 
lymph node dissection was performed in 15 patients in the LDG group and in 26 patients in the ODG 
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Table 1. Patient demographics of the LDG group and ODG group

Variable LDG group (n  = 20) ODG group (n  = 40) P  value
Age (years)
Sex, F/M
BMI
ASA
   1
   2
   3
Hugh-Jones classification
   1
   2
   3
   4
Previous surgeries
CCI
   0
   1
   2
   3
   4

81.0 ± 5.0
5/15
22.3 ± 3.4

2
15
3

12
7
1
0
9

5
7
7
1
0

81.4 ± 3.9
13/27
21.4 ± 3.0

3
25
12

13
16
9
2
9

6
10
16
6
2

0.289
1
0.289
0.551

0.117

0.134
0.566

ASA: American Society of Anesthesiology; BMI: body mass index; CCI: Charlson comorbidity index; LDG: laparoscopic distal gastrectomy; 
ODG: open distal gastrectomy



group. There was a significant reduction in the estimated blood loss in the LDG group compared with that 
in the ODG group (P < 0.001). The time to first oral diet was significantly shorter in the LDG group than in 
the ODG group (P = 0.00185). 

Postoperative hospital stay was significantly shorter in the LDG group than in the ODG group (P < 0.001). 
The clinical pathway was used after gastrectomy in the hospital.

Postoperative complications
Postoperative complications occurred in 8 patients (40.0%) in the LDG group and in 24 patients (60.0%) in 
the ODG group (P = 0.176). In terms of abdominal complications, only the rate of paralytic ileus, defined 
as bowel obstruction treated by a long nasogastric tube, was significantly lower in the LDG group (P = 
0.040). No significant differences were found in the rates of other complications [Table 3]. Pneumonia 
occurred in 3 patients in the ODG group, but it did not occur in the LDG group (P = 0.544). Postoperative 
complications included all grades of Clavien-Dindo classification. A total of 4 patients (10.0%) in the ODG 
group died within 30 days due to postoperative complications: pneumonia in 2, anastomotic leakage in 1, 
and remnant stomach necrosis in 1. In the LDG group, only 1 patient died of enteritis due to methicillin-
resistant Staphylococcus aureus on postoperative day 7.

Pathological results
Table 4 describes the pathological findings in the 2 groups. No significant differences were noted in terms 
of depth of invasion, nodal catalog, and pathological stage. Stage 4 disease was observed in 1 patient in 
the LDG group and in 6 patients in the ODG group. Curative surgery was not performed in 7 patients: 
1 patient who had liver metastasis (LDG group), 4 patients who had dissemination (ODG group), and 2 
patients who had liver metastases (ODG group). No significant differences were found in terms of tumor 
diameter, the mean number of harvested lymph nodes, and the mean number of positive lymph node 
metastases between the two groups.

Prognosis
The LDG and ODG groups did not differ significantly in terms of the pathological stage according to the 
Japanese Classification of Gastric Carcinoma[12]. The median follow-up period in the LDG and ODG groups 
was 11.7 months (range, 0.3-54.8 months), and the 3-year overall survival was 50.1% and 41.7%, respectively 
(P = 0.531) [Figure 1].

DISCUSSION
As life expectancy continues to increase, the number of elderly patients with malignancies and 
concomitant comorbidities has increased as well. The proportion of elderly patients among the total gastric 

Table 2. Surgical and oncological outcomes of the LDG group and ODG group

LDG group (n  = 20) ODG group (n  = 40) P  value
Mode of anastomosis
   Billroth I
   Billroth II
   Roux-en-Y
LN dissection
   D1
   D1+
   D2
Operative time (min)
EBL (mL, range)
Time to first oral diet (days)
Postoperative stay (days, range)
Postoperative metastasis

12
0
8

2
3
15
328 ± 57
100 (0-475)
4.9 ± 2.4
12 (8-39)
3 (15%)

18
2
20

9
5
26
243 ± 57
300 (60-2,464)
8.3 ± 8.1
23 (10-514)
13 (32.5%)

0.473

0.77

< 0.001
< 0.001
0.0185
< 0.001
0.0766

EBL: estimated blood loss; LDG: laparoscopic distal gastrectomy; ODG: open distal gastrectomy
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cancer population is expected to increase gradually over the next few decades. As aging is associated with 
a gradual loss of reserve capacity[19], age exceeding 70 years is an independent risk factor for postoperative 
mortality, complications, and longer hospital stays after gastric cancer surgery[4,5].

According to the Japanese gastric cancer treatment guidelines, laparoscopic surgery is one of the 
most reliable treatments for early gastric cancer[20]. With the increase in the number of laparoscopic 
gastrectomies being performed, elderly patients might benefit from their less invasive nature. However, 
it is important to determine whether these advantages are applicable to elderly patients because the 
carbon dioxide pneumoperitoneum required for laparoscopy may be harmful and the patients’ frequent 
comorbidities and reduced physiological reserves indicate increased risk of postoperative morbidity and 
mortality[21,22]. Limited data exist on the efficacy of laparoscopic gastrectomy in elderly patients, especially 
those with advanced gastric cancer. We performed the current study to compare LDG in elderly patients 
with advanced gastric cancer to ODG and determine its feasibility and efficacy. 

Figure 1. Kaplan-Meier overall survival curves of the LDG group and the ODG group. LDG: laparoscopic distal gastrectomy; ODG: open 
distal gastrectomy

Table 3. Postoperative complications in the LDG group and ODG group

LDG group (n  = 20) ODG group (n  = 40) P  value
Abdominal morbidity1

   Anastomotic leakage
   Pancreatic fistula
   Abdominal abcess
   Anastomotic ulcer
   Wound dehiscence
   Paralytic ileus
Other morbidity1

   Wound infection
   Pneumonia
   Acute cardiac failure
   Delirium
Overall
Mortality

0
3 (15.0%)
1 (5.0%)
2 (10.0%)
0
0

0
0
1 (5.0%)
1 (5.0%)
8 (40.0%)
1 (5.0%)

3 (7.5%)
4 (10.0%)
3 (7.5%)
1 (2.5%)
1 (2.5%)
5 (12.5%)

6 (15.0%)
3 (7.5%)
2 (5.0%)
3 (7.5%)
24 (60.0%)
4 (10.0%)

0.544
0.676
1
0.272
1
0.040

0.083
0.544
1
1
0.176
0.656

1Including overlapping cases. LDG: laparoscopic distal gastrectomy; ODG: open distal gastrectomy
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LDG for advanced gastric cancer was shown to be more effective than open surgery in elderly patients, resulting 
in reduced blood loss, faster first oral diet initiation, and shorter hospital stays. Conversely, the longer operative 
time may lead to a higher rate of morbidity, including delirium, pneumonia, and cardiac failure. Acute cardiac 
failure and pneumonia are the most common minor complications of distal gastrectomy for gastric cancer. 
Some reports have suggested that the adverse cardiopulmonary effects of pneumoperitoneum occur only when 
the intra-abdominal pressure is more than 15 mmHg, while low pressures do not affect cardiopulmonary 
output[23-25]. Therefore, laparoscopic surgery may be safe even in high-risk patients. However, the operative 
time was longer in the LDG group than in the ODG group, and longer operative times are associated with 
postoperative delirium and pneumonia[26]. Our results revealed no significant differences in postoperative 
morbidities, suggesting that high-risk patients, including the elderly may be able to tolerate the prolonged 
laparoscopic operative times. In accordance with previous reports, laparoscopic surgery led to a faster return to 
a full diet and a shorter postoperative hospital stay in our study[27].

In fact, a shorter abdominal incision leads to less pain and, subsequently, earlier ambulation. Early 
ambulation may prevent postoperative delirium as evidenced by the findings of Schweickert et al.[28], who 
found a shorter duration of intensive care unit-associated delirium in patients who received physical and 
occupational therapy. Since postoperative pain is one cause of delirium, less pain after surgery may help 
prevent postoperative delirium[29]. Therefore, it is more important to reduce pain after surgery than to 
shorten operative time, especially in elderly patients. In addition, early ambulation prevents pneumonia 
resulting from atelectasis. Based on these advantages, LDG may provide superior short-term outcomes in 
elderly patients with advanced gastric cancer.

A 2011 report stated that the average life expectancy at 80 years in Japan had increased by 8.39 years in 
men and 11.36 years in women. However, Endo et al.[2] reported that the overall survival of gastric cancer 
patients was longer in the operation group than in the best supportive care group. The oncologic results 
of LDG in elderly patients have not been determined. In a study of the overall gastric cancer patient 
population, Hu et al.[30] reported that the cumulative 3-year overall survival rate after laparoscopy-assisted 
gastrectomy for advanced gastric cancer was 75.3%; in our study, it was 50.1% and 41.7% in the LDG and 

Table 4. Pathological data of the LDG group and ODG group

LDG group (n  = 20) ODG group (n  = 40) P  value
Depth of invasion
   pT1
   pT2
   pT3
   pT4a
   pT4b

0
8
2
9
1

0
6
3
27
4

0.156

Nodal catalog
   pN0
   pN1
   pN2
   pN3a
   pN3b

8
3
5
3
1

11
9
3
10
7

0.215

Stage
   IA
   IB
   IIA
   IIB
   IIIA
   IIIB
   IIIC
   IV

0
4
1
6
3
1
4
1

0
3
4
8
4
4
11
6

0.62

Diameter of tumor (cm)
Number of lymph node removed
Number of positive lymph node metastasis

5.9 ± 2.2
35.5 (14-65)
2 (0-12)

6.1 ± 2.2
33.5 (5-96)
2.5 (0-47)

0.762
0.994
0.213

LDG: laparoscopic distal gastrectomy; ODG: open distal gastrectomy
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ODG groups, respectively, which is lower than the overall rate. This may be because elderly patients have 
concurrent ailments that affect prognosis and survival. Indeed, in the present study, 49 patients (81.7%) had 
preoperative comorbid diseases. Concurrent disease was the cause of death in 2 patients in the LDG group 
and in 4 patients in the ODG group. Since elderly patients are expected to have a shorter residual life span, 
quality of life should also be considered when choosing a surgical procedure[31,32].

The elderly patients in the ODG group were more likely to require inpatient rehabilitation due to their 
diminished mobility and more persistent postoperative wound pain, which seriously hamper the recovery 
of activities of daily living[33]. Prolonged hospitalization after surgery can lead to worse quality of life in 
elderly patients. Several reports have demonstrated that laparoscopic surgery leads to a faster return to a 
full diet and a shorter postoperative hospital stay, as shown in our own study. These data indicate that LDG 
may be superior to conventional open surgery in terms of the length of the hospital stay, even for advanced 
gastric cancer.

Our overall rate of postoperative complications was higher than that in previous studies on the overall 
gastric cancer patient population. Hu et al.[30] reported a postoperative complication rate of 10.2% in 1,184 
patients with advanced gastric cancer. The most common major complication in the LDG group was 
pancreatic fistula, which tends to reflect surgical inexperience and a learning curve[34]. Pancreatic fistulas 
occurred in 3 patients undergoing LDG in 2010, the year we started performing D2 lymphadenectomy. 
As experience accumulates, the incidence rate of major pancreatic fistulas may decrease. Although the 
mortality rate was not significantly different between the 2 groups, 4 deaths occurred in the ODG group, 
suggesting that radical gastrectomy may sometimes be excessively stressful for elderly patients, especially 
those with advanced gastric cancer. Surgery should be performed more meticulously and quickly than 
usual in elderly patients. The choice of surgical procedure in elderly patients with short life expectancies 
must guarantee disease control as well as acceptable short- and long-term survival and quality of life[35].

Our study had some limitations inherent to retrospective and non-randomized studies, where selection 
and observer biases with regard to the operative approach adopted are possible. Furthermore, our study 
was limited by the small number of cases. Surgeons may have encouraged earlier discharge of the patients 
in the LDG group. A high-volume, prospective, and randomized study is needed to confirm our findings.

According to the Japanese gastric cancer treatment guidelines, laparoscopic surgery is one of the most 
reliable treatments for early gastric cancer. It is important to determine whether elderly patients with 
advanced gastric cancer can benefit from laparoscopic surgery. Our results demonstrated that LDG for 
advanced gastric cancer in patients older than 75 years was associated with lesser intraoperative blood loss 
and shorter hospital stays than ODG, with no differences in survival. Patient age alone should not rule out 
the feasibility of either LDG or ODG. 
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Abstract
The laparoscopic gastrectomy (LG) with D2 lymph node dissection (LND) for advanced gastric cancer (AGC) have been 

widely done. However, the applicability to more advanced disease is still under debate. Actually, there are a lot of technical 

demands against D2 LND for AGC, e.g., total omentectomy, splenic hilar node dissection, and the management for bulky 

lymph nodes, etc. Recently, extensive research has been gradually performed in the field of LG for AGC and demonstrated 

that LG for AGC is a safe and feasible procedure with better short-term outcomes compared with open gastrectomy. Also, 

large-scaled phase III trials are ongoing, and their long-term outcomes are awaited the publication in the near future. 

LG with D2 LND by expert surgeons under the cautious indications could be acceptable treatment for locally AGC. On 

the other hand, we should keep searching for solutions to the technical or oncological issues, and long-term outcome of 

phase III study should be warranted for standard treatment. Robotic surgery, LG following neoadjuvant chemotherapy, or 

conversion therapy using LG for several stage IV patients may help us clear the technical hurdles, and may show survival 

advantages in the future.

Keywords: Laparoscopic gastrectomy, advanced gastric cancer, lymph node dissection, distal gastrectomy, total 
gastrectomy

INTRODUCTION
Laparoscopic gastrectomy (LG) for gastric cancer has been popular rapidly with the improvement of 
technique and the progress of surgical devices. In the latest Gastric Cancer Treatment Guidelines 2018 (ver.5) 
published by Japanese Gastric Cancer Association[1], laparoscopic distal gastrectomy (LDG) for clinical 

http://crossmark.crossref.org/dialog/?doi=10.20517/2574-1225.2018.78&domain=pdf


stage I disease is accepted for one of the options in daily clinical practice. Recently, extensive research has 
been gradually performed in the field of LG for advanced gastric cancer (AGC) and demonstrated that LG 
for AGC is a safe and feasible procedure with better short-term outcomes compared with open gastrectomy 
(OG). However, there are few randomized clinical trials (RCT) reporting the long-term outcome of LG for 
AGC previously. Moreover, it also remains controversial whether LG can be performed for AGC from the 
aspect of technical and oncological issues. Clinically, we often encounter the situations that the disease is 
unexpectedly diagnosed with advanced disease in laparoscopic inspection. Moreover, if it comes to that the 
histological examination may reveals serosa invasions or multiple lymph node metastases even if only D1 
or D1+ lymph node dissection (LND) has been done because of the clinical stage I, we are sorry D2 LND 
had not been performed in such cases. So, surgeons must prepare to perform D2 LND in laparoscopic 
gastrectomy and recognize the acceptable indications and limitations for AGC. Now, we summarized the 
main points of surgical procedure of D2 LND and the future perspectives.

PREVIOUS STUDIES ABOUT RADICAL LG FOR AGC
Recently, many retrospective comparative studies and several prospective RCTs have reported that LG 
for AGC was safe and feasible when compared to the short-term and long-term outcomes observed with 
OG[2-13]. Table 1 summarizes these studies about LG for AGC in recent years. Propensity score matching 
analysis (PSM) was often used for comparison the LG and OG groups in some retrospective studies[8,10,12]. 
Especially, some authors demonstrated the technical safety of LDG with D2 LND for locally AGC in the 
multi-institutional, prospective, phase II study[2-5,11]. Moreover, the 3- year or 5-year overall or disease-free 
survival rates have been gradually reported from China, Korea, and Japan[7-13]. Majority of them reported 
that LG is feasible and safe for the treatment of AGC with D2 LND compared with OG, and no significant 
differences were observed in long-term over all survival (OS) and disease free survival (DFS) between 
the LG group and OG group. However, Li et al.[6] suggested higher-level tumor stage may increase the 
operative risk and should be performed with caution by surgeons with considerable experience of LG. Also, 
Lin et al.[8] reported although the OS curve at each stage did not differ significantly, the survival rate 
increased overall for patients with T4aN3bM0 in the OG group. Additionally, because the patient selections 
in their studies are different slightly in each and there is the difference that laparoscopic total gastrectomy 
(LTG) is embedded in the studies or not, we should give the result careful consideration. Collectively, it 
seems that LG with D2 LND could be acceptable treatment for AGC under definite conditions by expert 
surgeons.

CLINICAL INDICATIONS AND LIMITATIONS DEALING WITH LND FOR AGC
Tumor infiltration
Recently, the result of JCOG1001 (UMIN000003688) has been published, which demonstrated no survival 
difference between omentectomy vs. bursectomy for T3/T4 tumors diagnoses with surgical findings in 
OG[14]. Therefore, bursectomy is not recommended as a standard procedure for AGC in Japan. However, 
the significance for omentectomy only does not become clear yet, because it is determined that omentum 
should be resected in both omentectomy group and bursectomy group in JCOG1001 study. Some reports 
indicated that in some metastatic nodes extra-nodal expansion is recognize, which means cancer cell 
spread out of lymph node capsule to adjacent adipose tissue[15,16]. Extra-nodal expansion is pointed out to 
be a poor prognostic factor[15]. Based on these reports, if the prognosis will be improved with omentectomy, 
it is expected to be significant clinically for T4 tumor. Then, omentectomy is performed for patients having 
tumors deeper than T3 in a lot of institutes at the moment. Presently, RCT is scheduled to launch, which 
validate the non-inferiority of omentum-preserving surgery for T3/T4 tumors.

Bulky positive nodes and large primary tumor
Generally, bulky lymph node is, by definition, “one node ≥ 3 cm in diameter” or “nearby more than one 
nodes ≥ 1.5 cm in diameter”, and neoadjuvant chemotherapy (NAC) is often performed in such patients. 
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endoscopic forceps with concerns of spillage of cancer cells. Thus, primary open surgery with D2 LND and 
adjuvant chemotherapy remains the standard treatment for type 4 or large type 3 tumors.

Probably, majority of surgeons will be convinced of the indication of LG about positive nodes and large 
tumor as below: (1) lymph nodes are not bulky; (2) no invasion to other organ or major vessels; (3) tumor 
size is less than 8cm in diameter; and (4) non-type4 tumor. In that context, Okabe et al.[5] disclosed a phase 
II study (KUGC04), which demonstrated safety and efficacy of LG for gastric cancer of clinical stage II or 
higher, including patients with prior chemotherapy, tumors requiring TG, tumors that invaded adjacent 
organs, and patients with bulky nodes metastasis. Solid evidence of the surgical and oncological safety of 
LG for AGC requires performance of a multicenter, prospective study with experienced surgeons.

Splenic hilar dissection for proximal gastric cancer
In Japan, splenic hilar nodes (No.10) have been included within the extent of D2 LND in the treatment 
of proximal AGC for a long time. However, the final result of JCOG 0110 (UMINC000000004) has been 
disclosed, which compared splenectomy vs. non-splenectomy for proximal AGC not invading greater 
curvature line. There was no difference in long-term survival rate. Furthermore, splenectomy was 
associated with increased incidence of morbidity[19]. Therefore, splenectomy is not recommended as a 
standard treatment, except for tumors invading the greater curvature line. Conversely, there is a possibility 
that such tumors invading the greater curvature line or tumors with metastases of splenic hilar lymph 
node may be indicated for splenic hilar dissection. Laparoscopic approach has a great advantage for 
procedures in deep surgical fields around spleen. However, for complicated cases, such as invading the 
splenogastric ligament or the pancreatic tail, there are strong doubts about whether laparoscopic maneuver 
is applicable or not.

THE TECHNICAL TIPS OF LND FOR AGC
Preoperative evaluation
Preoperative esophagogastroduodenoscopy, contrast enhanced computed tomography, and positron 
emission tomography are important for accurate diagnosis on tumor depth, invasion adjacent organs, 
lymph node metastases, or distant metastases. Three-dimensional computed tomography is also helpful to 
recognize the branching of celiac artery or anatomical diversity of the splenic hilar vessels[20].

Positions of trocars
Reverse Trendelenberg position with head elevated about 15-20°. The surgeon stands on the patient’s right 
side, the assistant is on the left side, and the assistant for camera stand between the patient’s legs. A scope 
port is inserted via umbilical mini-laparotomy. For manipulation, 5 mm trocars are inserted on bilateral 
subcostal midclavicular line, and 12 mm trocars are inserted on bilateral lateroabdominal region, which 
arranged in an inverted trapezoidally. Especially, because the raised pancreatic head or vertebral body 
get in the way of dissection in case of dissection around esophagus or deep suprapancreatic lymph node 
dissection, right lateroabdominal trocar should be arranged slightly medially and cranially.

Laparoscopic inspection
At first, it is identified that there is no metastasis on the surface of the liver and peritoneal dissemination in 
the omentum, mesocolon, and mesenterium. Subsequently, intraoperative cytology of ascites in the pelvic 
cavity or peritoneal lavage specimen is examined. If the intraoperative cytology detects free cancer cells, 
it is considered to be “non-curative factor (CY1)”. However, if there is no “non-curative factor” other than 
CY1, it is often recommend now that we should convert LG into OG with D2 LND for standard radical 
surgery and extensive intraoperative peritoneal lavage using a large amount of saline solution.

Dividing the greater omentum and dissection of the gastrosplenic ligament
Omentectomy is performed for almost patients having tumors deeper than T3. Discussion of the greater 
omentum is started near transverse colon. Surgeon’s left forceps and the assistant’s right forceps elevate 
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the greater omentum; moreover, the wide triangulation is formed by the traction of fatty appendices of 
transverse colon with the assistant’s left forceps. The triangulated counter traction makes it possible for 
surgeons to resect the greater omentum. Then, the splenocolic ligament is divided and the root of left 
gastroepiploic artery and vein (LGEAV) are identified in the pancreatic tail. After LGEAV are ligated and 
cut, the gastrosplenic ligament including short gastric artery (SGA) and vein are dissected toward cranial 
side. Surgeon is careful not to injure the branch around the spleen. In the area of superior border of spleen, 
because the operative field often becomes limited by excess fatty tissue, in such occasions the precursor 
cutting of esophagus may be able to show good operative field toward caudal side later. Alternatively the 
approach that goes into the left gastrophrenic ligament can confirm the superior border of spleen and the 
most cranial branch of SGA. Therefore, the mobility of the gastrosplenic ligament is improved by cutting 
the most cranial branch of SGA, and the gastrosplenic ligament is spread like a “screen”. This approach is 
flexible enough to respond to variety of pancreatic tail or splenic hilum[21].

Dissection of infra-pyloric nodes (No.6)
The surgeon moves to the patient’s left side during the dissection of No.6 lymph node station. After the 
omentectomy has been finished close to the hepatic flexure, the layer of “embryologic failure of fusion” 
which consists of the anterior lobe of transverse mesocolon and the anterior pancreatic fascia is dissected 
for the mobilization of transverse colon. Thereby, we are able to finally determine the range to dissect and 
ready to dissect No.6 lymph node station. The inferior limit of infra-pyloric nodes is anterior superior 
pancreaticoduodenal vein (ASPDV) [Figure 1]. The right gastroepiploic vein is clipped and cut at the point 
in which ASPDV flows. Then, the lymph nodes and fat tissue in front of ASPDV is elevated and dissected 
toward descending duodenum. Subsequently, the neural layer around the right gastroepiploic artery 
(RGEA), which is called “outermost layer”, is identified and dissected keeping the layer. Then, the lymphoid 
tissue on the left side of RGEA is softly elevated ventrally. Nerve bundle around RGEA is cut and RGEA 
is clipped and cut. Because the lymphoid tissue around infra-pyloric artery (IPA) remain formed into a 
screen, IPA is cut and lymphoid tissue attaching to duodenum is peeled up. 

Cutting the duodenum
The assistant lift up the posterior wall of the stomach, and the branches of superior duodenal artery is cut 
from dorsal side. Then, the duodenal bulb is stapled and cut. In patients suspected of duodenal invasion of 

Figure 1. We present the boundary of No.6 lymph node station. The operator should identify anterior superior pancreaticoduodenal vein 
(ASPDV) and elevates No.6 lymphoid tissues ventrally and softly. ARCV: accessory right colic vein; GCT: gastrocolic trunk; RGEV: right 
gastroepiploic vein
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gastric cancer, we have to cut the duodenum at the level of superior duodenal angulus. Additionally, the 
staple line of duodenal stump should be reinforced by intracorporeal suture to prevent the duodenal stump 
fistula. Recently, it is reported that the method using barbed suture can be performed in a short operation 
time without any technical difficulties[22].

Dissection of suprapancreatic nodes (No.5, 8a, 9, 12a)
At first, the pancreatic capsule is cut along the lines with superior edge of pancreas from the root of 
gastroduodenal artery to near the root of posterior gastric artery (PGA). The assistant’s right forceps grasps 
the gastropancreatic fold ventrally and the left forceps rotates the pancreas dorsocaudally. There are some 
pancreatic rotating techniques with forceps, gauze, sponge, cotton etc.[23-26], however surgeons should avoid 
the pancreatic injury by delicate compression and coordination with surgeon’s devices. 

Subsequently, the outermost layer existing between nerve plexus around common hepatic artery (CHA) 
and No.8a lymph nodes is probed with dissecting forceps [Figure 2]. The ventral side of CHA, proper 
hepatic artery, and the dorsal side of right gastric artery (RGA) is exposed continuously if the outermost 
layer is kept dissecting. Then, RGA is clipped and cut at the root and No.5 lymph node dissection is 
finished.

Next, if the assistant’s right forceps grasps and tract No.8a ventrally, the assistant’s left forceps and 
the surgeon’s left forceps tracts the nerve plexus around CHA caudally, No.12a lymph node at the 
hepatoduodenal ligament is pulled out and the left wall of portal vein (PV) is exposed dorsalward. Because 
the visual reference of PV determine the dorsal limit of No.12a lymph node dissection, the cranial edge of 
No.12a lymph node is sealed and cut by ultrasonically activated device etc. near hepatic portal region.

Then, the assistant’s right forceps grasps and lifts up the gastropancreatic fold ventrally and straight again, 
and the surgeon’s left forceps grasps and lift up the capsule of dissected lymph nodes. The surgeon keeps 
dissecting from No.8a lymph node to proximal region of splenic artery while he sustains the outermost 
layer. The left gastric vein is clipped and cut along the way and the left outermost layer of left gastric artery 
(LGA) is identified preferentially. Herein, the approach that goes into the left gastrophrenic ligament is also 

Figure 2. We present a scene in suprapancreatic lymph node dissection. The outermost layer existing between nerve plexus around 
common hepatic artery (CHA) and No.8a lymph nodes is traced by white arrowheads. PV: portal vein; PHA: proper hepatic artery
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effective. In other words, the dissection from the left outermost layer of LGA to crura of the diaphragm is 
performed at once. The right outermost layer of LGA is similarly identified, and LGA remain celiac nerves-
covered. Then, LGA and surrounding celiac nerves is double clipped and cut. No.9 lymph node around 
celiac axis is lead to improvement in mobility by dissecting the outermost layer around the celiac and 
hepatic nerves, and No.9 lymph node leading to No.16 (para-aortic nodes) should be clipped at the root to 
prevent lymphorrhea.

Dissection of lymph nodes along splenic artery and splenic hilar nodes (No.11p, 11d, 10)
The most common technical difficulty encountered during LTG with D2 LND is dissection of the lymph 
nodes among splenic artery (SpA) and splenic hilar lymph nodes (No.10, 11p, and 11d). 

At the first setout, the dorsal layer of Toldt’s fusion fascia is dissected widely. The assistant’s left forceps grasps 
connective tissue around SpA and make SpA straight; moreover, the assistant’s right forceps rotates the lower 
edge of pancreatic tail dorsally. Then, we can have visual contact with the dorsal side of the splenic vessels 
[Figure 3], and No.11p and No.11d lymph nodes are dissected toward the root if of LGEAV, which have 
been initially ligated. Hur et al.[27] reported that taping the splenic artery was helpful in dissecting lymph 
nodes No.10 and 11d during spleen- and pancreas-preserving LG. The PGA is clipped and cut along the way 
wherever possible. We should try to preserve the caudal pancreatic artery and vein in the region of pancreatic 
tail. In splenic hilar region, surgeons are careful not to suffer injuries to pancreatic parenchyma hidden behind 
the SpA. Finally, the SGA, which arising from the SpA, is clipped and cut at the root.

Throughout the surgery
The intraoperative characteristics about AGC with metastatic lymph nodes are as below: (1) the Surgical 
field of view is restricted because of the decline of organ mobility; (2) the identification of the dissectable 
layer and vessels is difficult; (3) the oozing derives from the fatty tissue around lymph nodes; (4) the mists 
and fluids, which produced when the energy devices are activated, increase significantly. 

In D2 LND for AGC, making an operating field against the metastatic lymph node and the tumor is the 
first important procedure. We should start dissecting on the normal tissues and keep the dissecting layer 

Figure 3. We present a scene in dissection of lymph nodes along splenic artery (SpA) The assistant’s left forceps grasps connective tissue 
around SpA and make SpA straight. Then, we can have visual contact with the dorsal side of the splenic vessels. SpV: splenic vein
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toward each landmark of surgical scenes, while we try to prevent the organ injury by delicate manipulation. 
For non-touch isolation of the tumor, gauze is frequently used to retract or lift up stomach, and to absorb 
bleeding or lymphatic fluid, which can make dry field. 

FUTURE PERSPECTIVE
Ongoing prospective studies
To provide answers to the extent of laparoscopic LND in AGC, phase III trials to confirm the non-
inferiority of this procedure to open are ongoing. In Japan, the short-term outcome of the randomized 
controlled trial to evaluate laparoscopic vs. open surgery for AGC (JLSSG0901) has been published in the 
30th annual meeting of the Japan Society for Endoscopic Surgery in December 2017, which demonstrated 
no significant differences in grade 3 and higher postoperative complications between two groups (3.1% 
vs. 4.7%)[28]. In China, CLASS-01 (NCT01609309) has been conducted and the short-term outcomes were 
already published, demonstrating no difference between LG and OG (15.2% vs. 12.9%) in morbidity rate[3]. 
The final outcomes, namely 3-year DFS, are awaited the publication before long. In Korea, the short-term 
outcomes of KLASS-02 (NCT01456598) were disclosed in ASCO 2016 meeting[4], which demonstrated less 
complication rate (16.4% vs. 24.3%), less use of analgesics, and faster recovery in LG group. Its primary 
endpoint, or 3-year relapse free survival, will be analyzed also anytime soon. We should wait for the final 
results of these three phase-III trials. Especially, not only long-term survival rate but also difference of 
recurrence pattern should be carefully checked the specific feature in recurrences after LG. Concerning 
LTG, a Korean group has launched multicenter randomized controlled trial for application of LTG with 
LND for gastric cancer (KLASS-06; NCT03385018) in 2018. However, some researchers suggested that LTG 
for AGC should be carried out on a trial basis until the definitive results are available, and surgeons should 
be particularly attentive to No.10 or 11d LND without lessening the quality of LND compared with open 
total gastrectomy[29]. The data from these studies are expected to decide future directions for the indication 
of LG for AGC.

Neo adjuvant chemotherapy
A few phase III trials and retrospective studies have provided supportive evidence that NAC results in 
high compliance, as well as other favorable factors such as high rate of R0 resection and tumor regression, 
which lead to a better prognosis[17,30,31]. There have been many RCT comparing LG with OG as mentioned 
above. However, very few on the comparison between LG + NAC and OG + NAC. Recently, a phase II trial 
to which evaluate the safety and efficacy of LG after NAC for distal advanced gastric cancer and which 
provide theoretical basis for conducting a multicenter phase III verification clinical trial conducted in 
China[32]. Long term follow up and piling up the cases will be necessary in the future.

Conversion surgery
The term “conversion therapy” describes a therapeutic concept in which the treatment strategy is converted 
by chemotherapy to curative surgery through an oncosurgical approach. The terms “conversion surgery” 
or “adjuvant surgery” can be applied to the operations performed for conversion therapy. Yoshida et al.[33] 
proposed that the indications for conversion therapy include patients with marginally resectable metastasis, 
some patients who are incurable and unresectable except certain circumstances of local palliation needs, 
and patients with noncurable metastasis in whom an R0 resection can be expected after a satisfactory 
response to chemotherapy. There were long-term survivors who underwent conversion surgery for such 
patients. The median survival time of the patients who underwent surgical resection was 30.5 months, as 
opposed to those who received chemotherapy alone at 11.3 months[34]. If the feasibility of this concept will 
be estimated in the near future by large-scale retrospective and prospective cohort studies, laparoscopic 
approach may be applied to treatment for minimal invasive surgery.

Robotic surgery
Robotic surgical instruments seem to have potential to cover disadvantages of LG, such as insufficiency 
of forceps’ degree of freedom or surgeons’ physiological tremor at the tip of device[35]. It is suggested by 
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experts that the use of a surgical robot may be beneficial for more complicated procedures, including more 
advanced cancer disease[36]. Although a number of robot-assisted gastrectomy (RAG) are rapidly increasing 
since RAG has been covered by insurance in April 2018 in some limited institutes, several issues remain 
to be solved regarding clinical indication, short- and long-term outcomes, cost- effectiveness, and stress 
of surgeons[37-39]. Recently, Li et al.[40] reported a retrospective PSM analysis that the overall postoperative 
complication rate was 13.4% and 11.6% in the RAG and LG groups, with no significant difference, and the 
3-year OS and recurrence rates of the RAG and LG groups were also comparable (78.6% vs. 74.1%; 18.8% vs. 
21.4%; respectively). Moreover, multicenter prospective study of RAG vs. LG for gastric cancer including 
AGC has been published in 2016, which demonstrated no significant differences between groups were 
noted in overall complication and mortality rates, estimated blood loss, rates of open conversion, diet 
build-up, or length of hospital stay, except for operative time and total costs[41].

Thus, although RAG has evident benefits, it is difficult to assess and compare some advantages at the 
moment with respect to traditional surgery. Larger randomized prospective trials, well-designed cost-
effectiveness analysis, and high-quality comparative-effectiveness research are needed before robotic 
resection can be considered an acceptable alternative for patients with AGC. Probably, the main indication 
for RAG is when it serves as an adjunct to laparoscopic resection in selected patients with local advanced 
tumors requiring a D2 LND.

CONCLUSION
LG with D2 lymph node dissection by expert surgeons under the cautious indications could be acceptable 
treatment for locally AGC. On the other hand, we should keep searching for solutions to the technical or 
oncological issues, and long-term outcome of phase III study should be warranted for standard treatment.
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Rectal cancer is increasingly managed by super-specialist colorectal and oncological teams - this has 
only become possible through the belief and drive of many key figures who often, despite lack of support 
from their peers, persevered in order to define the aspect of care they truly believed beneficial to improve 
outcomes. It is this collective work across decades that has enabled patients to have choice in scenarios that 
were often previously both bleak and debilitating. It is a great honour to act as guest editor for this special 
edition where many of these key international opinion leaders have generously contributed to help coalesce 
the goal for a bespoke approach to rectal cancer.

Tebala et al.[1] discuss the role of enhanced recovery and demonstrate how it can shorten stay and 
potentially reduce complications in this complex set of patients.

Chouhan et al.[2], with input both from the greatly experienced Korean and Australasian teams, have 
discussed in great depth the potential benefits of the robotic platform and even in early trials noted the 
trend to reduced conversion vs. laparoscopic resection in the obese male - as numbers grow this almost 
certainly will become more evident. They liken the robot to an open approach with its wrist movement but 
providing a more magnified view and the benefits of a minimally invasive surgery (MIS) approach. They 
provide some evidence that the robotic approach may improve survival potentially combined with better 
pathological outcomes; these benefits are further reviewed by Chen et al.[3] from Taiwan who found this 
technique safe in low lying rectal cancer.



Yellinek and Wexner[4], writing from the Cleveland clinic, discuss an alternative to the robot, namely 
transanal total mesorectal excision (TaTME), the importance of a registry and training programme though 
conclude that the single port robot may provide a method for better adopting this technique, potentially as 
a combined approach and ongoing trial data is awaited. De Nardi[5] suggests that TaTME has comparable 
functional outcomes compared with the abdominal approach though the COLOR III trial results are 
eagerly awaited to assess this. 

Ishida et al.[6] recognise the difficulty associated with learning reduce port surgery, though again note 
that this technique once mastered may yield benefits in terms reduced operating time over single incision 
laparoscopic surgery, particularly with advancements in needlescopic surgery.

Ambe and Möslein[7] discuss the role of extended resections in certain mutational and hereditary analyses, 
making the point that each case must be considered on its own merits after fully informed discussion with 
patients about the risks and benefits of each approach - this detailed piece provides an up to date review of 
most of the important hereditary and mutational conditions, how they are classified and defined as well as 
many operative illustrations pointing out the various surgical approaches possible.

Kumar[8] looks beyond TME and the role of MIS surgery in exenterative surgery, pelvic lymphadenectomy 
and even abdomino-sacral resection.

Funahashi[9] and colleagues outline their experience in Japanese patients of intersphincteric resection 
in low lying rectal cancer and how it can lead to organ preservation in many without compromising 
pathological outcomes - they notes the improved quality of life after preserving as much of the internal 
anal sphincter as possible.

O’Donohue et al.[10] explore whether laparoscopic rectal surgery is non inferior, particularly assessing the 
COREAN, ALaCaRT and ACOSOG Z6051 trials. The concept of non-inferiority in the short term, vs. 
equivalent long term outcomes should not cloud the picture of the many advantages of an MIS approach, 
that are likely to be borne out with larger population based studies.

Westwood and West[11] emphasise how pathologists enhance feedback and thus quality of rectal cancer 
specimens and thus, patient outcomes. This quality control was largely the work of Quirke, coupled with 
imaging expertise from Brown G working with resection material generated via Heald in TME surgery 
- initially surgeons felt affronted by resections being graded though with importance on outcome, now 
entirely value the essential role of feeding this back via their multidisciplinary teams.

Erkan, Kelly and Monson[12] in Florida review the role of the transanal minimally invasive surgery 
(TAMIS) platform in locally resecting rectal cancer, particularly in T1 lesions or after chemo-radiotherapy 
and more controversially T2/4 lesions even in palliative scenarios - again Adegbola et al.[13] from St Mark’s, 
UK, additionally discuss the role of TAMIS with a robotic platform in exenterative surgery and other 
scenarios - i.e., trying to avoid major resectional surgery altogether.

Myint[14] discusses the alternative of brachytherapy to radical resection and that patients with knowledge of 
this may reject MDT recommendations in favour of a more conservative approach - the OPERA database 
(organ preservation) will help provide useful outcome information in this regard.

All of these articles are well written and many beautifully illustrated, giving a concise appraisal of state of 
the art techniques. Some highlighted above do not take away all the other well-constructed opinion pieces 
that expand on the themes generated through principles of TME surgery and multidisciplinary input into 
this group of patients. 
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Abstract
Laparoscopic liver resection is technically challenging compared to open liver surgery and has a steep learning curve. 

Tumors located in the posterior sector, centrally, in proximity of major vascular pedicles or in a background of liver 

cirrhosis are surgically more complex with a higher risk of blood loss. There is emerging consensus about indications 

for laparoscopic liver resection. While laparoscopic approach is considered standard for left lateral sectionectomy and 

minor laparoscopic liver resections in antero-lateral segments, with increasing experience, major resections, parenchyma 

sparing resections and even donor hepatectomies are being performed laparoscopically with good outcomes. 

Laparoscopic liver surgery is feasible and safe for well selected patients by well-trained surgeons with short-term 

advantages and non-inferior long-term oncologic outcomes.

Keywords: Laparoscopic liver surgery, liver tumors, hepatocellular cancer 

INTRODUCTION
Laparoscopic liver resection (LLR) is performed for benign as well as malignant liver tumors. Its adoption 
has been relatively slow, although the benefits of LLR compared to open liver resection (OLR) are similar 
to other laparoscopic surgeries, such as lesser peri-operative blood loss, shorter hospital stay and fewer 
post-operative complications[1]. The first international consensus conference to define its role was held at 
Louisville (USA) in 2008 where it was suggested that LLR was best suited for solitary lesions smaller than 5 cm in 
diameter, located in the anterior segments of liver, away from the hepatic hilum or the vena cava so that 
an adequate resection margins could be obtained[1]. The conference also recommended creation of an 
international registry for ongoing assessment of outcomes with its increasing adoption by surgeons[1]. More 



recently, the second international consensus conference held at Morioka (Japan) in 2014, recommended 
that minor LLR to be considered as a standard practice and major LLR as an innovative procedure, under 
exploration[2]. The first European Guidelines Meeting on Laparoscopic Liver Surgery at Southampton in 
February 2017 summarized available evidence for LLR for different liver tumors, types of resections and 
clinical situations. Few salient points relevant to this article have been summarized in Table 1[3].

TECHNICAL CHALLENGES IN LAPAROSCOPIC LIVER SURGERY
Detailed understandings of the hilar and segmental anatomy of the liver and adequate experience with 
OLR are pre-requisites for performing LLR[3]. The laparoscopic view is caudo-cranial for hilar dissection 
as well as the parenchymal transection compared to the antero-posterior view in OLR[4]. Liver being a 
heavy and deep seated organ, especially its right lobe, may be difficult to maneuver. Liver tumors most 
often develop in a background of liver cirrhosis with stiff parenchymal tissue and collaterals due to portal 
hypertension, which makes the operation more difficult and increases the risk of bleeding[4]. Tumors 
located in postero-superior or central segments, large tumors and intra-abdominal adhesions secondary 
to previous hepato-pancreato-biliary (HPB) surgeries can further make LLR more difficult[4]. The learning 
curve for LLR is steep requiring about 45 to 60 cases before improvements in operative time, blood loss 
and post-operative complications are apparent[5,6].

TECHNIQUE OF LAPAROSCOPIC LIVER SURGERY
LLR may be performed purely laparoscopic, hand-assisted, using the hybrid technique or by robotic 
assisted approaches[4,5,7,8]. Port placement varies by tumor location, type of resection planned, patient 
positioning and surgeon’s preference[7]. Generally an umbilical port is used for the camera and directed 
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Table 1. Salient features of recommendations by the First European Guidelines Meeting on Laparoscopic Liver Surgery

Indications for LLR Comments
1. CRLM LLR is a valid alternative to OLR in experienced hands for CRLM. As compared to OLR, LLR has better short term 

outcomes and equivalent oncological and long term survival outcomes for CRLM

When feasible parenchyma sparing approach should be adopted during LLR, but it should not lead to alteration in the 
present indications for liver resection in CRLM

Combined liver and colon resection should be adopted in highly selected cases only for CRLM. Timing of colon and 
liver resection in synchronous disease is similar to OLR

2. Benign tumors and 
non-colorectal liver 
metastases

Benign tumors and tumors with malignant potential are suitable for LLR with satisfactory short term post-operative 
outcomes. LLR should not alter the indications for liver resection in such tumors

LLR is an acceptable approach for metastases from neuroendocrine and non-colorectal liver metastases

3. HCC In selected patients LLR offers better short term post-operative outcomes such as decreased morbidity and hospital 
stay without compromising oncological outcomes

Indications LLR are similar to those for OLR in case of HCC. Laparoscopic resection for tumors located in postero-
superior (Segment 1, 4a, 7, 8) segments should be done only at experienced centers

In experienced hands major LLR is appropriate option to OLR in highly selected patients

Outcomes of left and right laparoscopic hepatectomy should be reported separately as they vary significantly. 
Laparoscopic right hepatectomy should be further developed in major liver centers

In patients with HCC, as for other indications, selective use of intermittent Pringle’s maneuver may help decrease the 
blood loss without detrimental effect on liver function
In patients with cirrhosis, LLR may be associated with less risk of post-operative ascites and liver decompensation. 
Minor LLR for single and peripheral HCC in selected Child B patients warrants cautious approach and further 
evaluation is needed

4. LDH LDH requires expertise in both liver transplantation and laparoscopic liver surgery

Laparoscopic left lateral sectionectomy for pediatric liver transplantation offers reduction in blood loss, morbidity and 
hospital stay and should be considered equivalent to OLR

Adult liver transplantation: LDH is not yet standardized in terms of donor selection and surgical technique. Its safety 
and postoperative outcomes needs to be evaluated in experienced center further

CRLM: colorectal liver metastases; LLR: laparoscopic liver resection; OLR: open liver resection; LDH: laparoscopic donor hepatectomy; 
HCC: hepatocellular carcinoma



towards the tumor and about 4 to 5 working ports for graspers, suction, ultrasonic or sealing energy 
devices, cavitron ultrasonic surgical aspirator (CUSA) and others are placed on either side of the camera 
port at a reasonable distance[7]. In hand-assisted technique, in addition to the regular ports a hand-port is 
used to help mobilize the liver and retract both cut surfaces during the transection[7]. The hybrid technique 
involves mobilization laparoscopically followed by parenchymal transection and specimen extraction 
through a small open incision and may combine the benefits of both techniques[8]. Robot assisted LLR 
offers the advantage of a 3 dimensional vision and dexterity of robotic arms whereas parenchymal 
transection is performed laparoscopically with access to better retractors and CUSA. Robot assisted LLR 
may be more suited for postero-superior segment tumors[4].

LLR involves the following steps, not necessarily in the same order:
•	 Hilar dissection followed by inf low control is obtained fairly early during the LLR. Inf low control 

may be obtained by intra-fascial or Glissonian approach depending on tumor factors and surgeon’s 
preferences, as both are safe[3,6,9]. Biliary anatomy can be deciphered using fluorescence, conventional 
contrast or combined cholangiography[10]. Either intrabiliary injection of 0.025-0.5 mg/mL indocyanine 
green (ICG) or intravenous injection of 2.5 mg ICG fifteen minutes before fluoroscopy can be used to 
identify biliary anatomy and plan division of the bile ducts[10]. 

•	 Approach for laparoscopic right hepatectomy may be by anterior approach or conventional approach 
after mobilisation of liver[3,11,12].

•	 The transection plane is identified for left or right hepatic resection by unilateral clamping vascular 
inflow of same side at the hilum or by fluorescence imaging with ICG[10]. After clamping the portal 
pedicle supplying segment to be removed, boundaries of hepatic segments can be visualized following 
injection of 0.25-2.5 mg/mL ICG into the portal veins or by intravenous injection of 2.5 mg ICG[10]. For 
segmental or non-anatomical resection, the transection plane may be identified using the Glissonian 
approach or intra-operative Doppler Ultrasonography[3,13]. 

•	 Cholecystectomy: some surgeons although disconnect the cystic artery and duct, retain the gall bladder 
for retraction until later in the case.

•	 Pringle’s maneuver, the practice is variable with few centers not using it at all and others using it in all 
cases[3,11]. Parenchymal transection is the most challenging part of the surgery with large variations 
in technique, instruments, equipment used between different surgeons also depending on the tumor 
size, location and nature of background liver[3,14]. Various transection techniques have been described 
including the use of the modern dissectors/ aspirators [laparoscopic CUSA, WaterJet (Helix Hydro-Jet 
Erbe Elektromedizin GmbH, Tuebingen, Germany), etc.], sealing devices [Harmonic scalpel (Ethicon 
Endo Surgery INC - Johnson & Johnson Medical SPA, Somerville, NJ), Ligasure (Valleylab Inc., 
Boulder, Colorado, USA), bipolar sealing devices, etc.], and vascular staplers[3,14]. Superficial transection 
can be performed with any energy device, but deeper transection should be performed with an 
appropriate device to identify deep vascular structures[3]. While large vessels should be secured with 
vascular staplers or Hem-o-lok clips (Weck Closure Systems, Research Triangle Park, Durham, NC, 
USA Manufacturer), smaller vessels can be divided using metal or Hem-o-lok clips or sealed with an 
energy device[3,14]. Staplers for parenchymal transection should be used with caution because it lacks 
precision and identification of the underlying structures[3]. Argon Plasma Coagulator (APC) should be 
used for haemostasis with extreme caution due to the potential risk of gas embolism[3]. More recently, 
a novel technique has been described, called “superficial pre-coagulation, sealing and transection 
method”, which utilizes a soft coagulation system to create a 5 mm zone of pre-coagulation causing 
shrinkage and blockage of micro-vessels and bile ducts smaller than 1 mm without causing sparks 
and tissue desiccation[15]. This is followed by liver parenchymal dissection using CUSA in a bloodless 
plane created by pre-coagulation[15]. Use of the laparoscopic hanging maneuver is also reported by few 
surgeons[3,16]. Intra-operative Doppler Ultrasonography (IOUS) is used for confirming adequate tumor 
margin from the cut surface[11]. 

•	 The specimen may be extracted using an appropriate retrieval bag generally through a midline or 
pfannenstiel incision.
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TECHNICALLY COMPLEX SITUATIONS
For centrally located or deep tumors, visual guidance and tactile feedback are limited, and IOUS may 
be essential for tumor localization, assessment for satellite nodules, planning the resection plane and 
determining spatial relationship of the tumor with major blood vessels[13]. Sub-capsular tumors can be 
identified by intra-operative f luorescence imaging following preoperative intravenous injection of ICG 
(0.5 mg per kg body weight) usually given within two weeks of surgery[10]. “Diamond technique” has been 
described for centrally located parenchymal sparing liver resection[17].

Anatomic liver resection for tumors located in postero-superior (segment 7, segment 8) segments and 
segment 4a are technically difficult because of difficulty of access and are associated with more blood loss, 
risk of conversion to open surgery or change to hemi-hepatectomy[18-21]. Strategies such as use of a spacer, 
left lateral position, intercostal ports, hand-assisted, robot-assisted or other approaches have demonstrated 
reduced blood loss and need for conversion in such tumors[18-21].

Only few cases of isolated laparoscopic caudate lobe resection are reported as it is technically challenging[22,23]. 
Laparoscopy provides good vision of the caudate lobe between the hilar plate and the vena cava from 
the right side.  Division of the gastro-hepatic ligament facilitates visualization and resection from the left 
side[22,23]. LLR is safe and non-inferior to OLR in the cirrhotic liver too, with lesser blood loss and shorter 
hospital stay reported in few studies[24].

LLR DIFFICULTY SCORING SYSTEMS AND SELECTION CRITERIA
The degree of difficulty of LLR depends upon multiple factors[25]. A retrospective analysis has found a 
good agreement between the difficulty level assessed by the surgeon and a difficulty index based on tumor 
location, extent of liver resection, tumor size, proximity to major vessels, and liver function[25]. Although 
such scoring systems need further refinement and prospective validation, they can be helpful in assessment 
of trainee surgeon’s skills, guide their training, better estimate risks of the procedure[25]. Appropriate 
patient selection, practicing and honing LLR skills is paramount for success[25]. Most laparoscopic liver 
surgeons would accept tumor size of < 5 cm, fewer than three lesions without macroscopic vascular 
invasion or the need for biliary reconstruction as criteria for LLR[2,26]. 

RESULTS OF LAPAROSCOPIC VERSUS OPEN HEPATECTOMY
Short term outcomes
Comparison of LLR and OLR
LLR has been found to be significantly better compared to OLR for minor hepatectomies for short-term 
outcomes such as the operation time, blood loss, and post-operative hospital stay[27]. Although there are 
numerous case-reports and retrospective series of LLR, few well-designed randomized controlled trials 
(RCTs) and meta-analyses are currently available[27-35]. Meta-analyses show that LLR has clinical benefits 
over OLR with significant reduction in blood loss, blood transfusion, complications and hospital stay with 
comparable operative time and resection margin positivity. However potential biases due to low statistical 
power of many studies included in the meta-analyses cannot be undermined[28-35]. The results of these 
studies are summarized in Table 2. 

Long term outcomes
Hepatocellular carcinoma
Current evidence suggests that local tumor recurrence, disease free survival and overall survival are similar 
between laparoscopic and open resections[39-42]. The results of these studies are summarized in Table 3. Although 
meta-analyses indicate that LLR for hepatocellular carcinoma (HCC) is comparable to OLR in oncological 
and survival outcomes, they lacked RCTs[36-39].
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Colorectal liver metastases
Recently published meta-analysis on LLR for colorectal liver metastases (CRLM) concluded that LLR 
is a beneficial alternative to OLR in selected patients and does not compromise oncological outcomes 
including surgical margins, tumor recurrence, disease-free survival or 5-year overall survival, with even a 
possibility of better 3-year overall survival[40]. Even though this meta-analysis used propensity matching for 
compensating for selection bias, differences in proportions of major and minor resections and studies with 
low statistical power might be a potential source of bias[40]. In a recently completed randomized control 
trial (OSLO-COMET trial) of 280 patients with CRLM, randomized either to laparoscopic (n = 133) or open 
(n = 147) liver resection; blood loss, operative time and resection margins were similar in both groups[38] 
while the post-operative hospital stay was shorter with laparoscopic surgery (53 h vs. 96 h), complications 
were significantly less (19% vs. 31%), costs were similar at four months while patients in the laparoscopic 
group gained 0.011 quality adjusted life years[35].

ADVANCES IN LLR
The scope for LLR is increasing with improvements in LLR skills, availability of surgical gadgets and 
use of the robotic platform[41]. Robotic assistance is promising to aid difficult LLRs such as postero-
superior resections, non-anatomical resections along angulated or curvilinear resection planes, those 
requiring complex vascular and biliary reconstructions, but these need further refinement in skills and 
prospective validation[41]. Even single incision laparoscopic liver resection has been reported in very 
suitable tumors[42-44]. Few surgeons have reported the feasibility and safety of laparoscopic re-resections 
for malignant liver tumors, with a satisfactory conversion rate of 15%, although with significantly greater 
blood loss and operative time compared to primary LLR[45,46]. Laparoscopic re-resection of liver tumors 
may be feasible even after previous OLR, up to two prior LLRs, after previous major hepatectomy, even in 
cirrhotic livers and postero-superiorly located tumors[47]. Recent advances in LLR also include laparoscopic 
living donor hepatectomy and laparoscopic associating liver partition and portal vein ligation amongst 
others[48].

SUMMARY
LLR is becoming widely accepted for the treatment of both benign and malignant liver tumors especially 
HCC and CRLM. Laparoscopic left lateral sectionectomy and minor laparoscopic liver resection are now 

Table 2. Previous studies comparing laparoscopic and open liver resection

Author Type Blood loss Transfusion Operative 
time 

Hospital 
stay Complications Resection 

margin 
Simillis et al .[28] 
(2007)

Meta-analysis 
8 studies 

LLR < OLR No significant 
difference

No significant 
difference

LLR < OLR No significant 
difference

No significant 
difference

Zhou et al .[29] 
(2011) 

Meta-analysis 
21 studies 

LLR < OLR LLR < OLR No significant 
difference

LLR < OLR LLR < OLR No significant 
difference 

Rao et al .[30] 
(2012) 

Systematic review 
10 studies 

LLR < OLR LLR < OLR No significant 
difference 

LLR < OLR LLR < OLR No significant 
difference

Fancellu et al .[31] 
(2011) 

Meta-analysis 
9 studies 

LLR < OLR LLR < OLR No significant 
difference

LLR < OLR LLR < OLR No significant 
difference

Li et al .[32] 
(2012) 

Meta-analysis 
10 studies 

LLR < OLR LLR < OLR No significant 
difference

LLR < OLR LLR < OLR No significant 
difference

Xiong et al .[33] 
(2012) 

Meta-analysis 
16 studies 

LLR < OLR LLR < OLR No significant 
difference

LLR < OLR LLR < OLR  No significant 
difference

Yin et al .[34] 
(2013) 

Meta-analysis 
15 studies 

LLR < OLR LLR < OLR No significant 
difference

LLR < OLR LLR < OLR No significant 
difference

Fretland et al .[35] 
(2018)

RCT No significant 
difference

No significant 
difference

No significant 
difference

LLR < OLR LLR < OLR No significant 
difference

LLR: laparoscopic liver resection; OLR: open liver resection; RCT: randomized controlled trials
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considered standard approaches. Major laparoscopic hepatectomy has been shown to be feasible and 
safe at few select experienced centers. Few meta-analyses have shown that LLR is better than OLR with 
better short-term and cosmetic outcomes. Long-term oncologic and survival outcomes have been found 
to be similar to open liver resection in case-matched studies. Although LLR has a steep learning curve, 
indications for it are expanding fast with advances in laparoscopic techniques and skills.

CONCLUSION
LLR is a safe and effective approach to liver surgery for well selected patients in the hands of well trained 
surgeons with experience in hepatobilliary and laparoscopic surgery. The current scientific support in its 
favour is limited to case series, expert consensus recommendations, guidelines, meta-analyses with very 
few matched controlled studies and a single randomised controlled trial.

The learning curve is still a problem.

Randomized trials and structured training will help benefit more patients with the advancement in this 
technique.
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Table 3. Studies comparing long-term outcomes of laparoscopic and open liver resection for HCC

Study Type 1-year survival 3-year 
survival 

5-year 
survival 1-year DFS 3-year DFS 5-year DFS Overall and 

DFS 
Parks et al .[36] 
(2014) 

Meta-analysis L - 92% 
O - 91.3% 

L - 77.7% 
O - 76.5% 

L - 61.9% 
O - 56.5% 

NA NA NA NA 

Kim et al .[37] 
(2014) 

Case matched 
with PSM 

L - 100% 
O - 96.5% 

L - 100% 
O - 92.2% 

L - 92.2% 
O - 87.7% 

L - 81.7% 
O - 78.6% 

L - 61.7% 
O - 60.9% 

L - 54% 
O - 40.1% 

NSD 

Han et al .[38] 
(2015) 

Case matched 
with PSM 

L - 91.6% 
O - 93.1% 

L - 87.5% 
O - 87.8% 

L - 76.4% 
O - 73.2% 

L - 69.7% 
O - 74.7% 

L - 52% 
O - 49.5% 

L - 44.2% 
O - 41.2% 

NSD 

Takahara et al .[39] 
(2015) 

Case matched 
with PSM 

L - 95.8% 
O - 95.8% 

L - 86.2%
O - 84% 

L - 76.8% 
O - 70.9% 

L - 83.7% 
O - 79.6% 

L - 58.3% 
O - 50.4% 

L - 40.7% 
O - 39.3% 

NSD 

HCC: hepatocellular carcinoma; DFS: disease free survival; PSM: propensity score matching; L: laparoscopic liver resection; O: open liver 
resection; NSD: no significant difference; NA: not available
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Abstract
Cross-sectional imaging shows a limited diagnostic accuracy for the histological discrimination of small renal masses 

(SRM). In this scenario, a renal tumor biopsy is a safe, feasible and effective diagnostic tool that can guide treatment 

strategy by providing the histological characterization of a SRM. Although nephron-sparing surgery is still considered 

the gold standard treatment for patients with SRM, more and more evidence suggests that active surveillance (AS) is 

a reasonable alternative option, especially in old and comorbid patients. Indeed, owing to the relatively slow growth 

and favorable biology of SRM, AS followed up by, if necessary, a delayed intervention provides an optimal oncological 

outcome with low rates of systemic progression or death.

Keywords: Small renal masses, cross-sectional imaging, renal biopsy, surveillance 

INTRODUCTION
Traditionally, kidney cancer is one of the few tumors that is only treated if there is a radiological probability 
of malignancy. This concern is related to the limited diagnostic accuracy of computed tomography and 
magnetic resonance imaging in the histologic characterization of small renal masses (SRM)[1]. In recent 
years, a percutaneous renal tumor biopsy (RTB) has emerged as a promising diagnostic tool that may help 
in the clinical decision-making process by distinguishing benign from malignant radiological inconclusive 
renal lesions, and thus may be considered suitable for patients who are candidates for either active 
surveillance or nephron-sparing treatments[1-3]. 



Renal tumor biopsy
In the context of SRM, RTB has been used to identify low- and high-risk malignant renal tumors, to reveal 
a suspected metastasis in a non-renal neoplasm, to exclude lymphoma or abscess or, when an ablative 
therapy (e.g., radiofrequency ablation) is planned, to obtain the histology or to confirm the success of 
the treatment[4]. Contraindications include comorbid and frail patients only suitable for conservative 
management irrespective of biopsy results; patients with coagulation impairment; patients with a contrast-
enhanced renal mass for whom surgery is already planned[1,4].

According to a patient’s habits, anatomical tumor location and personal experience, ultrasounds and 
computed tomography are conventionally used for guidance when RTBs are performed. Tissue sampling 
can be realized with fine needle aspiration (FNA) and/or core biopsy (CB)[1,4]. In FNA, a twenty-one-gauge 
needle is inserted through a coaxial sheath to obtain multiple cytologic samples while limiting discomfort 
and the risk of tumor seeding. For CB, an eighteen-gauge needle with the same coaxial technique provides 
better diagnostic samples when at least 10 mm long cores are taken from the central and peripheral zones 
while avoiding necrotic areas.

In a recent systematic review and meta-analysis, CBs have been found to have a better diagnostic accuracy 
for the detection of malignancy compared to FNA, with a sensitivity of 99.1% vs. 93.2% and a specificity of 
99.7% vs. 89.8%, respectively[3]. Higher diagnostic accuracy is reached when large solid exophytic lesions 
are biopsied or when a combination of the two techniques is performed[1,2]. A non-diagnostic result can 
occur in up to 8%-14.7% of all RTB (range 0%-22.6% for CB and 0%-36% for FNA). However, a repeated 
biopsy is diagnostic in > 90% of cases. After surgical resection, the positive and negative predictive values of 
RTB are > 99% and 70%, respectively[2,3,5,6]. When focusing on SRM only, RTB shows a sensitivity of 99.7% 
and a specificity of 98.2%. Furthermore, after surgical resection of SRM only, the concordance rate for 
tumor histotype is 96% while the concordance rate for tumor grade is 66.7% and increases to 86.5% when a 
simplified low-high grading system is used[3].

Overall, RTB is feasible and safe when the coaxial technique is used. Morbidity after percutaneous sampling 
is low (8.1%) and complications include spontaneous resolving subcapsular/perinephric hematoma (4.3%-
4.9%), clinically significant pain (1.2%-3%), self-limiting hematuria (1%-3.15%), pneumothorax (0.6%), 
hemorrhage requiring blood transfusions (0.4%-0.7%) and infections. Fewer than 1% of the patients 
experience major complications such as a gross hematuria or a pseudoaneurysm that requires embolization. 
Anecdotal cases are reported for tumor seeding along the needle tract[3,5].

Active surveillance
Active surveillance (AS) is defined as the initial monitoring of tumor size by serial abdominal ultrasounds 
or cross-sectional imaging with delayed treatment (DT) reserved for those patients whose SRMs show 
clinical progression during the follow-up examination[1]. Indications for AS are still controversial, thought 
an elderly patient with a high surgical risk or competing risks of death and a very small low-growing renal 
mass represents the optimal candidate for AS [Table 1]. A recent systematic review of the oncological 
outcomes of currently published AS data indicates this treatment modality is a safe initial management 
strategy for SRM, especially for patients with very small tumors (< 2 cm) and elderly and/or sicker patients 
(> 75 years), followed by DT only if required because of progression. Specifically, metastatic progression 
and cancer-specific mortality (CSM) rates for cT1a tumors have been found to be low, accounting for 0-6% 
and 1%, respectively. Conversely, the other-cause mortality (OCM) rate is 1%-45%, reflecting the advanced 
age and prevalence of comorbidities in these AS patients AS[7].

The data supporting these findings are manifold. Up to 52% of all resected SRM are suitable for AS, with 
23% of benign histology and 29% of favorable risk or intermediate risk < 2 cm tumors[8]. Moreover, a 
significant proportion of SRM which satisfy the criteria of AS are benign tumors or low-grade renal cell 
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carcinoma, with relatively indolent biologic and clinical behavior[9,10]. Indeed, most of SRM grow slowly, 
with a median linear growth rate (LGR) of 0.22 cm/year for cT1a tumors[7]. Conversely, although benign 
tumors may grow significantly, high median LGR (0.37 cm/year) has been associated with a progression to 
metastasis and may be mirror more aggressive cancers[7,9,11,12]. 

Elderly and comorbid patients with SRM have a relative low risk of CSM but a significant risk of OCM, 
thus questioning their eligibility for surgery, which may also expose the patient to a greater risk of post-
operative morbidity[13-17]. In comparative retrospective and prospective analyses, although patients in the 
AS arm were older with greater comorbidity and smaller tumors with respect to the surgical counterpart, 
no statistically significant difference in OS and CSS were observed once adjusted for patients and tumor 
characteristics[10,13,18,19].

Triggers for AS cessation and commencement of treatment are poorly understood and include tumor 
volume doubling time < 12 months, LGR > 0.5 cm/year, tumor maximal diameter at risk of systemic 
dissemination (3-4 cm), malignant RTB results, new onset of tumor-related symptoms and/or patient’s 
preference[11,20]. Up to one-third of patients in AS cross over to treatment and most of them within the 
first 2-3 years[1,2]. For the 1%-26% of cT1a tumors undergoing surgical DT, the median LGR has been found 
0.62 cm/year[7]. Furthermore, increasing growth kinetics at the first follow-up imaging appear to be 
associated with higher treatment crossing over but not with OS, which suggests that rapidly growing masses 
early in AS may not necessarily require immediate treatment[12].

The optimal follow-up schedule for patients in AS is still unknown and therefore hasn’t been standardized. 
Current recommendations suggest imaging at relatively frequent intervals initially, which may increase 
as the stability of the lesion is demonstrated: cross-sectional imaging every 3-4 months for the first year, 
followed by cross-sectional imaging or ultrasound every 4-6 months for the second year and every 6-12 months 
thereafter[20].

Nephron-sparing surgery
Although AS and ablative therapies have been regarded as attractive treatment modalities, partial nephrectomy 
(PN) represents the standard of care for the management of SRMs[1,15,21-23]. Indeed, PN has demonstrated 
comparable cancer control[24-26] but a lower incidence of chronic kidney disease[27-30], cardiovascular events[31,32], 
overall and competing-cause mortality[31,33-35] when compared to radical nephrectomy.

According to a surgeon’s experience and preference, a PN can be performed with open (OPN), laparoscopic 
(LPN) or robot-assisted (RAPN) approach[1]. Specifically, RAPN provides non-inferior oncological and 
functional outcomes and an improved morbidity profile with respect to OPN[36,37]. Moreover, RAPN is now 
considered the preferable minimally invasive approach to PN because it eliminates the technical issues of 
LPN and reduces the surgical learning curve[38-40].
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Table 1. Factors favoring active surveillance

Patient-related  Tumor-related
Elderly
Life expectancy < 5 years
High comorbidities
Excessive perioperative risk
Frailty (poor functional status)
Patient preference for AS
Marginal renal function

Tumor size < 3 cm
Tumor growth < 5 mm/year
Non-infiltrative on imaging
Low complexity
Favorable histology (if RTB is performed)

RTB: renal tumor biopsy; AS: active surveillance



CONCLUSION
An accurate diagnosis of SRM can be made by using RTB and will further improve the risk-stratification of 
patients and guide the treatment strategy. Moreover, AS is a viable alternative to standard PN for SRM and 
should be discussed with candidates for active intervention, according to the baseline health status and the 
characteristics of the tumor provided by the RTB.
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Abstract
The number of robotic gastrectomy (RG) cases is increasing, especially in East Asia. The da Vinci Surgical System for 

RG allows surgeons to perform meticulous procedures using articulated devices and provides potential advantages over 

laparoscopic gastrectomy (LG). Meta-analyses including a large number of retrospective studies comparing RG and 

LG revealed only a limited advantage for RG over LG, such as lower blood loss, and the obvious disadvantage of longer 

operation times and higher medical cost. Specifically, a multicenter, prospective, single-arm study performed in Japan 

showed favorable short-term outcomes of RG over LG, while a non-randomized controlled trial in Korea showed similar 

postoperative complication rates for RG and LG, although the medical costs were significantly higher in RG. A well-

designed randomized controlled trial is thus necessary to establish robust evidence comparing the two surgeries. In 

addition, further development of surgical robotics is expected for RG to be accepted more widely.

Keywords: Gastric cancer, robotic gastrectomy, surgery, minimum invasive surgery

INTRODUCTION
Gastric cancer is the third leading cause of cancer-related deaths and the fifth most common cancer 
worldwide[1]. Gastrectomy with radical lymphadenectomy is a mainstay of treatment on resectable gastric 
cancer; however, recent randomized controlled trials have demonstrated inferiorities of such expanded 
and invasive procedures[2-5]. In contrast, minimally invasive surgery including laparoscopic gastrectomy 
(LG) and robotic gastrectomy (RG) is attracting attention. LG was first introduced in 1991 in Japan[6], and 
since then, this procedure is used all over the world. The reported advantages of LG over radical open 
gastrectomy are faster recovery from the surgical stress, less bleeding, good cosmetic results, and shorter 



hospital stays[7-9]. Nevertheless, this procedure has several drawbacks such as two-dimensional surgical 
view and the motion restriction using linear forceps. Surgical robotics has introduced in 1990s having the 
potential to overcome those limitations and is spreading rapidly in the world. 

In this review, we provide an historical outline of the development of surgical robotics, and describe the 
advantages and disadvantages of robot gastrectomy for gastric cancer compared to LG. 

HISTORY OF SURGICAL ROBOTICS
The history and development of surgical robotics [Table 1] goes back to the 1950s, with the development 
of so-called “telepresence robotic arms”, although these were not intended for surgical applications, but 
rather for remotely controlled systems to handle hazardous substances or to perform tasks underwater or 
in space. In the 1980s, robotic arm development progressed rapidly with advances in computer technology, 
and in 1985, surgical robotics was first used in a clinical setting to perform a neurological biopsy[10]. A year 
later, researchers at the IBM Thomas J. Watson Research Center and University of California completed the 
development of ROBODOC, which became the first surgical robot approved by the USA Food and Drug 
Administration (FDA) for clinical use in humans[11]. In 1994, Computer Motion Inc. developed Automated 
Endoscopic System for Optimal Positioning (AESOP; Computer Motion Inc., USA) with the aim of solo-
surgery using voice recognition to control the endoscope[12]. 

The US army also developed medical robotics for the use of telesurgery in the late 1980s with a master-
slave manipulator system that was originally designed for battlefield surgery. This system was subsequently 
introduced into the clinical market as the da Vinci Surgical System (DVSS) by Intuitive Surgical Inc, and 
in 2000, DVSS became the first robot-assisted surgical system approved by the FDA for use in general 
laparoscopic surgery[13,14]. Computer Motion Inc. also developed ZEUS in 1998, adding a remote-control 
function to AESOP[15]. In the beginning, both systems were used only for cardiovascular surgery; however, 
they were gradually expanded to digestive surgery, urology, and gynecology. In 2001, ZEUS was used for 
the first case of telesurgery between New York and France to perform cholecystectomy[16]. This operation 
was called “Lindbergh operation” after the American aviator Charles Lindbergh who was the first person 
to fly solo across the Atlantic Ocean. The first RG [robotic distal gastrectomy (RDG)] for gastric cancer was 
reported in 2002 by Hashizume et al.[17] using DVSS.

In 2003, Computer Motion Inc merged with Intuitive Surgical Inc., and since then DVSS has been the only 
FDA-approved surgery-assisting robot, building a near-monopoly. In September 2018, there were 4,814 installed 
DVSS units worldwide, including 3,110 in the United States, 821 in Europe, and 629 in Asia[18] [Figure 1].

CURRENT STATUS OF RG FOR GASTRIC CANCER
The most apparent advantage of RG over LG is that articulated devices are available in RG. In addition, the 
motion scaling and tremor suppression functions in RG enable more precise movement, which is believed 

Page 2 of 8                                      Makuuchi et al. Mini-invasive Surg 2019;3:11  I  http://dx.doi.org/10.20517/2574-1225.2019.03

Table 1. History of surgical robotics

Year                           Event
1985 Puma 200 was used for neurosurgical biopsy

1986 ROBODOC was used for artificial joint replacement

1994 AESOP (Computer Motion Inc.) released and approved by the FDA

1998 ZEUS (Computer Motion Inc.) released

1999 da Vinci Surgical System (Intuitive Surgical Inc.) released

2000 da Vinci Surgical System approved by the FDA

2001 First case of intercontinental telesurgery (US-France)

2002 Hashizume performed robot-assisted distal gastrectomy

2003 Merger of Intuitive Surgical Inc. and Computer Motion Inc.

FDA: food and drug administration



to reduce tissue damage and blood loss. Another advantage of RG is a three-dimensional (3D) field of 
view that facilitates surgeons to recognize depth perception. Recently, 3D images also became available 
in LG; however, special glasses are necessary and the quality of imaging remains inferior to that in RG. 
Furthermore, the ergonomics-based surgery console used in RG can reduce the fatigue of operators. While 
the surgical devices for RG were limited at first, ultrasonically activated device (harmonic), vessel sealers, 
Endo Wrist staplers, and other instruments are now available.

Short-term outcomes
Retrospective studies
Numerous retrospective, case-control studies comparing RG and LG have been conducted, and several 
meta-analyses were performed using those studies [Table 2][19-26]. Shen et al.[19] conducted 8 studies with 
a total of 1,875 patients that showed approximately 40 mL lower blood loss in RG than LG; however, the 
operation time for RG was approximately 50 min longer. The duration of hospital stay, morbidity, and 
numbers of retrieved lymph nodes were comparable between RG and LG. Other meta-analysis indicated 
similar results, with the exception of a difference between RG over LG with morbidity. Guerra et al.[25] 
analyzed 8 studies, including 2026 patients, focusing on pancreatic complications. Pancreatic fistula 
occurred in 2.7% of patients receiving RG and 3.8% of patients receiving LG, for an odds ratio of 0.72. 
Although the difference was not statistically significant, the authors concluded that RG trended toward 
lower rates of postoperative pancreas-related events, despite more unfavorable baseline characteristics 
compared with LG.

Prospective studies
Very limited prospective studies of RG have been conducted thus far. We conducted single-center early 
and late phase II studies in patients with cStage I gastric cancer to evaluate the safety of RG[27,28], involving 
18 and 120 patients, respectively, in each study that found an incidence of intra-abdominal infectious 
complications of Clavien-Dindo classification grade ≥ II of 0% and 3.3%, respectively. Thus, the null 
hypotheses were rejected, and the studies concluded that RG can be safely used in cStage I gastric cancer.

In a prospective, multicenter, non-randomized, control study was conducted in Korea from May 2011 
to December 2012 to compare the short-term surgical outcomes of RG (n = 223) and LG (n = 211)[29]. No 
significant difference was observed in the incidence of overall postoperative complications (RG 11.9%, 
LG 10.3%) and the mortality rate was 0% in both groups; however, the operation time was 40 min longer 
and the financial cost was 5,000 USD higher for RG than for LG. The authors concluded that RG was not 
superior to LG, and subsequent sub-group analysis showed a significantly lower amount of blood loss in 
RG when D2 lymph node dissection than that in LG[30].

A multicenter, prospective, single-arm study conducted in Japan evaluated the safety of RG in 330 patients 
with cStage I/II gastric cancer enrolled from October 2014 to January 2017, with the primary endpoint of 
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Table 2. Summary of the meta-analyses comparing RG and LG with respect to short term outcomes

Author Year Country
Number 

of 
studies

Number 
of 

patients
Morbidity Blood 

loss
Operation 

time
Retrieved 

LN
Hospital 

stay

Time 
to oral 
intake

Time 
to first 
flatus

Medical 
cost

Hyun et al .[26]* 2013 Korea 9 7,200 RG = LG RG = LG RG > LG RG = LG RG = LG - - -

Shen et al .[19] 2014 China 8 1,875 RG = LG RG < LG RG > LG RG = LG RG = LG - - -

Chuan et al .[20] 2015 China 5 1,796 RG = LG RG < LG RG > LG RG = LG RG = LG - - -

Hu et al .[21] 2016 China 12 3,580 RG = LG RG < LG RG > LG RG > LG RG < LG - RG > LG -

Wang et al .[23] 2017 China 3 562 RG = LG RG = LG RG > LG RG = LG RG = LG - - -

Chen et al .[22] 2017 China 19 5,953 RG = LG RG < LG RG > LG RG = LG RG = LG RG > LG RG = LG RG > LG

Guerra et al .[25] 2018 Italy 8 2,026 RG = LG** - RG > LG RG > LG RG = LG - - -

*This study included open gastrectomy and compared among robotic, laparoscopic, and open gastrectomy; **only pancreatic 
complications were compared, including acute pancreatitis and pancreatic fistula. LN: lymph nodes; RG: robotic gastrectomy; LG: 
laparoscopic gastrectomy



postoperative complication[31]. The incidence of postoperative complications of Clavien-Dindo grade ≥ III 
was 2.45%, which was significantly lower than that in the historical control group (6.4%). Based on this 
result, RG for gastric cancer has been covered by national health insurance since April 2018 in Japan.

Long-term outcomes
A few retrospective case-control studies have been conducted to compare long-term outcomes between 
RG and LG in Japan and Korea[32-34]. In a study conducted in Japan, data from 84 patients who underwent 
RG and 437 patients who underwent LG around the same time were retrospectively analyzed; the 3-year 
overall survival rates were 86.9% and 88.8%, respectively, and did not differ to a statistically significant 
extent (P = 0.636)[33]. A study conducted in Korea using propensity score matching found 5-year overall 
survival rates of 93.2% in RG and 94.2% in LG; again the difference was not statistically significant (P = 
0.4112)[34]. Although not prospective findings, these results indicate that the long-term outcomes of RG are 
not inferior to those of LG.

Learning curve
The learning curve for RG is reportedly shorter for experienced surgeons who had performed LG, 
estimated to total between 10 and 25 cases[35-39], although 40-60 cases is the estimated number needed 
to reach stabilization in LG[40,41]. Thus, although the 3D imaging and instrument f lexibility of RG may 
help to make the learning curve less steep, the fact that an expert in LG performed the RG in many cases 
could have affected the results. In contrast, a recent study showed that stabilization of the operation 
time occurred after 25 cases, even for surgeons without prior LG experience, suggesting that prior LG 
experience is not necessarily required[42].

Nevertheless, robotic surgery requires surgeons to attain some extent of specialized training. Intuitive 
Surgical Inc. provides a training program and surgeons have to pass this program and be certificated as a 
Console Surgeon of DVSS to perform RG using DVSS. Interestingly, this training program targets surgeons 
from various fields and it is not sufficient to perform RG independently. Therefore, we have developed 
three-step educational program targeted at qualified surgeons [Table 3], who should perform more than 10 

Figure 1. The da Vinci Surgical System comprises the patient cart, vision cart and surgeon console

Page 4 of 8                                      Makuuchi et al. Mini-invasive Surg 2019;3:11  I  http://dx.doi.org/10.20517/2574-1225.2019.03



cases of RG including one or more cases of total or proximal gastrectomy[43]. A proctor scores the surgeon 
in accordance to the evaluation list, and when a high score is achieved, the surgeon will be allowed to 
perform RG independently.

Ergonomics
Robotic surgery provides surgeons with an ergonomically sound work environment because although 
LG is usually performed in the standing position, RG can be performed in a sitting position at an 
ergonomically designed surgeon console, which is expected to reduce operator fatigue. A survey study 
comprising 26 questions was performed to document the discomfort of robotic surgery compared with 
open and laparoscopic surgery, and to investigate the factors that affect the risk of physical symptoms, 
involving surgeons with various specialties and 1,215 who practiced all three approaches. This survey 
demonstrated that robot-assisted surgery was associated with the least physical discomfort and symptoms 
compared with open and laparoscopic surgery[44]. The breakdown of symptoms indicated that robotic 
surgery was less likely to lead to neck, back, hip, knee, ankle, foot, shoulder, elbow, and wrist pain than 
open or laparoscopic surgery, although the frequency of eye and finger pain was higher in robotic surgery. 
In another survey of 432 surgeons using robotic surgery in various fields, 56.1% complained of physical 
symptoms or discomfort, with the most frequent complaints being neck stiffness, finger pain, and eye 
fatigue[45]. Thus, although robotic surgery reduces the physical symptoms and discomfort of surgeons in 
comparison to open and laparoscopic surgery, more than 50% of surgeons have complained of a certain 
degree of physical stress, typically finger pain and eye strain.

Disadvantages of robotic compared to laparoscopic gastrectomy
The most critical disadvantage of RG is a lack of tactile perception, which can lead to incomplete ligature 
and tissue damage due to excessive stress. Visual information can compensate the lack of tactile perception; 
however, serious injury could still happen outside the field of view. Surgical robotics can potentially apply an 
unexpectedly strong force that never occurs in conventional surgery. Thus, even slight mishandling of the 
DVSS may lead to a fatal accident, even with a built-in system to prevent excessive compression to organs.

Requiring a long operation time is another disadvantage in RG. A retrospective study investigating factors 
contributing to prolongation of the operation time identified “junk time” as a cause of the prolongation[46]. 
In this study, the authors classified the overall operation time into two groups: the effective time (time 
required for actual surgical techniques such as port replacement, lymphadenectomy, and reconstruction) 
and the junk time (setup docking, and adjustment of surgical instruments). They found that junk time 

Table 3. Educational Program in Shizuoka Cancer Center

Step Target item Purpose
1 Has taken the training courses led by Intuitive Surgical Inc. and acquired 

surgeon certification
Learn the basic operation of the da Vinci Surgical System and 
perform repetitive training of surgical techniques and surgical 
procedures

Perform at least 10 h of offsite training using the da Vinci Surgical System Learn the smooth operation of the da Vinci Surgical System

2 Under the guidance of the proctor, perform over 10 robotic gastrectomies 
(including total gastrectomies, cardia side gastrectomies)*1-4

Do not cause other organ damage requiring repair, arterial injuries 
requiring reconstruction, or other intraoperative complications requiring 
an open conversion

Gain experience in robotic gastrectomy

Perform one or more robotic total gastrectomies Gain experience as a surgeon for robotic total gastrectomies 
to acquire esophagus jejunal anastomosis

3 Achieve a rating of B or higher from the proctor in all items of the surgical 
evaluation on robotic distal gastrectomy

The proctor evaluates whether or not the target surgeon 
is appropriate as a robotic surgeon, according to unified 
standards

*1: The proctor performs surgery mainly for the first case and the operator learns beside or performs part of the surgery; *2: at least the 
second case should be a case of distal gastrectomy, D1 + dissection, with BMI < 25, PS = 0, and ASA - PS 2 or less; *3: teaching by dual 
console is desirable until the third case; *4: in the case of a longer than 6 months absence during participation, 2 cases of experience will 
be added after receiving a retraining program provided by Intuitive Surgical Inc., regardless of the number of experienced cases
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was significantly longer in RG, at 41.5 min, than in LG, though effective time was not statistically 
different between the groups. Although there was no difference in the number of instrument exchanges, 
the time required to exchange instruments was also significantly longer in RG than in LG. Additionally, 
the operation time was reduced by about 1 h when ultrasonically activated devices were used[47]. These 
studies suggest that a smarter and simpler system is needed for the setup and for instrument change, and 
development of new devices are warranted to reduce the operation time.

FUTURE PERSPECTIVES
A lack of robust evidence regarding RG use appears to be the most important future issue. Although RG 
has many theoretical advantages over LG, a definite and significant benefit of RG over LG has not been 
shown in a clinical setting due to the lack of randomized controlled trials (RCT). It cannot be denied that 
the high cost of RG affects the difficulty in conducting RCT, with some meta-analyses and a prospective 
study conducted in Korea indicating that RG is 4000-5000 USD more expensive than LG[22,29]. In Japan, RG 
has been covered by health insurance since April 2018; thus, patients can undergo RG without any extra 
cost. Thus, while the economic burden on medical institutions remains, the groundwork for RCT has been 
completed, and a well-designed RCT is needed to investigate the superiority of RG over LG.

Currently, several companies are developing surgical robots, with such market competition expected to 
decrease the price and further their use. Moreover, we anticipate the near future to bring  development 
of new devices or miniaturization of existing surgical robots, together with innovative development, 
including concomitant use with 3D imaging[48], artificial intelligence, and virtual reality[49]. 

CONCLUSION
RG with DVSS facilitates meticulous surgical procedures with 3D imaging, instrument flexibility, tremor 
suppression, and improved ergonomics. Problems with RG remain including an unacceptable lack in 
tactile perception, longer operation times, and high medical costs. Moreover, although RG has theoretical 
advantages over LG, robust evidence is lacking. Well-designed, randomized controlled trials are therefore 
needed to establish stronger evidence and further develop the field of surgical robotics.
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Abstract
Aim: To report the initial monocentric experience of totally laparoscopic total gastrectomy, assessing its feasibility and 

safety, especially relating to the challenging step of esophago-jejunal (E-J) reconstruction.

Methods: All consecutive patients, underwent laparoscopic total gastrectomy for gastric cancer with curative intent, 

between January 2017 and June 2018 at our institution, were considered. Data of the selected patients was retrieved 

from a prospectively collected database. Short and long term outcomes were analyzed.

Results: Ten patients underwent totally laparoscopic total gastrectomy with D2 lymphadenectomy and 4 of these 

had received preoperative chemotherapy; Two patients also received the lymphadenectomy of the station 10. E-J 

reconstruction consisted of hemi-double stapling technique with transorally inserted anvil in 1 case, side-to-side overlap 

anastomosis in 5 cases and end-to-side anastomosis in 4 cases. One patient experienced intraoperative complications 

needing conversion to laparotomy. Seven patients experienced postoperative complications, three of these were severe 

according to Dindo-Clavien classification. All the specimens had free proximal resection margins with R0 resection in all 

the cases. Average postoperative length of hospital stay was 10 days and no patients died during hospitalization. Median 

overall survival and disease-free survival were 15.5 and 12.5 months respectively.

Conclusion: Totally laparoscopic total gastrectomy is a feasible and safe option in the treatment of gastric cancer. The 

choice about the type of E-J reconstruction should be based on the single patient’s features and on the dexterity of the 

surgeon who should be able to perform more than one option for a tailored approach.



Keywords: Gastric cancer, totally laparoscopic total gastrectomy, mini-invasive treatment, total gastrectomy

INTRODUCTION
Gastric cancer is the second leading cause of cancer-related mortality worldwide[1]. Although relevant 
improvements in medical oncology, radical surgery still remains the mainstay of curative treatment[2]. 
Laparoscopic distal gastrectomy reached a wide diffusion in the last decades, before the treatment of 
early gastric cancer, and then treating advanced gastric cancer too[3], especially in Eastern countries, 
demonstrating clear advantages in terms of intraoperative bleeding, length of hospital stay, restoration of 
bowel function and incidences of minor postoperative complications in comparison with open surgery[4]. 
Looking at these results, laparoscopic technique has been gradually adopted, including total gastrectomy, 
confirming the short-term benefits as compared to open technique[5]. On the other hand, laparoscopic 
total gastrectomy is considered a very demanding procedure, due to the complexity of many steps like 
omentectomy and lymphadenectomy; however the main reason of complexity is the technical difficulty of 
esophago-jejunal reconstruction[6].

In order to overcome this complexity, many techniques have been proposed, ranging from hybrid 
anastomosis by mini-laparotomy, to different kinds of totally laparoscopic ones using a circular or linear 
stapler, without a clear superiority of one above the others[7]. Furthermore the majority of data on this topic 
comes from Eastern countries and from case series, making the debate still open[8]. In this scenario, we 
reported our experience of totally laparoscopic total gastrectomy.

METHODS
All consecutive patients who underwent laparoscopic total gastrectomy for gastric cancer with curative 
intent, between January 2017 and June 2018 at our institution, were considered. Patients with esophago-
gastric junction cancer, with evidence of metastatic disease and/or underwent surgery with palliative intent 
were excluded.

Exclusion criteria for laparoscopic treatment of gastric cancer were: tumor involvement of adjacent organs, 
T4a tumor at endoscopic ultrasonography (EUS), tumor located in the greater curvature, preoperative 
evidence of bulky lymph-nodes, anesthesiologic contraindications to pneumoperitoneum, history of other 
surgery for gastric cancer, previous laparotomies for major upper abdominal surgery.

All the patients underwent preoperative complete workup consisting of esophago-gastro-duodenoscopy 
with biopsy, gastric EUS, total body contrast-enhanced computed tomography (ce-CT). Tumor staging was 
performed according to American Joint Committee on Cancer (AJCC) tumor/node/metastasis classification 
and staging systems for gastric cancer 8th edition[9].

In all the patients with more than T2 N0 tumors, a perioperative chemotherapy was performed, 
according to age, comorbidity and performance status and it was followed by a re-staging of the disease. 
Complications were defined according to the Dindo-Clavien classification; severe complications were 
considered those of grade > 2[10]. Data of the selected patients was retrieved from a prospectively collected 
database; all the gathered data was recorded on an electronic spreadsheet and analysed using commercially 
available software, SPSS 18.0 (IBM, Armonk, NY).

Perioperative management and technical details
All patients received low molecular weight heparin starting the evening before the surgery, 2 g cefazolin 15 min 
before the skin incision, and 7-10 days preoperatively immunonutrition with 2 brick/day of impact oral.

Page 2 of 10                                    Mazzola et al. Mini-invasive Surg 2019;3:12  I  http://dx.doi.org/10.20517/2574-1225.2019.05



Patients were placed in a supine position, with legs apart, with the first surgeon positioned between the legs 
and one assistant on each side of the patient’s abdomen. An open technique according to Hasson was used 
for the first trocar insertion in suvra-humbilical position; other trocars were placed, 2 on each side of the 
umbilicus, drawing a “smile” shape line; of these, three were 5 mm and one (on the left hemi-clavear line) 
12 mm. A 30 degree scope was always used, with a carbon dioxide 12-14 mmHg pneumoperitoneum.

An exploration of the peritoneal cavity was also performed in order to exclude carcinomatosis and a 
sample of peritoneal liquid was always obtained for cytological examination.

Coloepiploic detachment and complete omentectomy was the first step of the operation with section of left 
gastroepiploic vessels at their origin, removing lymph-nodes of stations 4sb and 4sa, section of short gastric 
vessels, followed by right gastroepiploic vessels section, removing stations 5, 6 and 4d.

Division of the duodenum was performed 2-3 cm distal to pylorus, using 60 mm tristaple Endo Gia 
reinforced with polyglicolic acid (bioabsorbable staple line reinforcement, GORE SEAMGUARDTM). 
Hepatic pedicle was cleared removing lymph-nodes of the station 12a untill the portal vein became 
visible and right gastric artery was sectioned. Stomach was pushed upward with better exposition of the 
suprapancreatic region; lymphadenectomy of stations 7-8a-9-11p-11d was performed and left gastric vessels 
were divided using clips [Figure 1]. Laimer-Bertelli membrane was divided and cardial branches and of the 
vagus nerves sectioned, removing lymph-nodes of the stations 1, 2 and 3. Dissection of the station 10 was 
performed only in the presence of enlarged lymph-nodes at splenic hylum [Figure 2].
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Figure 2. Lymphadenectomy of the stations: 10-11d



Roux-en-Y reconstruction was always done using the transmesocolic route and jejuno-jejunal anastomosis was 
perforemed with the same technique (isoperistaltic side-to-side mechanical anastomosis using 45 mm linear 
stapler) in all the patients. According to patients’ characteristics and surgeon preference, 3 techniques were 
used for esophago-jejunal (E-J) anastomosis: hemi-double-stapling (HDS) technique using the transorally 
inserted anvil (OrVilTM)[11], modified side-to-side (S-S) overlap anastomosis according to Inaba[12], and 
modified end-to-side (E-S) anastomosis. For the last one, jejunal loop was always marked with a pen 
about 20 cm distally to the Treitz ligament and sectioned using a 45 mm linear stapler after it was passed 
through the mesocolic breach. The anterior hemi-circumference of the distal esophagus was sectioned with 
monopolar coagulation or an ultrasound device and a hemi hand-sewn purse-string, using polypropylene 
2/0 suture, was placed [Figure 3].

After a stitch was placed on its edge, the anvil was introduced in the peritoneal cavity through the suvra-
humbilical port, and inserted in the esophagus under laparoscopic vision. The remaining esophageal 
circumference was sectioned and the hand-sewn purse-string completed, using the stitch on the anvil edge 
to pull it in the correct position [Figure 4]. The specimen was extracted through mini-laparotomy on the 
left hemi-clavear trocar; the same mini-laparotomy was used to place the circular stapler in the previously 
sectioned jejunal loop and to reintroduce it in the peritoneal cavity restoring the pneumoperitoneum 

Figure 3. Placement of the hemi hand-sewn purse-string, using polypropylene 2/0 suture, on the anterior esophageal circumference

Figure 4. Closure of the hand-sewn purse-string, positioning the anvil in correct position
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using a specialized wound-sealing device (GelPOINT Access Platforms, Applied MedicalTM) [Figure 5]. 
The E-S E-J anastomosis was performed using 25 mm circular stapler and the jejunal loop extremity was 
then sectioned using linear 45 mm stapler [Figure 6]. In all the patients an external close suction drain 
(type Jackson Pratt) was positioned via the right subcostal 5 mm port and positioned posteriorly to the E-J 
anastomosis. All the patients resumed oral idric intake on 1st postoperative day and semi liquid diet on 
2nd postoperative day, when tolerated. A ce-CT of thorax and abdomen with oral hydrosoluble contrast 
examination was always performed on 6th postoperative day. After hospital discharge, follow-up was 
continued in outpatient settings every six months. 

RESULTS
Between January 2017 and June 2018 at our institution, 28 patients underwent surgery for middle-upper 
third gastric cancer with curative intent; among these: 4 had previous gastric surgery for cancer and 
received degastrogastrectomy, 4 underwent associated transhiatal distal esophagectomy, 1 underwent 
upper polar gastrectomy. The remaining 19 underwent total gastrectomy; 9 of these received laparotomic 
treatment because of anesthesiological contraindications to laparoscopy (2 patients), tumor involvement 
of adjacent organs (4 patients), evidence of bulky nodes (1 patient), evidence of T4a tumor (1 patient), 
or tumor located on the greater curvature (1 patient). 10 patients underwent totally laparoscopic total 

Figure 5. After specimen extraction, the mini-laparotomy on the left hemi-clavear trocar was used to place the circular stapler in the 
previously sectioned jejunal loop and to reintroduce it in the peritoneal cavity restoring the pneumoperitoneum using a specialized 
wound-sealing device

Figure 6. The end-to-side esophago-jejunal anastomosis was performed using 25 mm circular stapler and the jejunal loop extremity was 
then sectioned using linear 45 mm stapler
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gastrectomy with D2 lymphadenectomy and 4 of these had received preoperative chemotherapy; in 2 cases 
the lymphadenectomy of the station 10 was performed. Demographic and preoperative features of these 
patients are reported in Table 1. After an uneventful resective phase in all patients, 1 of these received E-J 
anastomosis using HDS technique with transorally inserted anvil, 5 received S-S overlap anastomosis and 
4 underwent E-S anastomosis. Only one patient experienced intraoperative complications; the only case 
reported was related to an esophageal injury during S-S E-J anastomosis needing the only conversion to 
laparotomy of the series; after conversion an E-S E-J anastomosis with a hand-sewn purse-string was done 
without further complications; other intraoperative details are reported in Table 2. Although no 30 day 
fatal events occurred, 7 patients experienced postoperative complications, 3 of these were severe according 
to Dindo-Clavien classification[10]; they consisted of ileus due to internal hernia, and abdominal abscess 
in splenic fossa needing reoperation; the last one was the only E-J anastomotic leakage and occurred in a 
patient who underwent laparoscopic E-S anastomosis and treated with endoscopic transanastomotic stent 
positioning. At pathological examination all the specimens had free proximal resection margins and all 
the patients received R0 resection; average numbers of harvested lymph-nodes was 29. Clinical staging 
was confirmed in 5 patients; on the other hand, 2 patients were under-staged and 3 over-staged; this miss-
staging didn’t affect the curative intent of surgery and no peritoneal carcinosis was detected at laparoscopy.

Average postoperative length of hospital stay was 10 days and no patients died during hospitalization. With 
a minimum follow-up of 6 months, median overall survival (OS) and disease-free survival (DFS) were 15.5 
and 12.5 months respectively. All the patients included in perioperative chemotherapy program were able 
to complete the post operative treatment. Postoperative outcomes are described in Table 3.

DISCUSSION
Laparoscopic surgery is a valid option for the treatment of gastric cancer; although only the minor part of 
the data about it comes from randomized clinical trials (RCTs)[13,14]. A large number of results from non 
RCTs and case series assessed its safety and feasibility[4,15], however the majority of the reported data refers 
to distal gastrectomy[16] and only a few parts of the ongoing RCTs include total gastrectomy[17-19].

Nevertheless it gained wide diffusion in Eastern countries, with a slow adoption in Europe and USA 
too[11,20], showing less blood loss, fewer analgesic uses, earlier passage of flatus, quicker resumption of oral 
intake, earlier hospital discharge, and reduced postoperative morbidity, with longer operative time, in 
comparison with open total gastrectomy[5]. Our data, obtained from a non selected series of European older 
adults, was consistent with these evidences, reporting 3 cases of severe adverse events, 2 of these requiring 
reoperation; 1 of these was due to an internal hernia and since that occurance we always have sutured the 
jejunal mesentery without occurance of further cases.

Table 1. Patients’ characteristics

Number of patients 10

Sex ratio (M/F) 6/4

Age (year)* 76 (60-93)

BMI (kg/m2)* 24 (19-32)

ASA score 1/2/3 1/6/3

clinical T1/T2/T3# 1/2/7

clinical EGC/AGC ratio 1/9

clinical N0/N+# 3/7

clinical stage I/IIa/IIb/III# 1/2/2/5

Preoperative CT 4

Data are expressed as number of patients. *Data is expressed as an average with the range in brackets; #clinical staging according AJCC 
8th Edition. Pts: patients; M: males; F: females; BMI: body mass index; ASA: American Society of Anaesthesiologists; EGC: early gastric 
cancer; AGC: advanced gastric cancer; CT: chemotherapy
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Some critical aspects of this procedure however still make it open to debate, one of these being the 
possibility to perform a correct lymphadenectomy, especially to dissect the station 10. A large meta-
analysis, comparing open and laparoscopic total gastrectomy, reported no statistical differences between 
the two techniques in terms of lymph-nodes clearance, 5-year OS and DFS, and free proximal resection 
margins, confirming their same oncological safety and adequacy[5]. This data was confirmed by another 
meta-analysis, including totally laparoscopic total gastrectomy only, reporting no difference in the number 
of the harvested lymph-nodes[21]. Furthermore a recent RCT[22] reported an incidence of positive lymph-
nodes in the station 10 of 2.4%, in a cohort of well selected patients, all candidates to total gastrectomy, 
concluding that, for these kind of patients, the station 10 lymphadenectomy is not mandatory; however 
in case of macroscopic lymph-nodes at splenic hilum it seems possible to perform a laparoscopic spleen-
preserving dissection[23]. Our small series confirmed this data with a mean number of lymph-nodes 
harvested of 29; D2 lymphadenectomy and complete omentectomy were always performed in all the 
patients and they didn’t cause intraoperative nor postoperative complications; 2 patients needed, in 
addition, the spleen-preserving lymphadenectomy of the station 10 for slightly enlarged, suspicious, lymph-
nodes without further morbidity.

Therefore the major concern of laparoscopic total gastrectomy seems related to the E-J reconstruction. The 
first attempt to overcome this obstacle was to perform a midline mini-laparotomy for a hybrid approach; 

Table 2. Intraoperative outcomes

Duration of surgery (min)* 369 (275-440)
Type of anastomosis:

HDS technique with transorally inserted anvil
S-S overlap anastomosis
E-S anastomosis

1
5
4

Intraoperative complication 1
Associated procedures 6
Conversion to open surgery 1

Data is expressed as number of patients. *Data is expressed as an average with range in brackets. HDS: hemi-double-stapling; S-S: side-
to-side; E-S: end-to-side

Table 3. Postoperative outcomes

Length of hospital stay (day)* 10 (8-58)

Overall complications 7

Severe complications 3

Reoperations 2

Anastomotic leakage 1

Anastomotic stenosis 0

Abdominal abscess 1

POPF 0

Duodenal stump leak 0

Wound infection 0

Ileus caused by internal hernia 1

Number of LNs harvested§ 29 (15-38)

Number of LNs positive§ 5 (0-22)

Tumor dimension (mm) 49 (17-130)

Pathological T1b/T2/T3/T4a# 1/1/6/2

Pathological N0/N1/N2/N3a/N3b 3/1/1/4/1

Pathological staging Ib/IIa/IIIa/IIIb/IIIc# 2/2/1/4/1

Median OS* (months) 15.5 (6-32)

Median DFS* (months) 12.5 (6-28)

Data is expressed as number of patients. *Continuous variables are reported as mean values and range; §data is expressed as an average 
with range in brackets; #clinical staging according AJCC 8th Edition. POPF: postoperative pancreatic fistula; LNs: lymph-nodes; OS: 
overall survival; DFS: disease free survival
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however several authors reported important limits of this approach due to the difficulty to use a purse-string 
instrument in a very narrow space, and to place a suture without clear visualization[24,25]. Actually various 
totally laparoscopic techniques are used, based on circular or linear staplers[7]; some authors achieved excellent 
results independently from the technique, without a clear superiority of a particular model[1], even if leakage 
and stenosis seemed to occur more frequently using circular stapler compared to linear ones[8]. However the 
incidence of anastomotic-related complications widely varied among the studies with anastomotic leakage 
and stricture rate of 3.5% (0.9%-8.5%) and 2.2% (0%-9%) respectively[1]. Differences between laparoscopic 
total gastrectomies with open ones were not found, neither regarding anastomotic-related complications, 
with a slightly, but not significantly, disadvantage of laparoscopy in term of stenosis[26]. The feasibility and 
good outcomes of totally laparoscopic reconstruction were supported by our data; in the majority of patients, 
anastomosis was performed laparoscopically, under pneumoperitoneum, with a good visualization; just in one 
case an esophageal disruption occurred during linear stapler insertion needing laparotomic conversion to re-
do the anastomosis. With a mean follow up of 16 month, only 1 anastomotic-related complication occurred: 
anastomotic leakage diagnosed at imaging on 6th postoperative day and treated by means of endoscopically 
positioned stent with good recovery. As reported in literature, overlap technique is quite easy to perform and 
not demanding a long time; in addition it seemed to have lower incidence of anastomotic stenosis compared 
to Orvill technique[27]; on the other hand it doesn’t allow ability to check for malignancy with frozen section 
the esophageal margin[6] and can be very challenging in obese patients with thickened and fixed mesentery, as 
the patient in our series who experienced esophageal injury. For patients with these anthropometric features, 
we used a modified E-S double stapling technique using 25 mm circular stapler, introduced in the peritoneal 
cavity via a wound sealing device in the place of the left hemi-clavear trocar, reproducing the same familial 
anastomosis usually used in the open total gastrectomy. This technique, although perceived as more time-
consuming and technically challenging, allowed to perform a tension-free anastomosis in obese patients 
too, overcoming the problem of the deep and dorsal position of the anastomotic site and the hindering 
visualization and manipulation.

Small sample size, retrospective and non comparative analysis constitute the main limits of this study, and 
firm conclusions cannot be drawn, but it adds to a still lacking amount of literature, especially in Western 
countries, some results confirming the feasibility and the safety of totally laparoscopic total gastrectomy in 
the hands of experienced surgeons with a steep learning curve. 

In conclusion, totally laparoscopic total gastrectomy is a feasible option in the treatment of gastric cancer. 
The choice about the method for E-J reconstruction should be based on the individual patient’s features 
and on the dexterity of the surgeon, which should be able to perform more than one option for a tailored 
approach. 
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Abstract
Oesophageal and gastroesophageal junction (GEJ) malignancy is the fastest growing cancer in the Western population. 

This together with the deadly nature of the disease has attracted increased attention from doctors and researchers alike. 

The increasing incidence has been primarily attributed to the increase in rates of obesity that in turn causes increased 

gastroesophageal reflux disease leading to Barrett’s oesophagus and eventually adenocarcinoma of the oesophagus 

especially at the GEJ. We discuss the epidemiology, risk factors and the management of GEJ tumours.

Keywords: Cardioesophageal, gastroesophageal, upper gastrointestinal, cancer, tumour

INTRODUCTION
Oesophageal and gastroesophageal junction (GEJ) malignancy is the fastest growing cancer in the Western 
population, especially in United States of America (USA), rising by 6-fold annually on the background of 
declining rates of most other cancers[1,2]. This together with the deadly nature of the disease has attracted 
increased attention from doctors and researchers alike. The increasing incidence has been primarily 
attributed to the increase in rates of obesity that in turn causes increased gastroesophageal reflux disease 
(GERD) leading to Barrett’s oesophagus and eventually adenocarcinoma of the oesophagus especially at 
the GEJ[3].

DEFINITION
The definition of GEJ cancers has been an area of controversy and disagreement and have in the past 
been considered either a gastric or oesophageal cancer as they lie in between the two. GEJ tumours also 



go by many other names including distal oesophageal cancers, proximal gastric cancers and cancers of 
cardia. This has led to discrepancies in the literature regarding the classification, pathophysiology, surgical 
approach and prognosis. The most widely accepted definition for GEJ cancer is that proposed by Siewert et al.[4] 
and led to the tumours being classified as a distinct entity from gastric or oesophageal cancers. He 
proposed that GEJ tumours be classified as those having epicentre of the cancer within 5 cm proximal or 
distant to the Z-line. The Union for International Cancer Control (UICC) has adopted a similar definition 
and suggests that tumours that extend into the oesophagus classified and staged using an oesophageal 
scheme while those without oesophageal extension are staged using the gastric cancer scheme even if 
they occur within 5 cm distant to the GEJ[5]. American Joint Committee on Cancer (AJCC) suggests that 
cancers involving the GEJ that have their epicentre within the proximal 2 cm of the cardia (Siewert Type I/
II) are to be staged as oesophageal tumours while those that are more than 2 cm distal to the cardia should 
be staged as gastric cancer[6].

The importance of accurate and reproducible definition of GEJ cancer is important as the tumour biology, 
management is different and importantly the prognosis is considered worse than that of oesophageal and 
gastric cancer. Even within GEJ tumours there is marked heterogeneity, Siewert Type II and III are known 
to have better prognosis than Siewert I[3]. GEJ tumours are known to demonstrate aggressive behaviour 
with early local invasion and systemic dissemination. As the GEJ tumours borders both the thoracic and 
abdominal cavities there is lymph outf low and therefore lymph node metastasis to both these regions. 
Moreover, the close relationship of the GEJ cancer to an anatomically complex region bordering multiple 
organs means complete resection can only be achieved by multi-visceral resection[7]. 

EPIDEMIOLOGY 
GEJ tumour incidence has dramatically increased in Western population and the distal oesophageal cancer 
type is the dominant oesophageal cancer type in the USA. Similarly, the rates of proximal gastric cancer 
have increased while that of distal gastric cancer has dropped. The rates of GEJ tumours has increased 
between 4%-10% every year in USA since 1976[8-10]. The overall proportion of proximal gastric cancer, 
cancer of the cardia and distal oesophageal cancer accounted for about 30%-40% of all gastric carcinoma 
in Western countries and interestingly, China, far higher than other Eastern centres such as Japan and 
Korea[3,8,9]. However, these numbers have to be taken with a pinch of salt. Historically, the confusion in the 
labelling of GEJ tumours with them being previously labelled as oesophageal or gastric cancers or even 
“unspecified” under the World Health Organization’s International Classification of Diseases for Oncology 
codes could lead to an erroneous result. A study conducted in Sweden revealed that the true incidence 
could be up to 45% higher or 15% lower than reported in its national registry[11]. The secular trend of rising 
incidence of GEJ tumours has to be interpreted with caution. 

RISK FACTORS
The etiology of GEJ tumours is still unclear. Much of its alarming rise has been blamed on increasing 
trends of obesity and GERD. This is likely to explain the rise in Siewert I tumours, which arise from areas 
of intestinal metaplasia in the distal oesophagus contributed by chronic GERD due to obesity. However, 
it is still unclear if metaplasia is due to acid reflux or bile reflux into oesophagus. Analysis of oesophageal 
f luid in patients with GERD found that they contain 10 times more bile than normal controls[12]. 
Animal studies also have shown that duodenal f luid induces Barrett’s oesophagus and oesophageal 
adenocarcinoma[13,14]. This might explain why use of acid suppression agents has not lowered the rates of 
GEJ tumours[1].

Increasing rates of GERD due to acid or bile irritation does not explain the rise in Siewert Type II and III 
tumours. An analysis of GEJ tumours by Siewert et al.[15] found that in contrast to Siewert Type I tumours 
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intestinal metaplasia was only found in 10% of patients with Type II and rare in patients with Type III 
tumours which suggests chronic GERD cannot fully explain the surge in Type II and III tumours and that 
other factors maybe at play. 

Obesity has been consistently implicated as a risk factor for development of GEJ. Apart from the 
mechanical pathway resulting in increased reflux, there maybe independent inflammatory and hormonal 
mediators. An Australian study, showed that obesity in combination with frequent reflux were risk factors 
for development of GEJ tumours than either acting alone suggesting that synergistic as opposed to additive 
effects was most likely[16].

Infection with H. pylori is associated with increased rates of gastric cancer via mechanisms of chronic 
inf lammation however there is an inverse association with H. pylori infection and incidence of GEJ 
tumours. A study by Whiteman et al.[17] found that H. pylori was inversely associated with GEJ 
adenocarcinoma tumours with odds ratio (OR) 0.41. It is not well understood how the infection confers 
a protective benefit but the potential mechanism include decreased acid production and microbiome 
alteration[18]. It is interesting note that the decreasing incidence of H. pylori over time parallels the 
increasing incidence of GEJ tumours. 

Smoking has been found to have a strong association with GEJ tumours. A pooled analysis of multiple 
primary studies from the Barrett’s Esophagus and Esophageal Adenocarcinoma Consortium (BEACON)[19] 
found that smoking was positively associated with GEJ adenocarcinoma (OR = 2.18, 95%CI: 1.84-2.58), and 
also demonstrated a strong dose-response association. 

The other factors found to be associated with GEJ tumours include alcohol intake, intake of highly processed 
meat diet while intake of high fibre diet and medications such as non-steroidal anti-inflammatory drugs are 
thought to confer a protective effect[18]. Further studies are required to provide more conclusive evidence. 

MANAGEMENT 
Management of GEJ tumours is challenging as they involve two contiguous organs and also straddle the 
thoracic cavity and abdominal cavity via hiatal opening.

Management of GEJ cancers depends on the stage of the tumour. For early tumours there is a role for 
endoscopic submucosal dissection (ESD) but advanced tumours require multimodality treatment including 
surgery.

Role of endoscopic treatment in early stage GEJ cancer
With the development of the Insulated-tip diathermic knife (IT-knife) in late 1990 and subsequent 
development of the ESD technique in 2003, the endoscopic management of early gastrointestinal tumours 
including early gastric cancer and early esophageal cancer became feasible and popular[20-23]. ESD has been 
accepted as the minimally invasive curative treatment option for superficial early gastrointestinal cancers 
including those of stomach, esophagus and colonic origins[24]. However, the indication of endoscopic 
treatment for early GEJ cancers including Barret’s adenocarcinoma has not been clearly established due to 
unclear pattern of lymph node metastasis[25]. Meta-analysis of 6 retrospective studies have demonstrated 
the safety and feasibility of ESD on early superficial GEJ cancers[26]. Five studies used curative criteria 
for gastric cancer and one study used the criteria for esophageal cancer. 269 patients who met the 
curative resection criteria did not have any local or distant metastases. Out of 90 patients who underwent 
noncurative resection, 3 (3.3%) presented with local recurrence and 2 (2.2%) presented with distant 
metastasis. The study was limited by the small number of patients with short duration of follow-up. A 
group from Korea compared outcomes of 79 patients with Siewert II adenocarcinoma who underwent ESD 
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compared to surgery. The 5-year overall survival rates were similar in both groups. There was no gastric 
cancer related death in each group and the incidence of treatment-related adverse events was similar in 
both groups leading the authors to conclude that ESD may be an effective alternative to surgery with 
comparable long-term oncologic outcomes[27]. ESD has a good safety profile with low number of adverse 
events reported by many centers[28,29]. According to one comparative study, ESD was associated with much 
less adverse events compared to surgery group (10% vs. 17.9%). ESD is a highly skilled procedure mainly 
performed in Asian centers and many authors have described a steep learning curve for those performing 
ESD especially for GEJ tumours, therefore appropriate training including simulation based practice within 
a training framework must be enforced to increase safety and efficacy[30-32]. Based on current evidence, ESD 
for superficial early EGJ cancers is feasible and safe with favorable long-term outcomes however further 
work is necessary to establish specific resection criteria for ESD of GEJ tumours. 

Surgical management of GEJ tumours
There are various surgical strategies for management of GEJ cancers. They include esophagectomy with 
partial gastrectomy or extended total gastrectomy with or without thoracotomy. Individualization of the 
surgical strategy and adherence to sound oncological principles with aims of radical lymphadenectomy 
with negative margins for the resectable GEJ tumours is key in attaining good outcomes. Tumour location 
as per Siewert Classification and location of enlarged lymph nodes are critical factors in determining the 
surgical strategy. 

The pattern and frequency of lymph node metastasis differ according to the epicenter of the tumour 
location and histology[33-36]. Matsuda et al.[37] carried out clinicopathological correlation of surgically 
resected GEJ tumours and found that the frequency of mediastinal lymph node metastasis was also found 
to be higher in squamous cell carcinoma than adenocarcinoma (46.7% vs. 7.5%).

Regardless of the Siewert classification, the majority of the junctional tumours metastasise to the 
perigastric/abdominal regional lymph nodes[36,37]. The frequency of mediastinal lymph node metastasis 
differs significantly depending on the Siewert types. The mediastinal lymph node metastasis was only 
9% in Type III compared to 30% in Type II and 46% in Type I tumours while abdominal lymph nodes 
metastasis are found to be 51%, 71% and 91% respectively for Type I, II and III tumours[35]. Hence, choice of 
surgery and lymphadenectomy need to be tailored according to the epicentre and histology of the tumor. 

Siewert type I tumours are considered as lower esophageal tumours with potential lymph node metastasis 
to mediastinal and abdominal lymph nodes. Subtotal esophagectomy with partial gastrectomy is considered 
to be a superior approach for type 1 tumours. Siewert type 3 tumours are considered proximal gastric 
cancer with potential lymph node metastasis to lower mediastinal and abdominal lymph nodes. Extended 
total gastrectomy with distal esophagectomy is considered more appropriate for type 3 tumour[15,38-40].

Siewert type II tumours are true junctional tumours and choice of surgical approach is controversial. In 
a retrospective study comparing transmediastinal esophagectomy with partial gastrectomy and extended 
total gastrectomy with transhiatal distal esophagectomy, it was demonstrated that the latter was associated 
with fewer post-operative morbidity and mortality without any difference in survival[38]. However, the 
subgroup analysis of those patients with R0 resection showed that extended total gastrectomy and not a 
transmediastinal oesophagogastrectomy was an independent predictor for long term survival. 

There were two phase III randomized control trials which compared two operative strategies for 
GEJ cancers[41,42]. In the Dutch Trial, 220 patients with Siewert Type I and II tumours were randomly 
assigned to transhiatal esophagectomy (THE) vs. extended transthoracic esophagectomy and en-bloc 
lymphadenectomy (via right thoracic cavity) (TTE)[41]. THE was associated with lower morbidity such as 
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pulmonary complications and chylothorax. Although median overall, disease-free, and quality-adjusted 
survival did not differ statistically between the groups, there was a trend toward improved long-term 
survival at five years with the extended transthoracic approach. In the follow-up study on 5 year survival, 
there was no significant overall survival benefit for either approach (36% in TTE vs. 34% in THE, P = 
0.71[43]. However, extended TTE for type I esophageal adenocarcinoma showed a trend towards better 
5-year survival (51% vs. 37%, P = 0.33). Moreover, patients with a limited number of positive lymph nodes 
in the resection specimen seem to benefit from an extended transthoracic esophagectomy.

In the Japanese JCOG 9502 trial, patients with Siewert II and III cancers were assigned to either transhiatal 
approach (TH) or left thoracoabdominal approach (LTA)[42]. TH consisted of a total gastrectomy with D2 
lymphadenectomy (including splenectomy) via a laparotomy. Thoracotomy on either side was allowed to 
achieve a complete (R0) resection only when the proximal surgical margin was positive (determined either 
macroscopically or microscopically by frozen section) and no further transhiatal oesophageal resection 
was possible. In LTA group, a thorough mediastinal nodal dissection below the left inferior pulmonary 
vein was undertaken with oesophagectomy of sufficient length. The trial was closed prematurely as the 
planned interim analysis concluded that the LTA approach was associated with higher morbidity and 
mortality including postoperative complications such as pulmonary complications; 49% vs. 34%, P = 0.06) 
and in-hospital mortality (4% vs. 0%, P = 0.25). Although statistically insignificant, both 5 years (38% vs. 52%) 
and 10 years survival (24% vs. 37%) were found to be lower with LTA group[44]. 

Complete R0 resection of GEJ tumours is key to achieving good survival outcomes. Systematic review and 
meta-analysis of fourteen studies involving 2433 patients with oesophageal cancer who had undergone 
oesophagectomy showed that circumferential resection margin (CRM) involvement was associated with 
significantly higher 5-year mortality rate (OR 2.05, 95%CI: 1.41-2.99; P < 0.001)[45]. 

There are few options for reconstruction after resection of GEJ tumours. For Type II and Type III 
tumours, after extended total gastrectomy and distal esophagectomy the reconstruction is usually done 
with Roux-En-Y esophago-jejunostomy. For Type I tumours, combined transabdominal and transthroaic 
approach is required to perform enbloc eosophagectomy and proximal gastrectomy together with 2 field 
lymphadenectomy. The other available option is a left throacoabdominal approach with intrathoracic 
anastomosis know as Sweet esophagectomy. The stomach is used as a conduit to perform intrathoracic 
oesophagogastrostomy for reconstruction. In some patients, if gastric conduit is unsuitable, due to previous 
surgery, the jejunum and colon are both possible conduit options. 

Open versus minimally invasive approach
Evidence suggests that transthoracic approach with radical lymphadenectomy may be an oncologically 
superior operation with better long-term survival with the downsides of increased operative morbidity 
and mortality especially pulmonary complications. Minimally invasive approaches may be a promising 
alternative with decreased post-operative complications without compromising the radicality of the 
surgery. The current evidence suggests the potential benefits for minimally invasive esophagectomy 
approach to GEJ tumours include smaller incisions, less intraoperative blood loss fewer postoperative 
complications, shorter admission to the intensive care unit and overall hospital stay, better preservation 
of postoperative pulmonary function and equivalent quality of lymph node dissections[46-49]. The evidence 
for minimally invasive surgeries for GEJ tumours is convincing, however more prospective studies are 
required to evaluate the long-term oncological outcomes.
 
Multimodality management of GEJ tumours
Multimodality treatment strategies in locally advanced GEJ tumours (T2 and higher or node positive) 
result in improved outcomes. These strategies include neoadjuvant and adjuvant chemotherapy with 
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or without radiation therapy in addition to surgery. The multimodality treatment has now become the 
standard of care for advanced GEJ cancers. However, the best approach to multimodality treatment for GEJ 
cancers is not established yet as GEJ tumours represent only a small subset of cohort in most of clinical 
trials[50-53]. Even though adjuvant chemotherapy has been proven to be beneficial and improve survival 
outcomes compared to surgery alone in gastric cancers, the role of adjuvant chemotherapy in GEJ tumours 
is still unclear as there are no large trials conducted for GEJ cancers specifically and are often categorised 
under the subset of gastric cancers[54,55]. 

Adjuvant chemoradiotherapy is one possible option for patients with GEJ tumours who didn’t receive the 
preoperative treatment with survival benefit demonstrated in US intergroup 0116 trial[53]. This regimen also 
known as the “Macdonald regimen” is the current standard of adjuvant treatment for patients with gastric 
cancer. Of the 559 patients recruited in this trial only 20% had GEJ cancers. Adjuvant chemoradiotherapy 
produced substantial reduction in both overall relapse and locoregional relapse as well improved overall 
survival, hazard ratio (HR) 1.32 (95%CI: 1.10-1.60; P = 0.0046)[53]. One major criticism of the study was that 
only 10% of patients had received D2 lymphadenectomy and therefore the improvement in relapse rates 
and survival could be due to potential compensation of an oncologically inadequate surgery.

Neoadjuvant or perioperative chemotherapy with or without radiation therapy have proven to be effective 
in improving survival. The MAGIC trial compared patients who underwent surgery alone to surgery plus 
perioperative chemotherapy (3 cycles of preoperative and 3 cycles of postoperative epirubicin, cisplatin and 
infusional flurouracil)[50]. Of the 503 patients recruited only 11% had GEJ tumours. Compared to surgery 
alone group, the perioperative chemotherapy group had higher overall survival (HR for death, 0.75; 95%CI: 
0.60-0.93; P = 0.00936 percent vs. 23 percent) and progression-free survival (HR for progression, 0.66; 
95%CI: 0.53-0.81; P < 0.001).

The Dutch Chemoradiotherapy for Esophageal Cancer Followed by Surgery Study (CROSS) trial included 
22%of patients with GEJ cancers and compared the effectiveness of neoadjuvant chemoradiation over 
surgery alone[52]. Overall survival was significantly better in the neoadjuvant chemoradiotherapy group 
(HR, 0.657; 95%CI: 0.495-0.871; P = 0.003). The survival benefit in chemoradiation group was persistent in 
the long term with median follow up of 86.4 months[56]. 

The Preoperative therapy in Esophagogastric adenocarcinoma Trial (POET) was the only trial which 
compared neoadjuvant chemotherapy versus chemoradiotherapy in locally advanced GEJ adenocarcinoma[57]. 
Although the study ended prematurely due to lower accrual, there was a trend observed towards improved 
3-year survival in the chemoradiation group (47.4% vs. 27.7%; P = 0.07). The long-term follow-up of the patients 
also showed a trend in improved overall 5-year survival in favor of preoperative chemoradiotherarpy (HR 
0.65, 95%CI: 0.42-1.01, P = 0.055).

A meta-analysis including 24 studies concluded that there was strong evidence for survival benefit of 
neoadjuvant chemoradiotherapy or chemotherapy over surgery alone in patients with esophageal carcinoma 
including GEJ cancers[58]. However, there was no clear advantage of neoadjuvant chemoradiotherapy over 
neoadjuvant chemotherapy according to the study.

CONCLUSION
The management of GEJ junction tumours is challenging and there is no one-size-fit-all strategy. The 
endoscopic option can be considered for early tumours especially for those patients with high risk for 
surgery. The surgical approach for advanced GEJ cancers should be tailored according to the histological 
subtype, extent of oesophageal and/or gastric invasion, clinical and radiological lymph node involvement, 
achievement of negative resection margins with R0 resection as well as achievement of safe anastomosis for 
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reconstruction. Minimally invasive approach is promising especially in experienced hands however more 
data on long-term oncological results is needed. 

Multimodality treatment is superior to surgery alone in locally advanced resectable GEJ tumours. The 
advantages of neoadjuvant or perioperative treatment are downstaging of tumour, reducing the risk of 
recurrence, improving rates of R0 resection and improving outcomes after complete resection. At present, 
there is no global consensus on the optimal multimodality management of GEJ tumours. Further studies 
are needed to explore the optimal treatment strategy including surgical approach, sequence and regimen of 
multimodality management .
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Surgery has evolved greatly in the last decades, being the development and widespread application of 
minimally invasive surgery for a critical protagonist such evolution for nearly all surgical fields. In the field 
of hepatobiliary surgery, the introduction of new technological devices along with several improvements 
in anesthetic management and surgical techniques have brought us nowadays to a reality in which most 
patients suffering from liver tumors can safely benefit from a minimally invasive approach at some point 
of their treatment pathway[1-3]. For those patients who are candidates to curative intent liver resection, 
laparoscopic approach has gained increasing importance within modern oncological liver surgery, with 
recent evidence showing a faster recovery and uncompromised long-term outcomes[4]. On the other hand, 
minimally invasive percutaneous, endovascular or endoscopic palliation has also evolved greatly in recent 
years, allowing chemotherapy treatment and a better quality of life for those patients who are not up-front 
candidates to surgical resection[1-3].

The aim of this Special Issue was to portray in full range the state-of-the-art minimally invasive surgical 
techniques that form the up-to-date armamentarium to manage patients with liver tumors. This special 
issue would not have been produced without the outstanding contributions of experts from Brazil, 
Germany, Italy and India, who present their experience and discuss topics such as minimally-invasive liver 
resection for liver tumors both in adults and children, quality-of-life evaluation after laparoscopic liver 
resections, enhanced recovery after surgery in liver resections and endoscopic ultrasound-guided drainage 
of the biliary tree in malignant obstructions[5-9]. 

I want to express my gratitude to these authors for their time and effort in producing high-quality original 
manuscripts that demonstrate the many benefits of minimally invasive management of liver tumors 



and confirm that these approaches will certainly keep developing in the years to come for the good of 
our patients. Finally I would like to thank the Mini-invasive Surgery Journal, its editorial Board and 
the Assistant Editor Ms. Anne Niu, for honoring me with the invitation to serve as Guest Editor for this 
Special Issue.
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Abstract
The incidence of adenocarcinoma of esophagogastric junction (AEG) has been increased continuously in the past 

decades, especially in western countries. Siewert type II is regard as the true AEG because of its location, however, 

the treatment for Siewert type II AEG has not reached a consensus in the academic. According to published studies 

nowadays, this commentary will introduce the surgical strategies and put forward suggestions for Siewert type II 

AEG in several aspects as follows: (1) optimal surgical approach; (2) optimal extent of lymph node dissection; (3) 

reconstruction methods. With the development of minimally invasive surgery, many experienced surgeons perform 

esophagogastrostomy via transhiatal approach. Moreover, many details during the surgery still need further research by 

cooperation between different departments and even countries.

Keywords: Esophagogastric junction, adenocarcinoma, surgical approach, reconstruction

INTRODUCTION
The incidence of adenocarcinoma of esophagogastric junction (AEG) has been increased continuously 
in the past decades, especially in western countries[1,2]. AEG refer to the adenocarcinoma which straddle 
the gastroesophageal junction (EGJ). EGJ is the region where the esophagus joins the stomach[3]. There 
are different methods to identify the EGJ including surgical, physiology, histology, endoscopy or upper 
gastrointestinal imaging[4,5]. In terms of conveniences, the surgeons usually regard the boundary of the 
tubular esophagus and the saccular stomach as EGJ in the surgery.



Siewert classification, one of the most widely used classifications today for AEG, was come up by Siewert 
in 1987[6]. In this classification, AEG was defined as the tumor whose epicenter located within 5 cm oral 
and aboral of the esophagogastric junction[7]. Siewert type I refers to the tumor whose epicenter located 
1-5 cm above the EGJ, and it is usually regarded as esophagus cancer. Siewert type II tumor is considered 
as true AEG with a center within 1 cm above and 2 cm below EGJ. Siewert type III, with whose center located 
2-5 cm below the EGJ, is treated as gastric cardia tumors. Because AEG has unusual oncology behavior and 
characteristics, the treatment for type II remains controversial. The aim of this commentary is to introduce 
the surgical strategies for type II AEG in recent years.

OPTIMAL SURGICAL APPROACH FOR SIEWERT TYPE II AEG
For advanced AEG, surgery remains predominant treatment because of the possibility of lymph node 
involvement. The appropriate surgical approach should take a lot into consideration including oncology 
safety, lymph node dissection and resection margin involvement. In Japan, no matter which type of AEG 
is treated by upper gastrointestinal surgeons. However, in China, gastric cancer belongs to abdominal 
surgery, and esophagus cancer belongs to thoracic surgery. For Siewert type II AEG, transthoracic and 
transhiatal are two major surgical approach. Different surgeons have different opinions on surgical 
approach.

The Japan Clinical Oncology Group (JCOG) conducted a randomized controlled multicenter clinical trial 
in Japan (JCOG9502). 167 patients with cancer of Siewert type II or III were enrolled from 27 hospitals in 
japan and randomly assigned to abdominal transhiatal approach (TH) or left thoracoabdominal (LTA). 
The aim of this trial was to explore whether LTA, compared with TH, could prolong the overall survival. 
The 5-year overall survival was 52.3% and 37.9% in the TH group and LTA group, respectively, but the 
morbidity was worse in LTA than TH[8]. Subgroup analyses showed no survival benefit for Siewert II 
patients in LTA group. Moreover, with respect of six selected major complications (pancreatic fistula, 
abdominal abscess, pneumonia, anastomotic leak, empyema thoracis and mediastinitis), the incidence was 
significantly higher following the LTA than the TH group: 41% vs. 22% (P = 0.008). And there were two 
treatment-related death in LTA group[9]. Therefore, LTA approach is not recommended for Siewert type II 
AEG with the length of esophagus invasion ≤ 3 cm.

Another trial focused on the best approach for esophageal carcinoma. It randomly assigned 220 patients 
with adenocarcinoma of mid-to-distant esophagus or adenocarcinoma of the gastric cardia involving 
the distal esophagus to transhiatal esophagectomy (THE) or right transthoracic esophagectomy (TTE, 
Ivor-Lewis) with extended lymphadenectomy. Ivor-Lewis is a right transthoracic surgical approach for 
distal esophagus cancer, which was introduced by Lewis in 1946[10]. And this approach was widely used 
in western countries. This approach has two procedure which includes gastrectomy and abdominal 
lymphadenectomy for stage I, then a right thoracotomy with esophageal resection and peri-esophageal 
lymphadenectomy for stage II. Ivor-Lewis was associated with more in-hospital morbidity than transhital. 
After transhiatal and transthoracic resection, 5-year survival was 34% and 36% (P = 0.71), respectively. 
Although no statistically difference founded among groups, there was a trend toward improving long-
term survival at five years with Ivor-Lewis approach. In subgroup analysis based on Siewert classification, 
a 5-year survival benefit of 14% was found in transthoracic group for Siewert type I (51% vs. 37%, P = 0.33) 
than transhital group[11,12], which indicated that Ivor-Lewis may have no benefits for type II AEG. It may 
be related to TTE could gain more involved lymph nodes than THE in type I AEG. Recently a single 
center reviewed 242 Siewert type II AEG retrospectively, of whom 56 (23.1%) underwent thoracoabdominal 
esophagectomy (TAE) and 186 (76.9%) had a transhiatal extended gastrectomy (THG). No difference in 
morbidity (P = 0.197) and mortality (P = 0.711) were observed, including anastomotic leakages (P = 0.625) 
and pulmonary complications (P = 0.494). And the number of resected lymph node and rate of R0 resection 
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have no difference as well. Overall survival after TAE was significantly longer than after THG (33.6 months 
vs. not reached, P = 0.02)[13]. It suggested TAE isn’t worse than THG for Siewert type II AEG, especially for 
advanced patients who had neoadjuvant chemotherapy. But this study didn’t report the length of esophagus 
invasion, which may influence the surgical approach chosen.

In terms of surgical extent of type II AEG, it is related to surgical approach. In order to evaluate the 
worldwide trends in surgical techniques for esophageal cancer surgery, a worldwide survey was performed 
among surgeons. In Asia gastrectomy was more popular, whereas in North America the majority procedure 
was esophagectomy[14]. And thoracic surgeons may prefer distal esophagectomy, while abdominal surgeons 
prefer proximal or total gastrectomy via transhital approach. And a sufficient resection margin is another 
prognostic factor for oncology safety. Mine et al.[15] demonstrated that proximal margin length of more 
than 20 mm in resected specimens seem satisfactory for patients with type II AEG by transhital approach. 
Frozen section examination of the resection line is recommended by the Japanese gastric cancer treatment 
guidelines to ensure an R0 resection[16].

On the basis of the best evidence so far, JCOG 9502, for Siewert type II AEG with esophagus invasion of 3 
cm or less, transhiatal approach is safety and effective. It is necessary to conduct well-designed multicenter 
clinical trials to investigate appropriate approach for type II AEG with a larger lesion.

OPTIMAL EXTENT OF LYMPH NODE DISSECTION FOR SIEWERT TYPE II AEG
Siewert type II AEG is located in the boundary of distal esophagus and gastric cardia, the pathway of 
lymph metastasis is not same as esophagus or gastric cancer alone. In previous retrospective study, 
mediastinal lymph node involvement rate was 46.2%-65.0% for type I, 12.0%-29.5% for type II, and 6.0%-9.3% 
for type III tumors[17,18]. Nunobe et al.[19] claimed that the more esophagus invaded, the higher lymph node 
metastasis rate is. 

The optimal extent of lymph node dissection for Siewert type II AEG remain uncertain. A nation-wide 
retrospective study of lymphadenectomy for EGJ cancer was conducted in 2012 in Japan[20]. 2807 patients 
without preoperative therapy were included in the analysis. The frequency of dissection for mediastinal 
lymph node was higher in esophagus-predominant cancer than stomach-predominant cancer. With 
respect to esophagus-predominant cancer, the lymph node dissection rate is higher in lower mediastinal 
lymph node than upper or middle mediastinal (40% vs. 15%). For stomach-predominant cancer, the 
mediastinal lymph node dissection focuses mainly on lower mediastinal, and advanced cancer especially. 
The possibolity of metastasis rose as the pT stage increased, and rates of metastasis is high in No. 1, 2, 3, 7. 
Mediastinal lymph node metastasis could be found in esophagus-predominant cancer, especially in lower 
mediastinal. On the contrast, it is rare in stomach-predominant. And rates of metastasis at No. 4sa, 4sb, 
4d, 5 and 6 were very low, despite their high dissection rates especially in stomach-predominant cancer 
cases. Therefore, lymph node metastasis is mainly in the abdominal and lower mediastinal for Siewert type 
II AEG. Another study has similar result. It reviewed 381 Siewert type II AEG retrospectively. The nodal 
metastasis mainly founded in No. 1, 2, 3, 7, 11p and lower mediastinal. The middle and upper mediastinal 
metastasis rate is low, but related to extremely poor prognosis[21].

It still doesn’t have a standard lymph node dissection extent. The Japanese Gastric Cancer Association 
published a temporary lymphadenectomy guideline for junctional cancer ≤ 4 cm. It is based on the tumor 
location, histology and T-categories[16]. Abdominal lymph node dissection can refer to gastric cancer, and 
No 4, 5, 6 can be omitted in early stage cases, because of low metastasis rate. Lower mediastinal should 
dissect routinely, but upper and middle mediastinal not. According to personal experience, lower thoracic 
paraesophageal lymph nodes (No. 110) and supradiaphragmatic lymph nodes (No. 111) can be resected 
via transhital approach, but it’s difficult to resect posterior mediastinal lymph nodes (No. 112) because of 
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limited space. In terms of peri-esophageal lymphadenectomy, transthoracic approach may have superiority 
for en bloc lymphadenectomy[22].

RECONSTRUCTION METHODS FOR SIEWERT TYPE II AEG
Reconstruction is one of the most difficult steps during the surgery. For early type II AEG, lower esophagectomy 
plus proximal gastrectomy seems enough, because of low para-stomach nodal metastasis rate in No. 4, 5 
and 6. While as for advanced type II AEG, lower esophagectomy plus total gastrectomy is essential[23]. There 
are many reconstruction methods for proximal gastrectomy, including esophagogastrostomy, gastric tube 
reconstruction[24,25], double tract[26], different kinds of jejunal interposition and double flap method[27,28]. The 
major concern for proximal gastrectomy is the high incidence of postoperative complications, reflux esophagitis 
especially, which is a negative factor for quality of life. Many reconstruction methods are meant to resist reflux, 
while it remains lacking consensus. A retrospective study demonstrated that double tract reconstruction is a 
simple and effective method in decreasing reflux esophagitis compared with Roux-en-Y[29]. It still needs RCT to 
provide high-grade evidence for the method.

Compared with open surgery, minimally invasive surgery has unique advantages, such as acceptable lymph 
node retrieval, good postoperative outcomes, and low mortality[30]. Many experienced surgeons choose 
minimally invasive surgery for type II AEG[31]. Laparoscopic-assisted proximal gastrectomy is prevalent for 
type II AEG. Because circular stapler can finish a higher anastomosis level, it is easier for type II AEG with 
R0 resection. And the key procedure of using circular stapler in totally laparoscopic procedure is placing 
the anvil to the stump of esophagus. Transorally inserted anvil (OrVil)[31,32] and hemidouble stapling 
technique[33] are two easy methods to accomplish that. Recently, it has become more and more popular 
for totally laparoscopic technique. Liner stapler is a good choice for totally laparoscopic anastomosis, such 
as Overlap method[34]. But compared with laparoscopic-assisted gastrectomy, which could provide some 
reference for the border of tumor through a sense of touch, it is harder to ensure R0 resection, especially 
in advanced type II AEG. In addition, there is little space to use such devices, especially for type II AEG 
which needs a high anastomosis level. Takiguchi et al.[35] introduce laparoscopic mediastinal dissection via 
an open left diaphragm approach for advanced type II AEG. Firstly, divide phrenicoesophageal ligament 
around the esophagus along the esophageal hiatus. Then, open the left side of mediastinal pleura and 
incise the left diaphragm with a 60-mm linear stapler. So that, it creates a clear space and a good view for 
the further mediastinal lymph node dissection and reconstruction. Although no severe complication was 
seen in this study, it is still unknown whether this method is more harmful compared with transthoracic 
approach like Ivor-Lewis. The method may lead to a larger trauma which needs to place an intrathoracic 
drainage tube. And a larger sample size was needed to provide more evidence.

The incidence rate of AEG has been on the rise for decades. Siewert classification has become the standard 
classification for AEG. Siewert type I AEG should be treated as esophagus cancer, while type III should 
be regarded as gastric cancer. Because of the unique location of Siewert type II AEG, the treatment still 
doesn’t reach consensus. Surgery remains the fundamental treatment, a lot of detail during surgery are 
needed to research in the future.
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Abstract

The incidence of esophagogastric junction (EGJ) cancer is increasing in the world. EGJ cancer is traditionally classified 
by the Siewert classification, despite its limitations. The definition and classification of EGJ cancer is a controversial 
topic. Thus, the best available strategy for the surgical treatment of EGJ cancer remains controversial. This chapter 
reviews a minimally invasive approaches for EGJ cancer. Most operations for EGJ cancer that are performed by 
open surgery can be performed minimally invasively. A minimally invasive transthoracic approach (Ivor-Lewis or 
McKeown esophagectomy) is the optimal surgical approach for Siewert type I cancer. Mediastinoscope-assisted 
transhiatal esophagectomy, which was recently reported, may be a suitable surgical option, especially for frail 
patients with Siewert type I cancer. Generally, laparoscopic total or proximal gastrectomy is regarded as the standard 
for surgerical method for Siewert type III cancer, while both laparoscopic gastrectomy (with lower esophagectomy) 
or a minimally invasive Ivor-Lewis approach are recommended for Siewert type II cancer. Minimally invasive 
surgery (MIS) has the potential to shorten the length of hospitalization, reduce the risk of postoperative pulmonary 
complications, and improve quality of life with a similar margin status, nodal harvest, and survival rate to open 
techniques. However, as the existing literature is still limited, the choice of surgical method should be judged by the 
experienced surgeons, especially in MIS. This review reveals that further large clinical stuidies are need to deepen 
our understanding of MIS for EGJ cancer. 

Keywords: Esophagogastric junction cancer, thoraco-abdominal approach, transhiatal approach, minimally invasive 
esophagectomy



INTRODUCTION
Esophageal cancer and gastric cancer are among the most common malignancies worldwide, and are a main 
causes of cancer-related mortality[1]. The term “esophagogastric junction (EGJ) tumor” refers to a tumor 
that arises close to the esophagogastric junction. The incidence of EGJ cancer has dramatically increased 
in the last decade[2]. In Eastern countries, westernized lifestyle habits, Helicobacter pylori infection, obesity, 
a combination of alcohol and smoking, and the increased incidence of gastroesophageal reflux disease are 
thought to be possible reasons[3].

EGJ cancers are traditionally classified into one of the three categories of the Siewert system, which is the 
most commonly used classification system, based on the location of the epicenter of the given tumor.

Type I: Adenocarcinoma of the distal esophagus with the center located within 1 to 5 cm above the anatomic 
EGJ. Type II: True carcinoma of the cardia infiltrating from 1 cm on the side of the esophagus up to 2 cm 
below the GEJ in the stomach. Type III: Subcardial gastric carcinoma with the tumor center between 2 and 
5 cm below the GEJ. 

Meanwhile, in the Japanese Classification of Gastric Carcinoma, EGJ cancer has been defined as cancer 
with its center located within 2 cm of the EGJ since 1972. In 2012, the Japanese Gastric Cancer Association 
and Japan Esophageal Society joint force conducted a nationwide surveillance of EGJ cancer of < 4 cm in 
diameter, which included the retrospective data of 3,177 patients from 273 institutions[4]. The joint force 
presented an algorithm showing the tentative standard in the extent of lymphadenectomy, based on this 
surveillance, in Japanese Gastric Cancer Treatment Guidelines, 2014 (ver. 4). Similarly, the American Joint 
Committee on Cancer (AJCC) has changed the definition of EGJ cancer to a cancer whose epicenter is 
within the proximal 2 cm of the cardia (Siewert I/II) in the eighth edition of the TNM classification[5]. 
However, they categorized EGJ cancer as an esophageal cancer and staged it accordingly. Meanwhile, The 
National Comprehensive Cancer Network, recommends that Siewert type III tumors should be treated as 
gastric cancers, since their lymph nodal flow and prognosis are different from Siewert type I and type II 
cancers[6]. Thus, a current concern of surgeons is whether Siewert type II and III cancer should be regarded-
and thus surgically approached-as the same tumor. The lack of consensus regarding the definition of EGJ 
cancer and the classification scheme that could affect the standard of care for this category contribute to this 
controversy[7].

Minimally invasive surgery have been gaining popularity in recent years. Cuschieri et al.[8] first described the 
successful performance of thoracoscopic esophagectomy for esophageal cancer in 1992, and several authors 
have reported their experience with good results[9,10]. The first laparoscopy-assisted distal gastrectomy was 
reported by Kitano et al.[11] Thereafter, many clinical trials have unveiled the benefits of this technique, 
generally revealing surgical and oncological outcomes that are equal to those of open surgery[12,13]. Minimally 
invasive surgeries have evolved for the purpose of further reducing postoperative complications and 
enhanced recovery. Intrducing minimally invasive esophagectomy (MIE) for esophageal cancer has some 
potential benefits over conventional open esophagectomy (OE)[14]. In this article, we reviewed the existing 
evidence and rationale for minimally invasive surgeries of EGJ cancer.

SURGICAL APPROACH FOR THE EGJ CANCER
Although, the optimal surgical approach for these tumors remains under debate, three main surgical 
approaches are applied in the resection of EGJ tumors: transthoracic esophagectomy (the right transthoracic 
approach and the left transthoracic approach), transhiatal esophagectomy, and total gastrectomy. All three 
approaches enable a minimally invasive approach to be pursued. Irrespective of the surgical method and 
tumor stage, complete removal of the primary tumor is most relevant to prognosis[15]. 
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The right transthorathic approach is possible to ensure a sufficient proximal margin even in EGJ cancer with 
long esophageal invasion. The upper mediastinal LNs can be removed by this approach. However, because 
of the surgical stress associated with thoracotomy, careful management is required to avoid postoperative 
pneumonia. There are two types of left transthorathic approaches in open surgery: the left thoracoabdominal 
approach, with an oblique incision from the left thorax to the abdomen, and left thoracophrenolaparotomy, 
which includes laparotomy and transdiaphragmatic thoracotomy. The one of the merit of these techniques is 
no requirement of repositioning during surgery. However, it is not possible to dissect the upper and middle 
mediastinal LNs with these approach.

The transhiatal approach, consists of transhiatal surgery on the abdomen and lower mediastinum and does 
not require thoracotomy. The procedures in the lower mediastinum include lower esophagectomy and only 
peri-esophageal LN dissection. Respiratory damage appears to be less than with the other approaches. 
Although en bloc dissection of the lower mediastinal LNs is possible, the surgical view of the mediastinum 
of this approach in open surgery is worse compared with the other approaches.

In general, Siewert type I cancer should be treated with en bloc transthoracic or transhiatal resection. The 
transthoracic approach is most beneficial, especially in advanced Siewert type I cancer, and the appropriate 
extent of lymphadenectomy (two-field Ivor-Lewis esophagectomy or three-field McKeown esophagectomy) 
remains a focus of discussion[16,17]. Generally, transhiatal esophagectomy has limitations due to the inability 
of mediastinal lymphadenectomy and should therefore be applied for frail patients. 

The standard surgical approach for Siewert type II and type III cancers involves total gastrectomy with D2 
lymphadenectomy. In Siewert type II, it involves the transhiatal resection of the distal esophagus with lower 
mediastinal lymphadenectomy. Splenectomy and pancreatectomy are not essential if the tumor is not located 
along the greater curvature and harbors metastasis of the no. 4sb lymph nodes[18]. Furthermore, in Siewert type 
II and III early cancers, recent evidence suggests that proximal gastric resection with D1 + lymphadenectomy 
may contribute to avoid postgastrectomy syndrome without a detrimental effect on complete oncologic 
clearance[19].

Finally, minimally invasive approaches have been developed as a safe and feasible alternative to traditional 
open surgery for the treatment of esophageal cancer[20,21]. Efforts have been made by surgeons to establish 
all types of minimally invasive surgery (MIS), including minimally invasive Ivor-Lewis, McKeown 
esophagectomy, and transhiatal esophagectomy. An en bloc lymphadenectomy method in the upper and 
middle mediastinum with a single-port mediastinoscopic cervical approach that was recently developed by 
a Japanese surgeon is a hot topic in the treatment of EGJ cancer [22]. In combination with lower mediastinal 
lymph nodes dissection using laparoscopic trans hiatal approach, they perform total mediastinal 
lymphadenectomy under pneumomediastinum assistance without thoracotomy. This technique achieves 
minimum invasiveness and has curative potential. Further investigation is needed to evaluate its safety and 
feasibility.

EVIDENCE FOR VARIOUS SURGICAL STRATEGIES IN THE MINIMALLY INVASIVE APPROACH 

FOR CANCER OF THE EGJ
Table 1 summarized the cited results in this manuscript. Schoppmann et al.[23] described a case controlled 
study (n = 31) that demonstrated higher rates of morbidity, transfusion rate, and postoperative respiratory 
complications in MIE comparing to OE. Briez et al.[24] evaluated the impact of a hybrid MIE (HMIE, 
laparoscopic gastric mobilization and open thoracotomy, n = 140) to OE (n = 140) on respiratory complications. 
They found that the incidence of respiratory complications at 30 days after HMIE was significantly lower 
in comparison to OE. Moreover, the in-hospital mortality and overall morbidity rates were significantly 
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lower in the HMIE group. Luketich et al.[9] reviewed 1,033 consecutive patients undergoing MIE and 
revealed reduced blood loss, reduced post-operative complications and a shorter hospital stay, with same 
oncological outcomes. Seeing et al.[25] compared the short-term surgical results of OE (n = 433) with MIE 
(n = 433) after propensity score matching. Although OE and MIE showed similar rates of mortality and 
pulmonary complications, anastomotic leakage and reintervention was more frequently observed after MIE. 
However, MIE was associated with a shorter length of hospitalization . The problem of their study was 
that the complication rates in both groups (62.6% after OE and 60.2% after MIE) were relatively high in 
comparison to historical studies[25,26,27]. Maas et al.[28] also demonstrated that minimally invasive transhiatal 
esophagectomy by a laparoscopic approach (n = 50) is feasible and has the comparable oncologic outcome as 
open transhiatal esophagectomy (n = 50), and a shorter hospital and intensive care unit stay with a similar 
operation time (300 vs. 280 min, P = 0.110). Other retrospective reviews have also revealed that MIE is safe 
without compromising oncologic outcomes in comparison to the OE[29-33].

Dantoc et al.[34] reported a systematic review of 17 case-control studies that compared total minimally 
invasive (thoracoscopy “and” laparoscopy, n = 494) or hybrid MIE (thoracoscopy “or” laparoscopy, n = 386) 
to OE (n = 718) for esophageal or EGJ cancer. In comparison to OE, MIE and HMIE had a higher number 
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Table 1. Summary of the cited results

author reference# case location procedure methods conclusions
Schoppmann 23 62 esophagus or EGJ MIE, HMIE (I, M) RS higher rates of morbidity, transfusion, 

and respiratory complications in MIE
Briez 24 280 mid- or distal esophagus HMIE (I) RS lower rates of respiratory 

complications,  in-hospital mortality, 
and overall morbidity rates after HMIE

Luketich 9 1,011 esophagus or EGJ MIE (I, M) RS reduced blood loss and post-operative 
complications, and a shorter LOS in 
MIE

Seeing 25 866 esophagus or EGJ MIE (I, M) PMA shorter LOS, but higer rates 
of anastomotic leakage and 
reintervention in MIE.

Maas 28 100 distal esophagus or EGJ MIE (T) RS shorter hospital and intensive care 
unit stay with a similar operation time 
in MIE

Dantoc 34 1,598 esophagus or EGJ MIE, HMIE (I, M) SR higher number of dissected lymph 
nodes in MIE with no difference in 
5-year survival rates

Mamidanna 35 7,502 esophagus or EGJ MIE, HMIE (I, M) RS higher reintervention rate in MIE, but 
no difference in 30-day mortality and 
overall medical morbidity

Zhou 36 14,311 esophagus or EGJ MIE, HMIE (I, M) MA lower rate of in-hospital mortality, 
pulmonary complications, and 
arrhythmia in MIE

Luketich 14 95 mid- or distal esophagus MIE (I, M) PS low peri-operative morbidity and 
mortality in MIE

Biere 37 115 esophagus or EGJ MIE (I, M) RCT lower rates of respiratory 
complications, a shorter LOS and 
better QOL scores in MIE

Mariette 38 207 mid- or distal esophagus HMIE (I) RCT reduced the rate of postoperative 
complications and improved morbidity 
with better global health in MIE

Sihag 40 3,780 esophagus MIE (I, T) PMA longer operation times, higher rates of 
reoperation, but a shorter LOS in MIE

Yerokun 41 4,574 mid- or distal esophagus MIE (I, M) RS higher number of exracted lymph 
nodes and shorter LOS in MIE

Shanmugasundaram 42 573 esophagus or EGJ MIE (M) MA reduced incidence of respiratory 
complication, bleeding, LOS, but a 
longer operating time in MIE 

E esophageal cancer, EGJ Esophagogastoric junctional cancer, I Ivor-Lewis, M McKeown, T Transhiatal, LOS length of hospital stay RCT 
randomized controlled trial, RS retrospective study, PS prospective study, PMA  Propensity-matched analysis, SR systematic review, MA 
meta-analysis



of dissected lymph nodes, while the overall 5-year survival rates of the OE and MIE/HMIE groups did 
not differ to a statistically significant extent. Mamidanna et al.[35] investigated a population-based national 
study evaluating the short-term outcomes following OE (n = 6347) vs. MIE (n = 1155) for cancer in England. 
No differences were observed between the OE and MIE groups with regard to 30-day mortality and overall 
medical morbidity. The reintervention rate of the MIE group was higher than that of the OE group. Zhou et al.[36] 
reported a meta-analysis of 48 studies involving 14,311 cases of resectable esophageal or EGJ cancer. In 
comparison to patients undergoing OE (n = 9,973), those undergoing MIE/HMIE (n = 4,509) had a significantly 
lower rate of in-hospital mortality. Patients undergoing MIE also had significantly lower rates of pulmonary 
complications and arrhythmia. The limitation of this study was that almost all of the included studies were 
non-randomized case-control studies (RCTs, n = 1; observational studies, n = 47), with a diversity of study 
designs and surgical interventions. They concluded that MIE should be the first-choice surgery for esophageal 
cancer patients. However, these findings must be interpreted cautiously due to the selection bias, as the patients 
selected for MIE had early-stage cancer with better physical status.

Luketich et al.[14] conducted a multi-center, phase II, prospective study that revealed that MIE (n = 95) is feasible 
with low peri-operative morbidity (49.5%) and mortality (2.1%), and a 3-year overall survival rate of 58.4%  
Biere et al.[37] conducted a randomized trials of MIE vs. OE for patients with esophageal or EGJ cancer. In 
this study, 59 patients were randomized to the MIE group and 56 patients were randomized to the OE group. 
They revealed the advantages of MIE over OE, including a reduced incidence of postoperative pulmonary 
infections, a shorter length of hospitalization and better quality of life scores, indicating improved patient 
recovery. Mariette et al.[38] conducted a multicenter, randomized controlled trial that included 207 patients 
(MIRO trial). They investigated a HMIE using thoracotoic chest access with laparoscopy for abdominal 
access. In comparison to Ivor-Lewis resection, HMIE reduced the rate of postoperative complications and 
improved morbidity with an equivalent number of dissected lymph nodes, and no difference in resectability 
and curability. In the OE group, 64.4% of the patients had major postoperative morbidity in comparison to 
35.9% in the HMIE group (P < 0.01). The incidence of pulmonary complications was 30.1% in the OE group 
and 17.7% in the HMIE group (P < 0.05). The 30-day mortality rate was 4.9% in both arms. They also reported 
a one-year follow-up results of the quality of life with their RCT participants and demonstrated that the 
MIE group had a better physical component, global health, and postoperative pain[39]. A propensity score 
matched analysis of 3,780 patients who underwent OE or MIE for esophageal cancer by both transhiatal and 
Ivor-Lewis approaches demonstrated that OE and MIE had similar rates of morbidity and mortality. MIE 
was associated with longer operation times, higher rates of reoperation, and empyema, but a shorter median 
length of hospitalization. OE was associated with higher rates of wound infection, postoperative transfusion, 
and ileus[40].

Yerokun et al.[41] investigated the predictive factors associated with the use of minimally invasive approaches 
(n = 1,308) for patients in the National Cancer Database who underwent resection of middle and distal 
esophageal cancers (n = 4,266). In the MIE group, the number of lymph nodes examined was significantly 
higher (15 vs. 13; P = 0.016) and the hospital stay was significantly shorter (10 days vs. 11 days; P = 0.046), 
however the rates of resection margin positivity, readmission, postoperative mortality, and, 3-year survival 
were comparable. With regard to oncological safety, no differences were found in OS or disease-free survival 
after 1 and 3 years of follow-up, with a better quality of life of physical components at 1 and 3 years of 
follow-up[33,39]. Thus, they concluded that MIE is considered to be a safe surgical approach and the majority 
of patients with a resectable cancer of esophagus or EGJ should be treated with MIE. 

Shanmugasundaram et al.[42] reported a meta-analysis of 4 studies involving 573 cases of resectable 
esophageal or EGJ cancer. In comparison to patients undergoing OE (n = 9,973), those undergoing 
McKeown’s-MIE (n = 4,509) had a significantly lower rates of pulmonary complications, less blood loss, and 
a shorter duration of hospital stay but a longer operating time.
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However, since the current literatures are still limited, further large scale RCTs are needed. Thus, at present, 
the surgical method should be decided is at the surgeon’s discretion.

ROBOTIC APPROACHES FOR EGJ CANCER 
The introduction of surgical robots has shown the potential to expand the capabilities of performing complex 
operations through improved visualization and maneuverability. Recently, many surgeons have found 
robot-assisted thoracoscopic and transhiatal esophagectomy to be safe and acceptable for the treatment of 
esophageal and gastric cancer[43]. Future randomized trials are expected to establish this procedure as one 
of the best approaches for esophageal and gastric cancer. Robotic surgery will be described in greater detail 
in another chapter.

CONCLUSION
The incidence of cancer of EGJ has increased in worldwide. This article reviews MIE for cancer of EGJ. All 
major approaches for the resection of EGJ cancer can be pursued by MIS. EGJ adenocarcinoma is traditionally 
classified by the Siewert classification system, although which has some limitations. The definition and 
classification of EGJ cancer remains controversial. MIE has emerged as a promising approach that might 
reduce the postoperative complications in comparison to open techniques. The advantages of MIE as a 
treatment for EGJ cancer in comparison to OE included a reduced hospitalization, and rate of pulmonary 
complications, and an improved quality of life with a similar nodal harvest, margin status, and 1- and 
3-year survival rates. However, since the current literature is still limited, the selection of surgical method 
should be judged by the experienced surgeons. In any type of EGJ cancer, R0 radical resection is mandatory 
for improving the patient’s prognosis. Minimally invasive Ivor-Lewis or McKeown esophagectomy are 
the treatments of choice for Siewert type I cancer. Transhiatal esophagectomy is a surgical option for frail 
patients, which is limited because the operator cannot perform mediastinal lymphadenectomy. Single-port 
mediastinoscope-assisted transhiatal esophagectomy with mediastinal lymphadenectomy is an emerging 
minimally invasive approach that also has curative potential. Laparoscopic total (or proximal) gastrectomy 
is the optimal surgery for Siewert type III cancer, whereas both laparoscopic gastrectomy (with lower 
esophagectomy) and a minimally invasive Ivor-Lewis approach are the optimal minimally invasive choices 
for Siewert type II cancer. With the introduction of robotic surgery, esophagectomy is expected to evolve 
even further. 

In conclusion, since the current literature is still limited, further well-desined RCTs are needed to clarify the 
optimal minimally invasive surgery for EGJ cancer.
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Abstract

The presence of hydronephrosis usually signifies the presence of significant urinary tract obstruction, more 

commonly at the level of the ureter, and occasionally at the bladder outlet in cases of bilateral hydronephrosis. 

Unilateral hydronephrosis is most commonly caused by a ureteric stone or stricture, and rarely caused by neoplasm. 

Metastatic disease to the urinary bladder is rare and usually presents with hematuria, and we report the first case 

of hydronephrosis resulting from a metastatic esophageal cancer to the bladder. 

Keywords: Hydronephrosis, metastatic esophageal cancer, ureteric stricture

INTRODUCTION
Unilateral hydronephrosis is most commonly caused by obstruction of the ureter due to the presence of a 
ureteric stone or stricture, and rarely secondary to a primary ureteric or bladder neoplasm or from direct 
invasion or external compression by locally advanced cancers from adjacent organs such as the lower 
gastrointestinal and female genitourinary tract. We report the first case of a patient presenting with a 
ureteric stricture with hydronephrosis and acute kidney injury secondary to a metastatic esophageal cancer 
to the urinary bladder.

CASE REPORT
This is a 72-year-old Chinese male who was diagnosed with cardio-esophageal cancer on esophago-gastro-
duodenoscopy for work up of dyspepsia. Biopsies revealed poorly differentiated adenocarcinoma. Staging 



computed tomography (CT) scan of the chest, abdomen and pelvis showed a heterogeneously enhancing 
mural thickening of the lower esophagus, with no enlarged regional lymph nodes and a fluorodeoxyglucose 
positron emission tomography (FDG PET) scan did not show any nodal or distant metastasis. He underwent 
neoadjuvant chemotherapy and radiotherapy, followed by Ivor Lewis esophagectomy, total gastrectomy 
and colonic interposition. Final histology showed invasive poorly differentiated adenocarcinoma at the 
gastro-esophageal junction, arising in the background of Barrett’s esophagus. The tumor invaded the peri-
esophageal adventitia and involved the serosa of stomach with extensive peri-neural invasion seen. All 
45 lymph nodes were negative for malignancy and the final staging was pT4aN0M0 with clear resection 
margins. His case was discussed at the gastrointestinal tumor board and decision was for surveillance alone, 
without a need for adjuvant chemotherapy or radiotherapy. He was followed up with surveillance CT scan of 
the abdomen and pelvis and was noted to have new onset moderate left hydronephrosis 9 months after the 
operation. The left hydronephrosis extended all the way down to the urinary bladder with no obvious cause 
of obstruction or lesions noted. He underwent a ureteroscopy and was noted to have a 4-cm tight distal 
ureteric stricture with unhealthy looking ureteric mucosa, but no obvious bladder or ureteric lesion [Figure 1A]. 
Balloon dilatation of the ureteric stricture was performed and a double-J stent was inserted, which was 
removed 2 weeks later. He was planned for follow up CT intravenous pyelogram to evaluate the ureteric 
stricture but was subsequently noted to develop acute kidney injury with a rise in serum creatinine. A non-
contrast CT scan of the abdomen and pelvis now showed an area of bladder wall thickening in the region 
of the left ureteric orifice with worsening hydronephrosis [Figure 1B]. He underwent a rigid cystoscopy 
and was noted to have edematous bladder wall mucosa with solid looking areas and had a transurethral 
resection of bladder tumor performed; histology showed normal urothelium with submucosal infiltration by 
metastatic adenocarcinoma with signet cell morphology. Immunostains show the carcinoma cells staining 
positively with CK7 and CK20, and negatively with CDX2, TTF1, Napsin A, S100, GATA3, PSA and PSAP. 
These findings were in keeping with metastatic poorly differentiated adenocarcinoma of esophagus/gastric 
origin. A re-staging FDG PET CT scan was performed and did not show any obvious nodal or distant 
metastasis. He was referred to the medical oncologist for palliative treatment of the metastatic esophageal 
cancer. 

DISCUSSION
Esophageal cancer is the eighth most common cancer worldwide and esophageal cancer most commonly 
metastasize to the liver and peritoneum, regional lymph nodes, lung, stomach, kidney, adrenals and 
bone[1]. Esophageal cancer can metastasize via several different routes; with direct invasion, lymphatic and 
hematogenous spread being the more common routes of spread. Other mechanisms of metastasis include 
trans-peritoneal and intra-luminal implantation. The most common sites of esophageal metastases include 
liver, regional lymph nodes and lung, but unexpected sites of metastasis have increasingly been reported. 
It is unclear how esophageal cancer can spread to the urinary bladder, but one possibility may be via the 
hematogenous route.

Shaheen et al.[2] performed a systematic review on esophageal cancer metastases to unexpected sites and 
found 164 cases reported, of which there were 14 cases of metastatic spread to the urinary tract (10 to kidney, 
2 to penis and 2 to testis/spermatic cord), but none was found to have spread to the urinary bladder.

Metastatic spread to the bladder constitutes 2% of all bladder neoplasms, and most commonly they occur by 
direct invasion rather than from distant spread[3]. Velcheti and Govindan[4] reviewed 264 cases of metastatic 
disease to the bladder and found the most common primary site to be genitourinary and colorectal; and 
melanoma, breast and stomach are the commonest primary foci for distant spread. 

The urinary bladder is an extremely rare site of metastasis from the esophagus with less than 5 cases 
reported worldwide. An extensive literature search found only four reported cases of metastatic disease to 
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the bladder originating from the esophagus, with gross hematuria being the main presenting symptom. 
This is the first known reported case of a metastatic esophageal cancer to the bladder presenting with 
hydronephrosis and acute kidney injury.

Matsumoto et al.[5] in 2004 described a patient who presented with hematuria and was found to have 
metastatic intra-pelvic tumour from oesophageal cancer which invaded the bladder, rectum and sigmoid 
colon. Hargunani et al.[6] in 2005 reported a patient with esophageal cancer who underwent curative 
resection after neoadjuvant chemotherapy; but was subsequently found to have metastasis to the bladder 
after he presented with gross hematuria. Schuurman et al.[7] reported another case of metastatic esophageal 
cancer to the bladder in 2009. This was diagnosed as part of staging of the esophageal cancer and was treated 
with palliative radiotherapy. Katz et al.[8] in 2017 reported a patient with esophageal cancer and staging scan 
showed metastatic liver lesions with retroperitoneal adenopathy. She completed chemotherapy, but developed 
anaemia with hematuria and was subsequently found to have metastatic esophageal cancer to the bladder. 
Two of these cases were diagnosed at presentation to have synchronous metastasis to the bladder while 
the other 2 cases developed metachronous metastasis to the bladder on follow up. Most of the cases were 
treated with palliative intent, and only one case underwent operation with curative intent, only to develop 
metachronous metastasis to the bladder subsequently. Our case is the second reported case to be diagnosed 
with metachronous metastasis to the bladder after treatment of esophageal cancer with curative intent.

The two main subtypes of esophageal carcinoma are adenocarcinoma and squamous cell carcinoma (SCC). 
There have been studies that looked at patterns of metastasis based on the histological subtype, and it has 
been found that esophageal adenocarcinoma is more likely to develop liver and brain metastasis; while SCC 
tend to develop lung metastasis, with no difference found for lymph node and bone metastases. Esophageal 
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metastasis to the urinary bladder and its association with the histological subtype has not been reported in 
view of its rare occurrence, and will not make for a meaningful analysis in view of its small numbers.

This is the first reported case of a ureteric stricture with hydronephrosis and acute kidney injury resulting 
from a metachronous esophageal cancer to the bladder. An accurate diagnosis of the cause of hydronephrosis 
is crucial in all cases as it can affect the management of patients. In this case, the metastatic disease had 
infiltrated the bladder submucosa and initial cystoscopy and ureteroscopy did not show any obvious bladder 
mucosal or ureteric lesion, and he was treated as for a benign ureteric stricture. The initial CT scan did not 
show any other abnormality such as local recurrence, metastatic spread to other organs or enlarged lymph 
nodes to suggest metastatic disease. This case illustrates the importance of taking into consideration patient’s 
past medical history and to consider the various differentials for hydronephrosis, regardless of how unlikely 
or rare the possibility is. Ureteric re-implantation would be one of the treatment options for a long segment 
tight ureteric stricture or if the stricture had recurred after balloon dilatation. A decision was made to follow 
up with imaging first, which demonstrated the development of bladder wall thickening which eventually 
led to the diagnosis of a metastatic esophageal cancer. Treatment will now be with palliative intent and a 
percutaneous nephrostomy has been inserted to relieve the hydronephrosis, and the patient will be planned 
for palliative chemotherapy. His baseline renal function was initially normal, but he subsequently developed 
acute kidney injury due to obstructive uropathy. The percutaneous left nephrostomy relieved the obstruction 
and his renal function returned to normal. A normal renal function is important as many chemotherapeutic 
agents may cause nephrotoxicity and cannot be given in patients with renal impairment, or may need renal 
dose adjustment. For this patient, he was treated with capecitabine (Xeloda).
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Abstract

Aim: Minimally invasive techniques for esophagectomy decrease cardiopulmonary complications and guarantee 

better quality of life (QoL) compared to open techniques, without compromising oncological radicality. This 

retrospective study compares the short-term and QoL outcomes of hybrid Ivor Lewis (HIL) and totally minimally 

invasive Ivor Lewis (TMIIL). 

Methods: Patients with cancer of the distal esophagus and esophagogastric junction were included into (HIL) and 

(TMIIL) groups in the period January 2017-July 2018. General features, intraoperative and postoperative results 

were analyzed. The surgical radicality and number of resected nodes were also evaluated. QoL was determined 

preoperatively and at 7 and 90 days postoperatively with EORTC QLQ-C30 questionnaire.

Results: General features were similar in the TMIIL and HIL groups, which contained 13 and 14 patients, respectively. 

Median intervention duration was 360 min (range: 240-420) for TMIIL and 330 min (range: 240-400) for HIL 

(P = 0.0647). Median blood losses were similar for TMIIL and HIL at 100 mL (range: 50-400) and 175 mL (range: 

50-350), respectively (P = 0.0831); pulmonary complications were 15% and 14% (P = 1) and leaks were 7% and 14% 

(P = 1) for TMIIL and HIL, respectively.

Conclusion: Our experience suggests that TMIIL esophagectomy appears to give results similar to HIL and positively 

influences the QoL within 90 days after surgery. Duration of surgery and anastomotic leaks are the key elements 



influencing the learning curve. Randomized controlled trials are necessary to confirm the good results obtained and 
to give recommendations to avoid a high rate of complications during the learning curve for this difficult technique. 

Keywords: Minimally invasive esophagectomy, Ivor Lewis, esophageal cancer, thoracoscopic esophagectomy

INTRODUCTION
Esophagectomy is a complex surgical procedure that requires two- or three-field access depending on tumor 
location, histology, preoperative clinical staging, comorbidities, anatomy, and physiological status. Despite 
considerable improvements in cancer staging, patient selection and surgical results in recent decades, 
overall and pulmonary complication (PC) rates have remained high enough to encourage the search for 
alternative operative techniques that could achieve similar cure rates with less morbidity and probable better 
postoperative quality of life (QoL). 

Many different techniques have been adopted worldwide to achieve complete tumor resection and appropriate 
lymphadenectomy; a minimally invasive (MI) approach is used either for the abdominal or thoracic portion 
of surgery time or for both[1,2]. The Ivor-Lewis (IL) esophagectomy is the universally accepted technique to 
resect cancers situated in the middle and distal esophagus and esophagogastric junction (EGJ). 

A minimally invasive approach was considered elective by 14% of surgeons involved in a National survey on 
treatment of esophageal and EGJ cancer in 2007; the same survey reported an increase to 43% of surgeons in 
2014. This indicates a shift towards more diffuse application of this technique for such a complex operation. 
It is also interesting to observe that the preferred site of the anastomosis for esophagogastroplasty has 
changed from cervical to intrathoracic[3]. The reason for this relevant interest in MI surgery is represented by 
the possible reduction of PCs and length of hospital stay (LOS) related to this approach, without negatively 
affecting the outcomes in terms of anastomotic leaks.

The application of laparoscopy and thoracoscopy to perform a totally MI Ivor-Lewis (TMIIL) esophagectomy 
follows the idea to obtain further improved results in terms of postoperative complications and QoL. 

The present work reviews our initial experience with this technique and compares the short-term outcomes 
obtained in this group of patients with the results obtained in patients submitted to hybrid Ivor-Lewis (HIL). 
Data of the current literature on TMIIL are also reported and discussed. 

METHODS
Since 2005, our standardized approach for patients affected by cancer of the distal esophagus and EGJ has 
been HIL, except in case of bulky tumors for which a relative contraindication was evidenced. From 2013 
to 2016, few cases of highly selected patients were approached with TMIIL, in a stage 1 and 2a setting, 
according to the IDEAL recommendations [Figure 1][4-6]. 

From January 2017 to July 2018, in a stage 2b setting, all patients for whom the laparoscopic procedure lasted 
less than 3 h, completed, as intention to treat, the thoracoscopic procedure.

The research was performed in accordance with the Declaration of Helsinki and all patients gave informed 
consent to the procedure.

The results obtained in consecutive patients submitted to TMIIL and HIL between January 2017 and July 
2018 were retrospectively analyzed. Data were collected in a prospective database. 

Page 2 of 10                                   de Pascale et al. Mini-invasive Surg 2019;3:18  I  http://dx.doi.org/10.20517/2574-1225.2019.04



All procedures were performed by a single surgeon skilled in MI surgery (UFR). QoL was analyzed through 
the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire (EORTC 
QLQ-C30), which was submitted to all patients the day before surgery, and at postoperative day 7 and 90.

All patients were discussed in a multidisciplinary setting following international guidelines[7].

All the patients had a feeding jejunostomy performed either during the staging laparoscopy or during 
esophagectomy.

Laparoscopic gastrolysis
Dissection is performed using the hook cautery and ultrasonic device beginning with division of the 
gastrohepatic ligament starting distally to the crow’s foot. The stomach is mobilized by dividing the left gastric 
vessels and short gastric vessels, and separating the right gastroepiploic arcade from the gastrocolic ligament. A 
standard D2-lymphadenectomy is performed. A gastric conduit is constructed by sequential firings of a linear 
endostapler with 45-60 mm cartridges parallel to the greater curvature. The first 45 mm cartridge is applied 
across the lesser curve, distally to the crow’s foot, directed almost at right angle toward the greater curve; 
special care is required to avoid gastric tube spiralization during application of the subsequent cartridges. 
Interrupted 3-0 Maxon stitches are applied at the intersection of the staple lines. Feeding jejunostomy is 
performed in the upper left abdominal quadrant at the level of the first jejunal loop with a self-gripping barbed 
suture. 

Thoracotomy
The right lung is excluded using a left double-lumen tube or an endobronchial blocker under fiberoptic 
bronchoscopic guidance, and the patient is turned to the left lateral position with a roll at the level of the tip 
of the scapula. A right posterolateral incision in the fifth intercostal space is performed with a section of the 
latissimus dorsi, sparing the serratus muscle. The lung is retracted medially. The arch of the azygos vein is 
divided, and the thoracic duct is selectively ligated above the diaphragm. A standard en-bloc esophagectomy 
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is performed, and right paratracheal nodes are routinely removed. The esophagogastric anastomosis is 
performed at the apex of the right chest using a 28-mm stapler. The gastrostomy is closed with a linear 
stapler. A large 360° omental wrap is performed, and the pleural cavity is drained with 32 Ch drain .

Thoracoscopy
The patient is placed in the semi-prone position and the forearm flexed to improve abduction of the scapula. 
The chest is stabilized on the operative table using beanbag and side supports to allow rotation in a more 
lateral decubitus position. This is helpful to aid mediastinal exposure in patients with a protruding spine or to 
expedite the switch to thoracotomy if necessary. Artificial capnothorax with a pressure of 8 mmHg is induced 
after first 12-mm trocar is placed below the inferior angle of the scapula. Three additional trocars are inserted: 
two 12-mm trocars in the eighth intercostal space and the middle of the vertebral border of the scapula, and 
a 5-mm trocar in the superior angle of the scapula. The arch of the azygos vein is divided using Hem-o-lock 
clips. Incision of the mediastinal pleura is performed on both sides of the esophagus, and the dissection 
preferably starts between the vagal trunk and the right main bronchus. This allows en-bloc lymphadenectomy 
of the carina with nerve preservation in most circumstances. The esophagus is then mobilized up to the level 
of the diaphragm and the inferior pulmonary ligament is divided. The thoracic duct is identified and ligated. 
After an esophagotomy on the stapled side and a gastrotomy on the small gastric curvature are performed, 
some stitches are used to fix the mucosa to the other layers of the esophageal wall, avoiding submucosal 
slippage following the technique described by Irino[8]. Gastrolysis is completed. A side-to-side anastomosis is 
then performed with a 30-mm linear stapler. The enterotomies are closed with a self-gripping barbed suture. 
A large 360° omental wrap is performed and the pleural cavity is drained.

Immediately after surgery, patients recovered in the Intensive Care Unit (ICU) until the first postoperative 
day.

The complications were described according to the taxonomy recently proposed by the Esophagectomy 
Complications Consensus Group[9]. 

Statistical analysis
The Mann-Whitney U test was used to compare continuous variables not normally distributed (presented as 
median and range). Normality of the distribution of variables was determined using the D’Agostino-Pearson 
test. Chi-square or Fisher’s exact test, when appropriate, were used to compare categorical variables. Two-
tailed P values are reported universally, and the significance threshold was designated at a P value of 0.05. 
Statistical analysis was performed with statistical software for biomedical research (MedCalc Software for 
Windows). 

RESULTS
From January 2017 to July 2018 we performed 53 esophagectomies in patients affected by esophageal or EGJ 
cancers. Ten patients were submitted to the McKeown procedure, 1 patient was treated with a transhiatal 
esophagectomy and 3 patients with squamous cancer of the cervical esophagus underwent a pharyngo-
laryngo-esophagectomy. Thirty-nine patients underwent an IL procedure: 13 TMIIL, 14 HIL, and 12 OIL. 

Patients submitted to TMIIL and HIL were compared according to the stage 2b IDEAL recommendation. 
The general characteristics of the two groups are reported in Table 1. No difference was reported between 
the 2 groups in terms of ASA (American Society of Anesthesiologists) Classification: 9 patients in the TMIIL 
group and 13 patients in the HIL group were treated with a neoadjuvant or perioperative therapy; in the 
TMIIL group, 6 patients received chemoradiotherapy and 3 patients received preoperative chemotherapy, 
while in the HIL group 10 patients received neoadjuvant chemoradiotherapy and 3 patients received 
preoperative chemotherapy. 
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No differences were observed in the 2 groups for intraoperative data [Table 2], particularly for duration of 
intervention and blood loss. 

Postoperatively, no difference was found in terms of morbidity, mortality and length of hospital stay [Table 3]. One 
patient in each group presented a type III anastomotic leak, (8% vs. 7% in TMIIL and HIL group, respectively). 
One patient in the HIL group (7%) presented a type I anastomotic leak. No patients were readmitted within 
90 days after surgery.

The histopathological features were similar in the 2 groups, except 1 patient in the HIL group (7%) who had 
a neuroendocrine tumor. Complete pathological response was observed in 3 cases for each group, 21% and 
23%, respectively, for TMIIL and HIL. Two patients (14%) in the HIL group presented a R1 resection for the 
presence of positive circumferential margins.

Results obtained from the QoL questionnaires evidenced a reduction of postoperative pain during the first 
7 postoperative day for patients in the TMIIL group compared to HIL; these data were confirmed by the 
analysis conducted on postoperative day 90, as well for the global health status, physical functioning, and 
role functioning [Figure 2].

Characteristics TMIIL (n  = 13) HIL (n  = 14) P  value

Age, years, median (range) 67.5 (53-82) 66 (54-77) 0.4265
Gender (M/F), n  (%) 8/5 (61.5/38.5) 13/1 (93/7) 0.1355
ASA, median (range) 2 [1-3] 2 [1-3] 0.7623
Tumor location

EGJ, n  (%) 8 (61.5) 10 (71) 0.6945
Distal esophagus, n  (%) 5 (38.5) 4 (29)

c Stage
< II, n  (%) 2 1 0.5955
≥ II, n  (%) 11 13

Neoadjuvant treatment
Yes, n  (%) 9 (69) 13 (93) 0.1647
No, n  (%) 4 (31) 1 (7)
Chemotherapy, n  (%) 3 (33) 3 (23) 0.6550
Chemoradiotherapy, n  (%) 6 (66) 10 (77)

Tumor type
Adenocarcinoma, n  (%) 10 (77) 9 (65) 0.6776
SCC, n  (%) 2 (15) 4 (28) 0.6483
Other (%) 1 (8) 1 (7) 1

Comorbidity
Hypertension, n  (%) 7 (54) 8 (57) 1
Cardiovascular disease, n  (%) 0 3 (21) 0.2222
Diabetes, n  (%) 2 (15) 1 (7) 0.5955

Table 1. Baseline characteristics of patients undergoing TMIIL and HIL

HIL: hybrid Ivor Lewis; TMIIL: totally minimally invasive Ivor Lewis

Characteristics TMIIL (n  = 13) HIL (n  = 14) P  value
Duration of intervention median (min) (range) 360 (240-420) 330 (240-400) 0.0647
Laparoscopy converted to open surgery, n  (%) 0 1 (7.1) 0.9699
Blood Loss (mL), median (range) 100 (50-400) 175 (50-350) 0.0831
Feeding Jejunostomy during esophagectomy, yes/no 10/3 13/1 0.5337
Duration of postoperative recovery in ICU (days), median (range) 1 (1-2) 1 (1-2) 0.9876

Table 2. Intraoperative variables

HIL: hybrid Ivor Lewis; TMIIL: totally minimally invasive Ivor Lewis
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DISCUSSION
The Ivor-Lewis procedure represents the current indication for patients with cancers located in the middle, 
distal esophagus and EGJ; although the McKeown procedure avoids the occurrence of intrathoracic leaks, 
the rate of dehiscence and strictures is higher in patients with cervical anastomosis independently from 
the access route whether open or MI[10]. Injury to the recurrent laryngeal nerve, a complication associated 
with considerable morbidity, is less common if dissection in the neck is avoided[11,12]. As demonstrated by 
Mariette, intrathoracic anastomosis provides a lower 30-day postoperative morbidity rate compared to 
cervical anastomosis, and thoracotomy itself does not significantly influence postoperative morbidity[13]. 

In recent years particular attention has focused on improving the postoperative results of the IL procedure 
through application of MI approaches. Few studies, mainly retrospective, have been published in the current 
literature comparing HIL and OIL. Recently, a randomized prospective study by the French Eso-Gastric 

Table 3. Postoperative morbidity, mortality and pathologic examination 

Characteristics TMIIL (n  = 13) HIL (n  = 14) P  value
Postoperative complications CD < 3, n  (%) 3 (15) 4 (28.5) 0.6483
Postoperative complications CD ≥ 3, n  (%) 2 (15) 2 (14) 1
Leaks, n  (%) 1 (8%) 2 (14%) 1
Pulmonary complications 2 (15) 2 (14) 1
Overall morbidity, n  (%) 5 (38) 6(43) 1
Mortality 0 0 n.s
Lenght of hospital stay (day), median (range) 13 (8-24) 14 (8-72) 0.5596
90-days readmission rate, n  (%) 0 0 n.s
Pathological stage

< II 5 3 0.4197
≥ II 8 11
R1 resection 0 2 0.4814
Lomph nodes harvested, median (range) 23 (7-71) 27 (7-44) 0.5602

Figure 2. Quality of Life C-30 (preoperative, 7 and 90-day after surgery)
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Tumors Working Group, has been published: data obtained demonstrated a significant lower rate of PCs after 
HIL compared to OIL, particularly for major respiratory complications (18% vs. 30%, respectively, in the two 
groups); no differences in terms of long-term oncological outcomes were observed[14]. The logical evolution 
was to decrease invasiveness of IL, introducing thoracoscopy to obtain an even lower rate of postoperative 
complications without negatively affecting the rate of anastomotic leaks and mortality. A literature review 
of the last 7 years [Table 4] reports the results of retrospective comparisons between TMIIL and OIL. The 
principal limits of these studies are represented by their retrospective nature, the fact that sometimes they 
derived from subgroup analysis, and that the techniques to perform the intrathoracic anastomosis are 
different: the Orvil technique, the technique with a circular stapler but with hand sewn purse string, a side-
to-side anastomosis with linear stapler, or a hand sewn anastomosis. Significant differences in terms of LOS, 
blood loss, and PCs in favor of TMIIL were reported. The rate of anastomotic leaks does not seem to be 
significantly different in the two groups, whereas operative time is generally longer for TMIIL. 

The longer duration for TMIIL seems to be caused by the technical difficulty of performing the anastomosis[19]; 
a similar result was found in our experience, where duration of surgery was longer for TMIIL even if the 
difference was not significant. The new anastomotic technique implies a longer time but the results in terms 
of anastomotic leaks do not seem to be different: in our experience, with the use of a thoracoscopic side-
to-side technique, the incidence of leaks was 7%, lower, even if not significantly, than the results of the 
standardized anastomotic technique used in the HIL group. 

As evidenced by Van Workum[24], anastomotic leaks and operative time represent the key elements in 
the assessment achieving the learning curve plateau. In his multicenter retrospective analysis, the rate of 
anastomotic leaks at the end of the learning curve was 4.4%, starting from an incidence of 18.8%; operative 
time also decreased from 344 to 270 min.

The difficulties of thoracoscopic anastomosis are demonstrated by the change in technique reported in some 
series during the learning curve: in Mungo’s small series, they moved from a circular transoral anastomosis 
to a linear side-to-side anastomosis and ended again with the Orvil technique[25]. 

In our experience, these elements were the principal issues considered as limiting factors for the application 
of TMIIL during stage 1 and 2a IDEAL recommendations. 

Although the two groups are similar in terms of baseline characteristics, it is important to highlight that in 
the HIL group more patients were submitted to neaodjuvant treatment than in the TMIIL group. Considering 
the small size of our samples, it is difficult to evaluate how this might have influenced postoperative 
complications. This topic has been widely evaluated in the current literature and controversial results have 
been reported. In our experience, a direct correlation never emerged as reported by Woodard in the analysis 
of this element in a comparison of two groups of patients submitted to HIL[26].

A low rate of PCs, associated with better QoL after surgery, with possible better long-term outcomes represents 
the benchmark for which surgeons face the hard learning curve of TMIIL. As reported in Table 4, Tapias 
and Wang obtained a significant reduction of respiratory complications after TMIIL; these data positively 
influence the postoperative course in terms of LOS as well. The principal limit of these analyses is represented 
by the fact that they are obtained from comparison between TMIIL and OIL, and it is widely demonstrated 
that laparoscopic gastrolysis has a positive impact on this type of complication.

In our analysis, no differences were observed for respiratory complications in the two groups. Data obtained 
from the analysis of the QoL questionnaire evidenced lower postoperative pain for patients submitted to 
TMIIL and a faster recovery of health global status. 
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Data obtained in a recent multicenter randomized prospective analysis of QoL of patients submitted to 
MI esophagectomy are associated with better mid-term, 1-year QoL compared to open esophagectomy. 
For the authors, all differences between the groups in the specific domains result in a clinically important 
difference that is best understood for the pain domain due to post-thoracotomy pain. The improvement of 
QoL after 1 year was equal for both groups, compared to 6 weeks postoperatively. In our experience after 90 
postoperative days, the QoL in the two groups was similar[27].

For what concern short-term oncological outcomes, in our experience, the two techniques resulted similar, 
no differences were observed for median number of lymph nodes harvested and R0 resection. In HIL group 
2 patients presented a R1 resection (circumferential margin) and none in TMIIL group. The bias of this result 
is associated to a longer duration of laparoscopy for patients with bulky tumor of EGJ and consequently 
these patients were assigned to HIL group according to our methods.

The principal limit of our analysis is represented by small size of our group of patients treated with TMIIL 
esophagectomy, which, according to the current literature, is far from the learning curve plateau Beyond 
that, the power of our statistical analysis is limited by the comparison of two small groups of patients. 
One important element emerging from our analysis is that this anastomotic technique is safe and feasible, 
provided the technical details are meticulously followed. 

In conclusion, TMIIL seems feasible and safe in skilled hands altought it represents a challenging procedure 
also for surgeons dedicated to esophagheal surgery and expert in minimally-invasive surgery. In our 
experience no differences were observed between the two groups, but principal limit of our analysis is 
represented by the small series of patients enrolled in this study and the lacking of randomization. Duration 
of surgery and anastomotic leaks represent the principal elements to evaluate the achieving of the plateau in 
the learning curve. Randomized control trials are not available and also retrospective analysis are lacking 
of comparison between TMIIL and HIL. Randomized controlled trials are necessary to confirm the good 
results evidenced in the current literature, evaluate long term oncological outcomes and create technical 
recommendations to approach this difficult technique avoiding a high rate of complications during the 

Author Study Comparison Sample
Duration of 

surgery, median 
(min) (range)

Blood loss, median 
(mL) (range)

LoHS, 
median, day 

(range)

Pulmonary 
complications 

(%)

Leaks 
(%)

30-day 
mortality 

(%)
Bizekis et al .[15] Retro TMIIL* vs . 

HIL*
15 vs . 35 n.a n.a 7 vs . 9° 

(n.a)
27 vs . 20 0 vs . 

8.5
7 vs . 6

Noble et al .[16] Prosp TMIIL** vs . 
OIL*

53 vs . 
53

300 (180-480) vs . 
240° (120-420)

300 (0-1250) vs . 
400° (0-3000)

12 (7-91) vs . 
12 (7-101)

34 vs . 32 6 vs . 4 2 vs . 2

Xie et al .[17] Retro TMIIL* vs . 
OIL*

106 vs . 
163

249 ± 41.7 vs . 256 
± 41.7

187 ± 37.8 vs . 198 
± 46.5

11.8 ± 6.7 vs . 
13.9° ± 7.3

9.4 vs . 12.9 4.7 vs . 
3.7

1.9 vs . 2.5

Chen et al .[18] Retro TMIIL* vs . 
OIL*

59 vs . 
59

250 (210-320) vs . 
200° (170-250)

190 (150-420) vs . 
420° (250-550)

9 (7-19) vs . 
15° (10-28)

8 vs . 12 4 vs . 5 n.a

Sihag et al .[19] Retro TMIILn.a vs . 
OILn.a

600 vs . 
1291

453 (357-546) vs . 
340° (278-415)

n.a 8 (7-14) vs . 
10° (8-16)

29.7 vs . 25.4 13.8 vs . 
10.5

2.7 vs . 4

Tapias et al .[20] Retro TMIIL* vs . 
OIL***

56 vs . 
74

337 ± 48.3 vs . 361 
± 83.1

200 (140-200) vs . 
250° (150-400)

7 (6-7) vs . 
9° (8-11)

8.9 vs . 29.7° 0 vs . 
1.4

0 vs . 2.7

Wang et al .[21] Retro TMIIL* vs . 
OIL*

334 vs . 
285

251 ± 26.4 vs . 
240 ± 26.4

178 ± 55 vs . 181 ± 
64.8

12.9 ± 3.9 
vs . 14° ± 4

9.9 vs . 21.4° 4.2 vs . 
4.2

0.9 vs . 
1.4

Straatman et al .[22] Retro TMIIL 282 333 ± 98 242 ± 228 12 (9-24) 13.1 15.2 2.1

Qi et al .[23] Retro TMIIL*/*** 530 266 (213-321) 200 (150-300) 13 (11-16) 27.1 13.8 1.7

Table 4. Literature review

*Transthoracic circular anastomosis end to side (anvil inserted transthoracically); **Transthoracic circular anastomosis end to side 
[Transorally inserted anvil OrVil(™)]; ***Hand-sewn intrathoracic anastomosis, P  < 0.05. n.a: not available
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learning curve. Quality of life should also be evaluated in a randomized prospective setting as this element 
is considered one of principal issue in favor of a totally minimally invasive approach for IL esophagectomy. 
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INTRODUCTION
Diagnosis of abdominal conditions is always a challenge in rural areas. The modern diagnostic facilities 
like CT scans and MRI are not available there. Survey of the operation registers of many rural hospitals 
(17 hospitals) belonging to an association of hospitals in North India revealed that Diagnostic laparotomies 
were a common surgical procedure in rural areas[1]. Despite the high costs and invasive nature Laparotomies 
were still carried out in rural areas because of the cost effectiveness and convenience. Society of American 
Gastrointestinal and Endoscopic Surgeons (SAGES) have given a long list of indications for Diagnostic 
laparoscopy that are applicable in Urban areas too[2]. 

The problem in rural areas is the high costs involved in the set up for Diagnostic Laparoscopies. Traditionally 
it would involve almost all the equipment required for laparoscopic surgeries and most of the rural surgical 
facilities cannot afford such high costs especially if they are doing only diagnostic laparoscopies. We offer 
an alternative low- cost method for carrying out Diagnostic Laparoscopies. The second author has used this 
innovation for diagnostic laparoscopies in rural areas. This innovation, a unique rigid video laparoscope is 
the first device of its kind described in the literature of laparoscopy. A patent is filed for it at Mumbai office. 



MATERIALS AND METHODS
The first author has used these laparoscopes in his hospital from last 5 years for laparoscopy in children 
and adults in about 356 cases and got away completely with the conventional equipment. It has been used 
for laparoscopic surgeries such as appendicectomy, orchidopexies [Supplementary Video 1-2], herniotomies 
[Supplementary Video 3], pyloromyotomy, Intussusception reduction and in diagnostic laparoscopies.

Diagnostic Laparoscopies are carried out using our innovative equipment that has the video camera and 
LED lights in the tip of the instrument. It is connected to the Laptop computer through a USB hub and is 
powered by the Laptop computer. It makes the rod lens system and the light source redundant. Since there 
is no image loss by the rod lenses, the image quality is phenomenal [Figure 1].

These scopes are available in 5, 8- and 10-mm sizes. The camera is fitted at the tip of a seamless joint free 
stainless-steel tube with 5 mm, 8 mm and 10 mm diameter [Figure 2]. The wires of the camera are connected 
to male USB connector which is fitted outside the holder of the scope. The holder of the scope is made 
up of heat resistant polymer called Delrin (Polyacetal). Polyacetal or polyformaldehyde, is an engineering 
thermoplastic used in precision parts requiring high stiffness, low friction, and excellent dimensional 
stability. The focal length is from 2 to 20 cm and the white balance, shutter, iris, colors are automatically set 
by the camera. 
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Figure 1. shows that the picture quality is excellent

Figure 2. shows the various parts of the innovative Laparoscope



Specification of the camera used are: Sensor: 1/12 color COMS, Pixel size: 1.75 μm × 1.75 μm, Effective Pixels: 
1080 (h) × 800 (v), Operation Temperature: -10 °C ~ +50 °C, S/N Ratio: 38dB

LED:6PCS 0402 LED, DC3.3 V × 50 mA, Dimensions 7 mm × 20 mm, Image Sensor: 1440 μm × 1653 μm, 
Fps: 30 Fps constant, Sensitivity: 960 mV (Lux × sec), Voltage: 5 volts DC, Video Output: USB, Dynamic 
range: 66dB, FOV: 90 degrees, DOF: 2-5 cm

DISCUSSION
The need for diagnostic laparoscopic surgeries in rural areas brought many innovations. For example the 
use of Gas Insufflation Less Laparoscopic Surgeries (GILLS)[2] and the use of cystoscope for laparoscopy in 
rural areas[1]. This would still require the Laparoscopic camera and the light source. The rigid Laparoscope 
is a three in one device replacing the telescope, light source and camera combining them into a single low- 
cost device. 

The advent of Laparoscopy has widened the need for Diagnostic laparoscopies especially in gynecological 
practice like confirming the diagnosis of acute pelvic inflammatory disease; in the evaluation of malignancies 
and abdominal-pelvic trauma; and the surgical treatment of pelvic pain[2]. 

Since the laparoscope has a video camera in the front, the image is converted into electronic signal and 
there is no image loss as in the case of rod lenses of conventional optical laparoscopes. Hence the video 
quality is excellent [Supplementary Video 4-5]. The video quality was excellent for variety of operations such 
as needle assisted laparoscopic herniotomy [Supplementary Video 3], Laparoscope assisted orchidopexies 
[Supplementary Video 1-2], etc. The laparoscope is a three in one device in the sense that It is the combination 
of a telescope, Led light source and laparoscopic endo camera. It is equivalent to $10,000 as $4000 for optical 
endoscope, $4000 for endo camera and $2000 for Led light source are incorporated in it. With great hard 
work the first author himself commercialized it with a cost of $300 which is the cheapest laparoscope in the 
market today. It is being distributed in India and world over through a no profit organization called Vigyan 
Yog Foundation founded by the author. 

CONCLUSION
The rigid video laparoscope device is safe, compact of good quality and is likely to revolutionize diagnostic 
and operative laparoscopy in India and other third world countries.
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Abstract

Aim: The overall incidence of adenocarcinoma is on the rise, mainly in the western population. Minimally invasive 
thoracolaparoscopic esophagectomy for adenocarcinoma of gastroesophageal junction tumors is being adopted 
worldwide, albeit with a slower pace. This study is to share our experience and technical modifications over two 
decades.

Methods: This a retrospective data from 2009-2018 at a single center, including all the 143 cases of thora-
colaparoscopic Ivor Lewis esophagectomies performed. There were no exclusions. The study objectives were to 
evaluate postoperative recovery, complications, and pathological completeness. 

Results: In 11 years, we have performed 532 cases of minimally invasive esophagectomies for both malignant and 
benign etiologies. Out of which 143 cases were of Ivor Lewis esophagectomy. The mean age of patients was 64.4 ± 
10.86 years, and male to female ratio is 3:1. Out of these cases, 139 (97.20%) were performed for malignancy and 4 
(2.79%) for benign cases, which include peptic stricture, sigmoid esophagus. The mean operative time is 457.97 ± 
79.35 min. The mean blood loss was 138.08 ± 29.3mL. Out of these cases, the hand-sewn anastomosis was performed 
in 72 (50.34%), circular stapler anastomosis in 46 (32.16%) and, linear stapled anastomosis in 25 (17.48%). The 
mean lymph node retrieval rate was 22.68 ± 9.49 nodes. The average ICU stay in the postoperative period was 4.68 
± 3.95 days, and overall hospital stay was 13.48 ± 7.43 days. Among malignant cases (139), adenocarcinoma in 121 



(87.05%), squamous cell carcinoma in 18 (12.94%). Among these cases T2, lesions in 56 (40.28%), T3 lesions in 
77 (55.39%), T4 lesions in 6 (4.31%) The overall complication rate was 12.58% (pneumonia- 8.39%, RLN injury 
in 1.39%, anastomotic leak in 2.09%, chyle leak in 0.69%, anastomotic stricture in 12.58%). 3 (2.09%) cases had 
re-intervention in the form of combined endoscopic procedures (stenting) and re-thoracoscopic lavage in 3. Overall 
30-day mortality in 1 case (0.69%).

Conclusion: Thoracolaparoscopic esophagectomy with intrathoracic Ivor Lewis anastomosis is an excellent option 
for selected patients, in experienced hands.

Keywords: Ivor Lewis esophagectomy, thoracolaparoscopic, carcinoma esophagus, adenocarcinoma esophagus, 
intrathoracic anastomosis, minimally invasive surgery

INTRODUCTION
Worldwide, an estimated 572,034 new esophageal cancer cases and 508,585 deaths are expected annually, 
according to data from the GLOBOCAN database[1]. Over the last decade, the incidence of squamous cell 
carcinoma (SCC) has declined, and the rate of adenocarcinoma of the esophagus, esophagogastric junction 
(EGJ) and gastric cardia is on raise[2,3].

Various minimally invasive approaches that include trans-hiatal, McKeown’s, and Ivor Lewis are 
increasingly being used given a significant reduction in the pulmonary morbidity involved with their 
open counterparts. For adenocarcinoma of the distal esophagus and EGJ lesions, proximal gastrectomy 
with subtotal esophagectomy and intrathoracic anastomosis or total gastrectomy with lower mediastinal 
lymph node dissection is the surgical treatment[4]. Ivor Lewis esophagectomy (ILE) including thoracotomy 
and laparotomy[5] was the commonly performed surgery and now minimally invasive ILE including 
thoracoscopy and laparoscopy, has gained popularity[6]. The main obstacles for widespread use of minimally 
invasive surgery are the adequacy of esophageal resection margin and complete radical lymphadenectomy 
with minimal morbidity. These challenges can be addressed by improvement in techniques throughout the 
learning curve. 

Till now very few centers are regularly performing minimally invasive ILE worldwide and to our 
knowledge, this is possibly most extensive series from India.

METHODS
This is a retrospective study of a prospectively maintained database of all consecutive patients who have 
undergone minimally invasive thoracolaparoscopic esophagectomy at a quaternary care teaching hospital 
from 2009 to 2018.

The primary objective of this study is to access the outcomes of the said procedure, mainly in terms of 
postoperative recovery, complications, and pathological completeness. There are no exclusions during this 
period.

The records of demographic details, investigations, perioperative data, and complications, if any were 
retrieved into a proforma. The pathological reports along with followup details too, were added.

All patients with suspected esophageal malignant lesion underwent routine pre-operative blood 
investigations, ultrasonography of the abdomen, along with esophagogastroduodenoscopy. Contrast-
enhanced computerized tomography scan of the abdomen and chest were done unless there was a high 
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index of suspicion for metastatic disease. In all T3 and T4 patients, neoadjuvant chemotherapy was given 
both for adenocarcinoma and SCC. At discharge, patients were advised for follow up after seven days, three 
months, and 1-year post-surgery and once in a year after that. Patients received adjuvant treatment based 
on their final pathology reports, as well as following a preoperative treatment plan.

Data were expressed in mean/median for continuous variables, while categorical variables were shown as 
frequencies. SPSS Version 24 (IBM Corp. NY, US) was used to analyze the data. A P-value of less than 0.05 
was considered statistically significant.

Two-stage esophagogastrectomy
Stage I: Abdominal phase
General anesthesia is induced with a single lumen endotracheal tube using double lung ventilation. The 
patient is positioned in the reverse Trendelenburg position for laparoscopic abdominal step. Gastric 
mobilization and formation of the gastric conduit are done in the first phase. Port positions: Figure 1.

Gastric mobilization: The gastrocolic omentum is divided between the stomach and transverse colon, 
preserving the right gastroepiploic arterial arcade and up to the first part of the duodenum. Further, 
proximal dissection of the stomach is done by dividing the short gastric vessels using harmonic shears. 
Gastric fundus is dissected carefully from the superior pole of the spleen. The attachment between the 
posterior wall of the stomach and pancreas is divided, and all adhesions are freed using harmonic shears. 

Lymph node clearance: The gastrohepatic omentum is divided close to the liver [Figure 2]. Here, care is 
taken to preserve the right gastric arterial arcade. The lesser omentum is separated further and left gastric 
pedicle is exposed. Left gastric artery and vein dissected and clipped and divided. Lymphofatty tissues 
over the celiac axis, left gastric pedicle, hepatic artery and splenic artery (stations 7,8,9,11p) are dissected 
and skeletonized to achieve complete nodal clearance. During this dissection, the stomach is retracted 
anteriorly and laterally. 11 d (distal splenic) nodes are dissected out.
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Figure 1. Port position for abdominal phase. A: Supraumbilical port for camera: 10 mm; B: Left midclavicular for right hand working port: 
5 mm; C: Right midclavicular for left hand working port: 5 mm (converted to 12 mm for gastric conduit formation); D: Epigastric port for 
liver retraction 5 mm; E: Left anterior axillary port for gastric retraction: 5 mm (converted to 12 mm for dividing Transhiatally) 



Abdominal Esophageal mobilization: The abdominal esophagus is separated from the right crus, and 
anteriorly it is freed by dividing the phrenoesophageal membrane. Right and left paracardial lymph nodes 
(station 1,2) dissected. The esophagus is lifted, posterior dissection is carried out, and attachment to the 
left crus is divided. Anterior border of the hiatus and/or left crus are divided obliquely toward the left side 
using harmonic shears. Sometimes, the division of the right crus may also be needed to facilitate dissection 
into the posterior mediastinum. Then liver retractor is advanced into the mediastinum for retraction. These 
two maneuvers expose the mediastinum. Dissection is carried out in the mediastinum carefully without 
injuring the pleura.

Trans hiatal mobilization of the thoracic esophagus: The esophagus is then retracted above and laterally 
[Figure 3]. Intrathoracic esophageal dissection to be started on the right side by separating right 
mediastinal pleura from the esophagus. The esophagus is lifted high with the left-hand instrument, and 
posterior attachment to preaortic fascia over the aorta is carefully dissected and divided using harmonic 
scalpel/vessel sealing device. Simultaneously, a complete lymph nodal dissection is performed in the 
posterior mediastinum with removing the lymph nodes with 5 mm harmonic shears. The esophagus is 
retracted to the right side and attachment of the left mediastinal pleura from mesoesophagus (Fibrofatty 
tissue with small blood vessels to the esophagus from the aorta) is dissected out. Lastly, anteriorly 
esophagus is separated from the pericardium. This dissection can be carried up to 6-7 cm above the hiatal 
level. 

Gastric conduit creation: Gastric conduit is formed by firing a 60 mm endo GIA gold cartridge stapler 
(© Ethicon US, LLC) perpendicularly and 2-3 subsequent firing of blue cartridge staplers obliquely [Figure 4]. 
The liver retractor is passed into mediastinum above the right crus and pericardium well lifted above. 
After esophageal dissection, using a flexible, and curved stapler passed through left side intrathoracically, 
the esophagus is divided, making sure, the transection line is above the tumor [Figure 5]. A small opening 
formed in the right pleura and the gastric conduit is placed within in the right pleural cavity [Figure 6].

Through a Pfannenstiel incision, the specimen is removed out. In cases of smaller lesions, the stomach 
is not entirely divided and is pulled up in the intrathoracic phase and removed through a small thoracic 
incision.

Figure 2. Laparoscopic view after D2 lymph node clearance
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Figure 3. Laparoscopic view of trans hiatal mobilization

Figure 4. Gastric conduit creation

Figure 5. Transhiatal division of esophagus
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Stage II: Thoracic phase 
In the second phase, thoracoscopic esophageal mobilization, resection, and the anastomosis are done in 
semi-prone position with the same single-lumen endotracheal tube intubation. Ports [Figure 7]. 
Access to the thoracic cavity can be gained by either placing a veress needle followed by port insertion or 
through direct port placement using optiview trocar. Before placing initial trocar scapula to be retracted 
medially and superiorly with the help of an assistant to provide easy access to the thoracic cavity (We 
prefer trocar placement under direct vision because in this part of the world most of the patients might 
have a tubercular infection associated with pleural adhesions). 

After gaining access, CO2 pneumo with 8 mmHg pressure to be maintained. The anesthetist is requested to 
keep the low tidal volume for a brief period to facilitate lung collapse. Inside the thoracic cavity, the gastric 

Figure 6. Placing the gastric tube in the right pleural cavity, to prevent slippage into  the abdominal cavity

Figure 7. Thoracoscopic port position. A: 7th intercostal space below the inferior angle of the scapula for camera: 10 mm; B: 9th 
intercostal space 7cm away from the spinous process for left hand working port: 5 mm; C: 5th intercostal space 7 cm away from the 
spinous process for right hand working port: 5 mm
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conduit to be visualized and pulled up to check for adequacy of the length of the conduit. Mediastinal 
pleura incised, Azygous vein is skeletonized at the level of the azygous arch, Azygous vein is doubly ligated 
with silk no two sutures, and one suture towards the vertebral end is left long to help in retraction of the 
vein during dissection of aortopulmonary window [Figure 8]. The esophagus is mobilized proximally till 
the subcarinal level (usually 5-6 cm above the transected end to achieve adequate proximal margin), and 
nodal lymph dissection is done [Figure 9]. We perform standard two-field lymphadenectomy; thoracic duct 
is not excised in all the cases, except in cases where the patient weight is below 35 kg.

Proximally with adequate clearance esophagus is divided using endo GIA stapler. After proximal 
esophageal division, four full-thickness (adventitia to the mucosa) sutures are placed anteriorly 
on both the sides and posteriorly to prevent esophageal mucosal retraction [Figure 10]. The gastric 
conduit is pulled closer, and the esophagogastric anastomosis is performed [Figure 11].

Esophagogastric anastomosis: This is accomplished in three ways: (1) End to end/side hand-sewn 
anastomosis; (2) End to side fully mechanical anastomosis-circular stapler; (3) Side to side fully mechanical 
anastomosis-linear cutter stapler. End to end/side hand-sewn anastomosis: The two ends are approximated 

Figure 8. Exposure after retraction of the divided azygous vein 

Figure 9. Subcarinal lymph node dissection 
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in two layers interrupted sutures using 2-0 PDS (polydioxanone) (© Ethicon US, LLC). Side to side semi-
mechanical anastomosis: Using linear staplers, intrathoracic side to side esophagogastric anastomosis 
done. The stapler entry wound to be closed with 2-0 PDS. End to side fully mechanical anastomosis: When 
gastric conduit width is more, stapling technique is preferred, and narrower tube hand-sewn anastomosis 
is done.

The linear stapling technique 12 mm trocar is placed in the 11/12th intercostal space for stapler insertion 
[Figure 12]. The trocar is placed at the angle of the rib. Using monopolar cautery, enterotomy is made on 
the staple line of the stomach, and similarly, entry is made at the stapled edge of the esophagus. When the 
esophagus is divided without a staple, then one of the jaws may be placed directly into the lumen and side 
to side anastomosis is done by linear anastomosis. The anterior anastomosis is done by intrathoracic hand-
sewn suturing technique or a stapler in triangulation manner. 

Intra-corporeal anastomosis by hand suturing technique 
Ends of the gastric conduit and the esophagus are trimmed, and end to end anastomosis is done. 3-0 PDS with 
a small curved needle is used for suturing. 

Figure 10. Proximal esophagus full-thickness sutures preventing mucosal retraction

Figure 11. End to end esophagogastric anastomosis
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Circular Stapling technique
Proximal Esophagus is transected using 60mm blue cartridge, 5 cm proximal to azygos arch in an oblique 
manner. Peroral anvil [OrvilTM (Medtronic, Covidien, MN, USA)] is passed orally, and a small opening is 
made at one edge of the stapled line and anvil is positioned in the divided end of the esophagus. Gastric 
conduit is advanced to the apex of the thoracic cavity, and an opening is made in the staple line on the 
lesser curvature. Then a 3-4 cm incision is formed on the right thoracic cavity at the level of 11th rib 
for entry of the circular stapler. 25 mm circular stapler is introduced into the thoracic cavity with the 
protective plastic sleeve [Figure 13]. Head of the stapler is introduced into gastric conduit and pin is pierced 
on to the greater curvature side and docked to the anvil and fired [Figure 14]. Stapler entry on the gastric 
tube is closed by intracorporeal sutures using 20 PDS [Figure 15].

In few cases of SCC of GE junction, a circular stapler is used to achieve intra thoracic anastomosis close to 
the thoracic inlet.

Feeding access in all our patients is by a Naso-Jejunal tube placed intraoperatively while constructing the 
anastomosis. Feeding jejunostomy is not routinely practiced in our patients. An-intercostal drainage is 
placed in the right pleural cavity.

Postoperative period
We practice the technique of early extubation in the immediate postoperative period. All the patients are 
shifted to ICU for observation and supportive care in the early postoperative period. Oral gastrograffin 
study to check the functionality of gastric conduit is performed on POD 2 following which oral liquids are 
initiated. CT scan with oral contrast is performed in patients with high suspicion of the leak. 

RESULTS 

In 11 years, we had performed 532 cases of minimally invasive esophagectomies for both malignant and 
benign etiologies. Out of which 143 Cases were of ILE [Table 1]. The mean age of patients was 64.4 ± 10.86 
years, and male to female ratio was 3:1. Out of these cases, 139 (97.20%) were performed for malignancy 
and 4 (2.79%) for benign cases, which include peptic stricture, sigmoid esophagus. The mean operative 
time was 457.97 ± 79.35 min. The mean blood loss was 138.08 ± 29.3 mL. Out of these cases, the hand-
sewn anastomosis was performed in 72 (50.34%), circular stapler anastomosis in 46 (32.16%) linear stapled 

Figure 12. Esophagogastric anastomosis using linear stapler 
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Figure 13. Transthoracic insertion of circular stapler

Figure 14. Docking of circular stapler

Figure 15. Closure of the gastrotomy wound after circular stapler
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anastomosis in 25 (17.48%) of cases. The mean lymph node retrieval rate was 22.68 ± 9.49 nodes. The 
average ICU stay in the postoperative period was 4.68 ± 3.95 days, and overall hospital stay was 13.48 ± 
7.43 days. Among malignant cases (139), adenocarcinoma in 121 (87.05%), SCC in 18 (12.94%). Among these 
cases T2, lesions in 56 (40.28%), T3 lesions in 77 (55.39%), T4 lesions in 6 (4.31%) The overall complication 
rate was 25.17% (pneumonia - 8.39%, RLN (recurrent laryngeal nerve) injury in 1.39%, anastomotic leak 
in 2.09%, chyle leak in 0.69%). Overall anastomotic stricture rate is 12.58%. The stricture rate was more in 
linear stapler technique compared to the other two. Six cases had re-intervention in the form of endoscopic 
procedures in 3 (2.09%) and re-thoracoscopy in 3 (2.09%). Laparoscopic feeding jejunostomy was done in 
2% of patients who had re-intervention because of anastomotic leak. Overall 30-day mortality noted in 1 
case (0.69%).

DISCUSSION
We have been performing minimally invasive esophagectomies since 1997[7]. Since then all esophagectomies 
were conducted in the prone position during the thoracic phase. For cases of GE junction tumors, we 
performed trans hiatal esophagectomies with excellent results[8]. But later on, to achieve better proximal 
clearance we have opted performing thoracolaparoscopic esophagectomies. In cases of SCC of lower 
esophagus close to GE junction, we have performed intrathoracic anastomosis using circular stapler close 
to the level of the thoracic inlet. Throughout 11 years, the rate of performing intrathoracic anastomosis 
improved year by year because of change in the incidence of adenocarcinoma and experience in the 
technique of intrathoracic anastomosis. For lesions requiring division above the level of the azygous arch, 

Table 1. Demographic, intraoperative, postoperative parameters 

Sr. No. Parameter Value (Mean ± Standard Deviation)
(1) Age (in years) 64.4 ± 10.86
(2) Sex (M:F) 3:1
(3) Etiology

(a) Malignant
(b) Non-malignant

Total-143
139 (97.20%)
4 (2.79%)

(4) (a) Thoraco-laparoscopy
(b) Robotic

138 (96.50%)
5 (3.49%)

(5) Duration (in mins) 457.97 ± 79.35 
(6) Blood loss (in ml) 138.08 ± 29.3
(7) Lymph nodes retrieved 22.68 ± 9.49
(8) Anastomosis

(a) Circular
(b) Linear stapler
(c) Hand sewn

46 (32.16%)
25 (17.48%)
72 (50.34%)

(9) ICU stay (in days) 4.68 ± 3.95
(10) Duration of hospital stay (in days) 13.48 ± 7.43 
(11) Histology (n-139)

(a) Adeno carcinoma
(b) Squamous cell carcinoma

121 (87.05%)
18 (12.94%) 

(12) T Staging (n-139)
(a) T2
(b) T3
(c) T4

56 (40.28%)
77 (55.39%)
6 (4.31%)

(13) Complications
(a) Pneumonia
(b) RLN injury
(c) Chyle leak
(d) Anastomotic Leak
(e) Anastomotic stricture 

25.17%
12 (8.39%)
2 (1.39%) - 1 required tracheostomy
1 (0.69%)
3 (2.09%)
18 (12.58%)

(14) Re-intervention
(a) Endoscopic
(b) Thoracoscopy

3 (2.09%) (combined endoscopic and 
thoracoscopic procedure done)
3 (2.09%)
3 (2.09%)

(15) 30-day mortality 1 (0.69%)
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we performed the circular anastomosis. Till the level of the azygous arch, we have completed hand sewn or 
linear staple anastomosis. Presently Our preferred technique of anastomosis is circular stapler technique 
if the level of the anastomosis is above the level of azygous arch and at the level of azygous or below the 
azygous arch hand-sewn technique because of better ergonomics. In robotic cases because of ease of 
suturing, we prefer hand-sewn anastomosis in all the circumstances. 

Initial reports of totally endoscopic ILE was by Watson et al.[9] who described, the technique of hand-
assisted laparoscopy for gastric mobilization and a right thoracoscopy for esophageal dissection and 
anastomosis in two patients. 

One of the potential advantages of the minimally invasive trans-thoracic approach is better exposure and 
improved lymph node dissection in the mediastinum, associated with low morbidity and mortality. The 
reported rate of peri-operative complications, including anastomotic leak, pneumonia, and recurrent nerve 
injury, was quite low[10].

Baranov et al.[11] in their study of 446 patients of minimally invasive ILE, 357 patients were younger than 
75 years (younger group) and 89 patients were aged 75 years and older (elderly group) found that regarding 
severe complications there was no significant difference between the younger and the elderly group (35.9% 
in the younger group versus 43.8% in the elderly group, P = 0.421) and the 30 days mortality was 30-day 
mortality was 2.8% in the younger group versus 2.2% in the elderly group (P = 0.889). They have concluded 
that minimally invasive ILE can be safely performed in selected patients aged ≥ 75 years, without 
increasing severe complications or decreasing survival.

In a recent systemic review and meta-analysis by Deng et al.[12] in 2018 Comparing short-term outcomes 
between minimally invasive McKeown esophagectomy (MIME) and minimally Ivor Lewis esophagectomy 
(MILE) for esophageal or junctional cancer found that MIME was associated with more blood loss, longer 
operating time, and longer hospital stay than MILE. Pulmonary complications (OR = 1.96, 95%CI: 1.28-
3.00) as well as total anastomotic leak (OR = 2.55, 95%CI: 1.40-4.63), stricture (OR = 2.07, 95%CI: 1.05-4.07), 
and vocal cord injury/palsy (OR = 5.62, 95%CI: 3.46-9.14) were significantly higher in MIME compared 
to MILE[12]. In TIME trial, long term results, after three years follow-up, found no differences in disease-
free (37.3% vs. 42.9%, P = 0.602) and overall (41.2% vs. 42.9%, P = 0.633) 3-year survival between open 
esophagectomy and minimally invasive esophagectomy[13]. In their study they also found that minimally 
invasive esophagectomy in post neoadjuvant therapy compare to upfront surgery showed no difference 
in resection rates and concluded that minimally invasive surgery might be safely attempted in post 
neoadjuvant cases which were considered as a contraindication due to radiation fibrosis[14].

In our study, the anastomotic leak is 2.09% compared to 4.7 % shown in the meta-analysis of various 
studies[15]. The overall pulmonary complications in our study are 8.39% in comparison to 17.1% in 
minimally invasive esophagectomies, in a meta-analysis of 57 studies[16]. The lymph node retrieval rate 
is 22.68 ± 9.49 in comparison to 22 ± 10 in a propensity score-matched study comparing open and 
laparoscopic group by Rinieri et al.[17]. The length of ICU stay in our study is 4.68 ± 3.95 days, and length 
of hospital stay is 13.48 ± 7.43 days, in comparison to 3.6 days and 12 days in a similar stud of minimally 
invasive ILE by Zonča et al.[18]. The 30 day mortality rate is 0.69% in comparison to 1 % shown in a 
systematic review by Deng et al.[12].

In conclusion, thoracolaparoscopic esophagectomy with intrathoracic Ivor Lewis anastomosis is an 
excellent option for selected patients, in experienced hands.
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Abstract

A 67-year-old man complained of the sudden onset of disabling pain in his right leg. He had already undergone 
full-endoscopic lumbar discectomy, interlaminar (FELD-IL) approach twice for lumbar disc herniation (LDH) at the 
L4/5 level. MRI showed recurrence of LDH at L4/5 level. Intradural masses were also suspected at the L4 vertebral 
level. Discography at the L4/5 disc showed contrast medium leakage from the disc to the subarachnoid space. 
Operation was performed and fragments of the herniated disc were carefully removed under a surgical microscope. 
The ventral dura mater could be seen adhering to the L4/5 disc. This report is the first documentation of intradural 
LDH after FELD-IL. Although FELD is less invasive than previous procedures, adhesion between dura mater and 
surrounding tissues may occur. It is most important to apply discography to confirm the presence of a hole between 
the intradural space and the disc.

Keywords: Intradural lumbar disc herniation, full-endoscopic lumbar discectomy, discography

INTRODUCTION
Intradural lumbar disc herniation (LDH) is rare, with a reported incidence of 0.26%-0.30% of all cases 
of LDH[1,2]. The first report of intradural LDH was presented by Dandy in 1942[3]. Several etiopathologies 
of intradural LDH have been suggested, including adhesion between the ventral dura and posterior 



longitudinal ligament associated with congenital or chronic inf lammation after previous surgery[1,4], 
congenital reduction in dural thickness, and congenital stenosis of the vertebral canal[5]. 

Full-endoscopic lumbar discectomy (FELD) is a minimally invasive technique for treating LDH. FELD 
has recently become widely used after being reported by Ruetten et al.[6] in 2008. Three approaches are 
used with FELD to treat LDH: transforaminal, posterolateral, and interlaminar (IL). To date, there are no 
reports of intradural LDH in patients following FELD-IL. Herein, we describe a case of intradural LDH 
after FELD-IL and discuss the specific features of diagnostic imaging, its etiopathology, and the surgical 
findings.

CASE REPORT
A 67-year-old man complained of the sudden onset of disabling pain in his right leg. He was admitted to 
our hospital. He had undergone FELD-IL twice before for LDH at the L4/5 level, 2 years and 1 year ago, 
respectively. There was no injury to the dura matter during the previous operations. The straight leg raising 
test was positive at 60° on the right side. Neurological examination demonstrated no paralysis and no sensory 
disturbance in his leg. There was no dysuria. Magnetic resonance imaging (MRI) showed LDH at the 
L4/5 level and a redundant cauda equina [Figure 1]. Intradural masses were also suspected at the L4 level. 
Computed tomography (CT) after myelography clearly showed an intradural mass from L4 to the sacral 
level [Figure 2]. It was suspected to be intradural disc herniation or a spinal tumor. Discography and CT 
discography showed leakage of contrast medium from the disc space to the subarachnoid space [Figures 3 and 4]. 
Based on these findings, we strongly suspected intradural LDH. 

Laminectomy from L4 to S1 was performed, exposing a bulging dural sac at the L4/5 level. Durotomy 
was performed at the midline, and the herniated disc was fragmented [Figure 5]. These fragments were 
carefully removed under a surgical microscope until the adhesion between the herniated disc and the 
cauda equina was disrupted and the defect in the dura mater apparent [Figure 6]. The ventral dura was 
strongly adherent to the L4/5 disc. 

The patient reported alleviation of his leg pain immediately after the surgery. Postoperative MRI showed 
complete removal of the intradural LDH.
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Figure 1. Preoperative magnetic resonance imaging, T2-weighted sagittal image
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Figure 2. Computed tomography after myelography, sagittal image. An intradural mass was observed from L4 to the sacral level

Figure 3. Discography at the L4/5 level. Contrast medium was not contained within the disc as it spread intrathecally with a myelographic 
appearance

Figure 4. Computed tomography after discography. A: sagittal image; B: axial image

A B



DISCUSSION
First reported in 2008 by Ruetten et al.[6], FELD is a minimally invasive technique for treating LDH. 
Tamaki et al.[7] later reported the occurrence of intradural LDH after FELD, but the transforaminal 
approach was used, and a ventral dural tear was observed during the operation. Our present report is the 
first documentation of intradural LDH after FELD-IL. 

Although FELD is less invasive than previous procedures (e.g., micro-endoscopic or open surgery), 
adhesion between the dura mater and surrounding tissues may occur after FELD, as in the present 
case. The re-operation should be performed carefully even if the previous operation procedure was 
FELD. Matsumoto et al.[8] reported that the pathophysiology of intradural LDH is typically attributed to 
adhesion between the annulus fibrosus, the posterior longitudinal ligament, and the dura mater after local 
inflammation or a prior operation. It is quite possible that intradural LDH could occur after FELD-IL even 
though FELD is less invasive and there was no dural tear.

Several radiological features of intradural LDH - rim enhancement of the herniated disc on gadolinium-
enhanced MRI, beak-like appearance on T2-weighted images - have been reported previously. However, 
these radiological features are not conclusive for diagnosing intradural LDH. The most important 

Figure 5. Intraoperative microscopic image reveals an intradural herniated mass

Figure 6. Intraoperative microscopic image reveals a defect in the ventral dura
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diagnostic step is to demonstrate a hole between the intradural space and the disc space. A few reports have 
described discography for preoperative intradural LDH[9,10]. Benyamin et al.[9] reported a case of intradural 
LDH incidentally diagnosed during routine discography. In the present case, we performed discography to 
distinguish intradural LDH from other spinal pathologies, such as neurinoma and arachnoid cyst, among 
others. 

In conclusion, preoperative diagnosis of intradural LDH is important for surgical planning. Physical 
examination for intradural LDH is similar to that for common LDH. Image findings, especially via 
discography, are important for establishing a definitive diagnosis of intradural LDH. 
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Abstract

We present an alternative didactic approach to the esophagogastric junction through an active liver retraction with a 
laparoscopic palpator. We believe this didactic approach is not necessarily carried by a well-trained team. However, 
it is a minor modification of the standard operation that has advantages on surgical training in academic centers.

Keywords: Laparoscopy, stomach, esophagus, esophagogastric junction

INTRODUCTION
Laparoscopic surgery of the esophagogastric junction (EGJ) is a common procedure for a great number 
of antireflux operations had already been performed[1]. In addition, the surgical treatment of achalasia[2], 
esophageal neoplasms[3] and certain modifications of bariatric operations[4] are included in the laparoscopic 
procedures of the EGJ as well. The classical disposition of the ports for laparoscopic surgery of the EGJ 
comprises 5 ports. Liver retraction is usually accomplished through the use of dedicate retractors inserted 
in the right flank and the retractor is frequently kept static. Alternatively, liver retraction may be obtained 
through a port in the epigastrium with the aid of a simple stick (palpator)[5] or a Nathanson retractor[6].

We present an alternative didactic approach to the EGJ through an active liver retraction with a 
laparoscopic palpator.



METHOD
Ports are placed in a similar fashion to the classic approach with the exception of the liver retraction port 
that is moved from the right flank to the epigastrium, closing to the xyphoid appendix [Figure 1]. 

The surgeon (chief resident/fellow) stands between the legs of the patient, with the first assistant to the 
right of the patient and the second assistant to the left of the patient. The first assistant (attending) holds 
the camera and a palpator (or an irrigator/aspirator although fatigue is stronger with this instrument). The 
assistant is sited to prevent their elbows to touch surgeon’s arms. 

The second assistant (2nd/3rd year resident) holds the EGJ with the aid of a Babcock or later on a Penrose 
drain encircling the esophagus. The assistant is instructed at the beginning of the operation to place the 
EGJ either in “position 1” or “position 2” as required. Position 1 exposes the right side of the esophagus 
pointing the tip of the Babcock at the left inguinal area of the patient. Oppositely, position 2 exposes the 
left side of the esophagus pointing the tip of the Babcock at the right inguinal area of the patient [Figure 2]. 

The palpator is active and used for liver retraction [Figure 3], exposure [Figure 4], as an extra hand to allow 
the surgeon to work by both hands [Figure 5] and as a pointing device to communicate instructions and 
show anatomic structures [Figure 6]. The palpator may be replaced by other instruments to allow suction 
[Figure 5] or hold a knot during tying to prevent a slip knot. 
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Figure 1. Ports placement for operations on the esophagogastric junction. Liver retraction is moved from the right flank of the classic 
approach to the epigastrium in the proposed didactic technique

Figure 2. Esophageal exposition based on pre-taught hand positions of the second assistant. Exposure of the right side of the esophagus - 
Position A, and exposure of the left side of the esophagus - Position B

A B
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A B

Figure 3. Exposure of the esophagogastric junction and liver retraction with the conventional approach using a liver retractor through a 
right flank port A and the didactic approach with a palpator through an epigastric port B

Figure 4. Dissection of the distal esophagus and esophageal hiatus with the aid of a palpator. Retraction of the right A or left crus during 
dissection B

Figure 5. Palpator replaced by a suction/irrigation to help maintain a blood free surgical field and act as a third hand to allow the surgeon 
to work by both hands during a leiomyoma enucleation A or hiatal hernia repair B

A B

A B



The hiatus and the esophagus are initially approached through the right side after opening of the 
gastrohepatic ligament. The palpator may be used to retract the right arm of the crus or the esophagus, 
allowing the learning surgeon to have both hands free for dissection. Similarly, the esophagus is dissected 
from the hiatus circumferentially in a clockwise direction [Figure 4].

CONCLUSION
Operations on the esophagogastric junction in our university are entirely performed by a 4th year resident 
under direct supervision of a senior attending that acts as the first assistant in this didactic approach. This 
approach was feasible for all cases of Nissen fundoplication or Heller’s myotomy with exposure comparable 
to the classic approach [Figure 2]. In some cases of large, steatotic livers, the exposure may be cumbersome. 
In these cases, however, the palpator is kept immobile pushing the left lobe of the liver against the 
diaphragm above the esophageal hiatus. The advantages of a mobile stick are lost but the operation can be 
carried on similarly to the classic approach.

We believe this didactic approach is not necessarily carried by a well-trained team. However, it is a minor 
modification of the standard operation that has advantages on surgical training in academic centers.
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Abstract

Gastric cancer remains one of the most frequent cancers worldwide. Currently the only potentially curative 
treatment is surgery, often in combination with perioperative chemotherapy. Gastric cancer surgery is associated 
with significant morbidity. However, over the last few decades several potential advances have been introduced to 
improve the treatment for gastric cancer patients. Introduction of laparoscopic gastric cancer surgery has shown 
promising results and therefore gained popularity worldwide. This review describes an overview of laparoscopic 
gastrectomy for gastric cancer patients. In general, the introduction of laparoscopic surgery has shown improvement 
in the short-term outcomes of gastric cancer treatment. Laparoscopic approach for gastric cancer is feasible, safe 
and should be performed in experienced high volume centres. However, results from randomised trials in advanced 
gastric cancer are awaited to further determine the effect of a laparoscopic gastrectomy on oncological and long-
term outcomes. 

Keywords: Gastrectomy, laparoscopy, gastric cancer, laparoscopic gastrectomy, minimal invasive surgery

INTRODUCTION
Gastric cancer remains the fifth most frequent cancer and the third cause of cancer death worldwide[1]. 
Open gastrectomy (OG) has been the mainstay of curative treatment, however, an open approach is 
associated with significant morbidity[2]. Therefore, laparoscopic gastrectomy (LG) for gastric cancer 



treatment has gained popularity in the last few decades, as it potentially results in a better outcome 
regarding morbidity and survival. In 1994, a laparoscopic distal gastrectomy (LDG) for early gastric 
cancer was reported for the first time[3]. A few years later, a series of laparoscopic total gastrectomy’s (LTG) 
with D1 and D2 lymph node dissection was published[4]. Since then, experience in laparoscopic surgery 
has improved with time allowing both distal gastrectomy and total gastrectomy to be performed more 
frequently worldwide. This report outlines the current state of LG for gastric cancer and its future outlook. 

LDG FOR GASTRIC CANCER
Since the report by Kitano et al.[3] in 1994, LDG has been investigated intensively, predominately in the 
Far East. A large Korean case control study which compared both LDG and LTG with OG showed no 
differences in survival, morbidity and mortality[5]. Several large randomised controlled trials (RCTs) have 
been performed, mainly in Asia. The Chinese CLASS-01 trial compared LDG with open distal gastrectomy 
(ODG) for patients with early stage gastric cancer [T2-4 N0-3, M0 (stage 1 gastric cancer)[6]]. Three-
year disease-free survival was 76.5% in the laparoscopic group compared with 77.8% in the open group 
[1-sided 97.5%CI: (-6.5% to ∞)]. In addition, three-year overall survival (OS) rate was 83.1% in patients who 
underwent a LDG compared with 85.2% in the ODG group (HR 1.19; 95%CI: 0.87-1.64; P = 0.28). About 
40% of the patients in both treatment groups received adjuvant chemotherapy. The Korean KLASS-01 
trial compared LDG with ODG for patients with early stage gastric cancer [T1/2, N0/1, M0 (stage 1 gastric 
cancer)[7]]. The 5-year OS was 94.2% in the laparoscopic group and 93.3% in the open group (P = 0.64). In 
addition, cancer-specific survival rate was 97.1% in patients who underwent a LDG compared with 97.2% in 
the ODG group (P = 0.91). Earlier, the short-term outcomes of the KLASS-01 trial were published[8]. Patients 
who underwent a LDG had a reduced overall complication rate (LDG vs. ODG; 13.0% vs. 19.9%; P = 0.001), 
reduced length of stay (LOS) (LDG vs. ODG; 7.1 ± 3.1 vs. 7.9 ± 4.1; P < 0.001), and a reduced lymph node yield 
(LDG vs. ODG; 40.5 ± 15.3 vs. 43.7 ± 15.7; P < 0.001). In addition, post-operative mortality was equal. The 
Japanese JCOG0912, which compares LDG with ODG, only reported their short term outcomes[9]. This 
study reported that a laparoscopic approach resulted in a longer operation time (LDG vs. ODG; median 
278 min vs. 194 min; P < 0.001) and reduced blood loss (LDG vs. ODG; median 38 mL vs. 115 mL; P < 
0.001). In addition, no differences were reported in mortality and lymph node yield. These studies show that 
a laparoscopic approach for early stage gastric cancer is safe and reduces the complication rate. However, 
we will have to wait for the long-term data to interpret the effect of a laparoscopic approach on long-term 
oncological outcome. 

A meta-analysis has compared LDG with ODG including twenty-five studies in the analysis. They reported 
that a LDG was associated with longer operative times [weighted mean differences (WMD - 48.3 min; P < 
0.001)], reduced post-operative complications (OR 0.49; P = 0.002), reduced blood loss (WMD - 118.9 mL; P 
< 0.001), as well as reduced LOS (WMD - 3.6 days; P < 0.001)[10]. However, patients in the open group had a 
significant higher lymph node yield (WMD 3.9; P < 0.001). The impact of this reduced lymph node yield on 
oncological and long-term outcome is unknown. The longer operating time for LDG may be because some 
surgeons are still on the learning curve. Overall these studies demonstrate that short-term outcomes of 
LDG for patients with gastric cancer are comparable to ODG. 

LTG FOR GASTRIC CANCER
The laparoscopic approach for LTG has also gained in popularity worldwide since the first series was 
reported in 1999[4]. A meta-analysis reviewed the short-term outcomes of LTG compared with OTG in 
patients with gastric cancer[11]. In eight selected studies, LTG was associated with a significant reduction of 
intraoperative blood loss (WMD - 227.6 mL; 95%CI: 144.3-310.9; P < 0.001), reduced LOS (WMD - 4.0 days; 
95%CI: 1.4-6.5; P < 0.001) and reduced postoperative complications (RR 0.51; 95%CI: 0.33-0.77). However, a 
prolonged operation time was seen in patients who underwent a LTG (WMD - 55.5 min; 95%CI: 24.8-86.2; 
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P < 0.001). In addition, there was no difference in the in-hospital mortality between both groups. A further 
meta-analysis for LTG was performed which reviewed 10 retrospective cohort studies and 2 case-controlled 
studies[12]. A laparoscopic approach for gastric cancer resulted in reduced postoperative complications 
(OR 0.66; P = 0.02), reduced blood loss (WMD - 160.70 mL; P < 0.00001), as well as reduced LOS (WMD - 
2.43 days; P = 0.0002). In addition, there was no significant difference in mortality (OR 0.60, P = 0.52), lymph 
node yield (WMD - 2.30; P = 0.06), radicality or negative resection margin status. However, again it was 
observed that a minimally invasive approach resulted in a significantly prolonged operation time (WMD - 
48.06 min; P < 0.00001).

A case control study which compared laparoscopic with OG (for both distal and total gastrectomy) 
showed similar results in line with the meta-analysis. A laparoscopic approach resulted in reduced blood 
loss, reduced LOS, reduced minor complications and a prolonged length of operation time[13]. However, 
interestingly this study also demonstrated that a laparoscopic approach for gastric cancer resulted in a 
significant increased likelihood of receiving and completing the course of adjuvant therapy. In the well-
known MAGIC trial only 49.5% of the patients who successfully completed neo-adjuvant chemotherapy 
and surgery also completed 3 cycles of adjuvant chemotherapy[14]. As adjuvant treatment is critically 
important for patients with (advanced) gastric cancer this may demonstrate an important benefit of a 
laparoscopic approach. A propensity scored matched analysis compared LG to OG during the introduction 
of LG in the Netherlands[15]. Analyses in 884 patients showed less wound complications (2% vs. 5%, P = 
0.006) and less chyle leakage (1% vs. 4%, P = 0.004) in patients who underwent LG. However, there was no 
difference in overall postoperative morbidity or anastomotic leakage. 

Overall these studies show that LTG is feasible and safe. Further research in the form of RCTs are 
warranted to confirm short term morbidity and quality of resection, but in particular provide the best data 
to evaluate the long-term oncological outcomes. So far, most of the studies are conducted in the Far East. 
A RCT which compares LTG gastrectomy with OTG is currently ongoing[16]. The primary endpoint of this 
study is to evaluate the effect of surgical approach on morbidity and mortality in patients with T1/2, N0/1, 
M0 (stage 1) gastric cancer. More recently, a Korean RCT comparing open with LTG for advanced gastric 
cancer has started (KLASS-06). However, results from the Far East cannot be easily translated to the 
Western population. This is mainly due to the different population and body mass index, a less advanced 
stage of gastric cancer in Asia, and a much lower utilization of (neo)-adjuvant chemotherapy. In Europe 
two RCTs are ongoing, the STOMACH trial and the LOGICA trial[17,18]. Both multicentre randomised 
trials study the effect of LG with OG in patients with more advanced gastric cancer (T1-3, N0-1, M0) in the 
Western population. Patients included in these studies predominantly received neoadjuvant chemotherapy. 
Primary endpoints in these trials are the quality of the oncologic resection and postoperative complications. 
Recently, preliminary results of these two trials were presented at the International Gastric Cancer Congress 
2019. Laparoscopic and OG resulted in comparable oncological outcomes, and comparable morbidity and 
mortality. Overall, final results of these studies will provide more information on which surgical technique 
is optimal for treatment of resectable gastric cancer. 

COMPLICATIONS FOLLOWING LG
Gastric cancer surgery is associated with high morbidity. One of the benefits of a laparoscopic approach is 
reducing morbidity. A propensity matched analysis assessed complications in 4124 patients who underwent 
a LG or OG, of whom 627 patients developed complications[19]. No significant differences were found 
in overall complications (14.2% vs. 16.5 %; P = 0.093). However, hospital mortality was reduced in the 
LG group (0.3% vs. 1.2%; P = 0.004) as was failure to rescue rates (2.1% vs. 7.6%; P = 0.008). Multivariate 
analysis showed that older age, tumour location, TNM stage, extent of gastric resection, operative time 
and operative blood loss were adverse risk factors for complications. They concluded that whilst overall 
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complications were similar, patients were more likely to die when they experienced complications following 
OG.

A systematic review of 16 non-RCTs of anastomotic complications following LTG vs. OTG did not find any 
statistical difference in the incidence of anastomotic leakage, 3.0% vs. 2.1% respectively (OR 1.42, 95%CI: 
0.86-2.33; P = 0.17)[20]. The incidence of anastomotic stenosis was also not significantly different between 
groups, 3.2% vs. 2.7% following LTG and OTG respectively (OR 1.55, 95%CI: 0.94-2.54; P = 0.08). When the 
LTG was classified into six categories for the various anastomotic techniques, review of the case studies 
demonstrated a similar anastomotic leak rate (1.1%-3.2%), however the incidence of stenosis was relatively 
high when the OrVilTM device was used (8.8%) compared with other procedures (1.0%-3.6%).

LONG TERM ONCOLOGICAL OUTCOMES AND MORBIDITY
So far, there are no publications of randomised control trials comparing LG with OG which report long 
term survival data. However, long term survival has been assessed in a meta-analysis looking at 5-year 
results, for OS, recurrence or gastric cancer related death[21]. In this analysis, 23 studies with a total of 7336 
patients who underwent a distal or total gastrectomy were included. Excluding the studies that didn’t have 
well balanced groups, they reported no differences between LG and OG as 5-year OS (OR 1.07, 95%CI: 0.90-
1.28; P  =  0.45), recurrence (OR  0.83, 95%CI: 0.68-1.02; P  =  0.08), and gastric cancer-related death (OR 0.86, 
95%CI: 0.65-1.13; P  =  0.28) rates were similar. They conclude that long term results of LG are comparable to 
open surgery for both early and advanced gastric cancer. 

Large propensity matched cohort studies have been performed to assess the long-term outcomes between 
OG and LG for advanced gastric cancer to achieve an immediate assessment whilst we await the results 
of RCTs. Li et al.[22] matched 459 and 856 patients undergoing laparoscopic or OG (both distal and total) 
respectively for advanced gastric cancer with D2 lymph node resection. No significant difference was 
identified in the 5-year OS (52.0% and 53.4%; P = 0.805) and disease-free survival (46.8% vs. 47.3%; P = 
0.963) between the laparoscopic and open groups. Stratified assessment also did not identify any differences 
according to tumour stage. The operation method was not an independent prognostic factor for OS or 
disease-free survival. In addition, the recurrence pattern was similar between the laparoscopic and OG 
groups. 

Another propensity matched cohort study, the LOC-A study, matched 610 cases with advanced gastric 
cancer (stage 2/3) who underwent a laparoscopic or open distal, proximal or total gastrectomy[23]. No 
significant differences in 5-year survival or recurrence was found. Five-year survival for OG was 53.0% 
compared to 54.2% following LG. In addition, the recurrence rate was 30.8% and 29.8% respectively. High 
risk patients have also been assessed in a further propensity matched cohort study comparing LG with 
OG[24]. The patients underwent a distal or total gastrectomy. High risk patients were deemed to have at 
least one of: age > 80 years, BMI > 30 kg/m2, ASA grade ≥ 3, or clinical T stage 4. After matching, each 
group had 341 patients with no difference in clinico-pathological data between the open and laparoscopic 
groups. Operating time (181.70 min vs. 266.71 min; P < 0.001) and blood loss (68.11 mL vs. 225.54 mL; P < 
0.001) were significantly lower in the LG group, whilst postoperative complications occurred in 11.4% and 
18.5%, in the LG and OG group respectively (P = 0.010). Therefore, laparoscopic surgery was a significant 
protective factor against post-operative complications (P = 0.019). In addition, the number of risk factors 
present was an independent risk factor for post-operative complications (P = 0.021). Again, the 5-year OS 
rate was similar between the LG and OG groups (55.0% vs. 52.0%; P = 0.086). 

ENHANCED RECOVERY AFTER SURGERY 
Enhanced recovery after surgery (ERAS) program has been described for the first time in the nineties[25]. 
Since then, the success of programs has been described in various fields of surgery, including both open 
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and laparoscopic techniques in the specialty of Gastro-Oesophageal surgery[26,27]. A recent meta-analysis 
described the results of ERAS in LG patients[28]. In this analysis of six studies, with predominantly patients 
who underwent a LDG, ERAS resulted in shorter LOS (WMD - 2.65; P < 0.01) and less hospitalisation 
expenditure (WMD - 523.43; P < 0.01). However, no significant difference was found regarding complication 
rate. This meta-analysis shows that ERAS can be applied to laparoscopic gastric surgery. However, large 
sample RCT’s should be conducted to fully show the effect of an ERAS program in LG patients. 

LEARNING CURVE 
A LTG remains a challenging surgical procedure with substantial technical difficulties, such as the 
extended lymph node dissection and the anastomoses of the oesophagus to the jejunum. Limited studies 
have addressed the learning curve for LTG. A Korean study described that the learning curve for LTG is 
approximately 100 cases[29]. Earlier, another Korean study described using the cumulative sum technique 
showed that postoperative morbidity reached a plateau after around 45 cases[30]. In addition, for LDG a 
learning curve of 20 to 40 cases has been reported[31]. Overall, these studies show that a lengthy learning 
curve will be required to achieve acceptable morbidity. In addition, the learning curve for LTG in the 
Western countries may differ as in general this includes patients with more advanced gastric cancer as well 
as higher BMI. 

CENTRALISATION
Worldwide centralisation for the care for gastric cancer patients is increasing. In the Netherlands it has 
been imposed since 2012. A recent analysis on the outcomes from this process has shown an increase in 
the utilisation of laparoscopic surgery for gastric cancer from 6% to 40% (P < 0.01)[32]. Whilst the volume 
of laparoscopic surgery has increased, adequate lymphadenectomy has improved from 21% to 93% (P < 
0.01). Other benefits included decreased median LOS (8 days vs. 10 days; P < 0.01), and greater utilisation 
of perioperative chemotherapy (25% vs. 42%; P < 0.01). They reported no significant change in 30-day 
mortality (4.2% vs. 1.9%; P = 0.17), 1 year overall (78% vs. 80%; P = 0.17) and disease-free survival (73% 
vs. 74%; P = 0.66). This demonstrates that in western countries, centralisation of gastric cancer results in 
better rates of laparoscopic resection, improved short term outcomes without impacting on postoperative 
mortality and intermediate-term survival. 

TECHNICAL ASPECTS OF LG
Anastomoses technique
LTG is technically difficult. The main concerns are the anastomoses technique and oncological safety. 
Currently there is no standardised method for the esophago-jejunostomy, and many different techniques 
have been described. A retrospective study in 687 patients who underwent a LTG compared oesophago-
jejunostomy using a linear stapler with a circular stapler[33]. Complication rates were similar between 
the two groups, however the linear stapler resulted in a shorter operation time (149 min vs. 170 min, P < 
0.001) as well as shorter length of hospital stay. Therefore, concluded was that a linear stapler technique 
for an oesophago-jejunostomy is a feasible procedure. A retrospective study compared a circular stapler 
(OrVilTM) esophago-jejunostomy with an overlap esophago-jejunostomy using a linear stapler[34]. The rate 
of anastomotic anastomotic leakage was lower in the linear stapler group compared with the OrVilTM 
group (0.7% vs. 4.1%) although this was not significant. In addition, the rate of anastomotic stenosis was 
significantly lower in the linear stapler group compared with the OrVilTM group (0.0% vs. 4.1%, P = 0.017). 
However, there are no RCT’s comparing the optimal anastomoses technique in patients undergoing LTG. 

Extent of lymph node dissection
Numerous studies have reported the impact of lymph node dissection on survival in gastric cancer surgery. 
Fifteen year follow up of a Dutch trial comparing a limited lymph node dissection (D1) with an extended 
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lymph node dissection (D2) reported that D2 lymphadenectomy is associated with lower locoregional 
recurrence (D1; 22% vs. D2; 12%) and significantly reduced gastric-cancer related deaths (D1; 48% vs. 
D2; 37%)[35]. A systematic review of RCTs comparing different types of lymph node dissection in patients 
with gastric cancer was reported[36]. In this review no significant difference in OS was seen after D1 
lymphadenectomy compared with D2 lymphadenectomy (n = 5; HR 0.91, 95%CI: 0.71 to 1.17). In contrast, 
D2 lymphadenectomy was related to a significantly improved disease specific survival compared to D1 
lymphadenectomy (HR 0.81, 95%CI: 0.71-0.92). However, the D2 lymphadenectomy was associated with 
a higher postoperative mortality rate (RR 2.02, 95%CI: 1.34-3.04). The high post-operative morbidity and 
mortality following D2 dissection in this study was attributed to performing a splenectomy. Therefore, 
a spleen-preserving D2 lymphadenectomy is the recommend surgical approach for resectable advanced 
gastric cancer.

In a meta-analysis comparing open with LG, 11 of 12 studies described lymph node resection, with no 
significant differences between OTG and LTG groups[12]. Eight of the studies individually favoured open 
resection for lymph node resection. Only three studies reported resection margin status, with no difference 
in proximal, distal or circumferential margin R0 resection status. Overall, lymph node yield was equal after 
both methods of gastric surgery. The recently published long-term results of the CLASS-01 trial showed 
a mean retrieval of lymph nodes of 36 in the laparoscopic group compared with 37 in the open group[6]. 
Overall, these numbers are higher compared with the number of lymph nodes retrieved in the West. 
Therefore, the results of ongoing RCTs in Europe are needed to establish the optimal surgical approach in 
patients with gastric cancer in Western countries.

Omentectomy 
A Dutch prospective trial studied the presence of metastases in the greater omentum in patients 
undergoing a (sub) total gastrectomy with omentectomy and D2 lymphadenectomy for gastric cancer[37]. 
Five percent of the patients had metastases in the greater omentum, however all these patients also had a 
positive proximal or distal resection margin (R1 resection). In addition, another Dutch prospective trial 
demonstrated that omental lymph node metastases or tumour deposits are present in 10% of the patients[38]. 
Worldwide there is no consensus on whether to perform an omentectomy or not for gastric cancer surgery. 
RCTs are warranted to investigate the effect of omentectomy on long-term survival. Traditionally, an 
omentectomy has been considered the standard approach to gastrectomy for gastric cancer patients. Due to 
possible presence of omental lymph node metastases and difficulty in predicting presence of these nodes, 
omentectomy should be performed as standard, unless proven otherwise by randomised trials. 

Bursectomy 
In eastern Asia, a bursectomy has been performed to remove the peritoneum covering the pancreas and the 
anterior plane of the transverse mesocolon. Two Japanese RCTs compared bursectomy with omentectomy 
for patients with resectable gastric cancer. First, Hirao et al.[39] reported in patients with cT2-3 gastric 
adenocarcinoma and D2 gastrectomy a 5-year survival of 77.5% in patients who underwent a bursectomy 
compared with 71.3% in patients without bursectomy (P = 0.16). However, multivariate analysis that 
bursectomy was an independent prognostic factor of good OS (P = 0.033). More recently, Kurokawa et al.[40] 
reported no survival advantage for bursectomy combined with omentectomy over omentectomy alone. 
Five-year OS was 76.7% in the non-bursectomy group and 76.9% in the bursectomy group (HR 1.05, 95%CI: 
0.81-1.37; P = 0.65). In addition, a recent meta-analysis reported that a bursectomy for advanced gastric 
cancer has no positive influence on the number of harvested lymph nodes (WMD 5.86; P = 0.157) or on the 
OS (HR 0.95; P = 0.647)[41]. A study describing patients who underwent a LTG with complete bursectomy 
showed that this technique is feasible and safe in experienced hands[42]. 
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Jejunal pouch
The most common reconstruction technique after a total gastrectomy is the oesophago-jejunostomy Roux-
en-Y reconstruction. However, this technique is associated with complaints like reflux, weight loss, and 
dumping syndrome[43]. One of the techniques performed to potentially improve long-term outcome is the 
formation of a jejunal pouch[44]. A recent meta-analysis which includes 25 studies comparing reconstruction 
with or without a pouch, mainly in patients who underwent open surgery, showed a reduction of the risk 
of dumping syndrome[45], reduced heartburn and oesophagitis, as well as a significantly higher body mass 
index (22.2 kg/m2 vs. 20.9 kg/m2; WMD 1.28; 95%CI: 0.61-1.94). However, minimal reports of jejunal pouch 
reconstruction in a laparoscopic approach have been published so far[46]. 

NOVEL TECHNIQUES 
Robotic gastrectomy
Robotic surgery for gastric cancer remains experimental and controversial, in part due to the lack of RCTs. 
However, several Western and Asian centres have reported their series of robotic surgery in gastric cancer 
patients. A meta-analysis comparing LG to robotic gastrectomy included three non-randomised controlled 
studies[47]. Robotic gastrectomy was associated with a longer operation time but reduced intra-operative 
blood loss. No differences were found in lymph node yield, morbidity, mortality, and LOS. The authors 
therefore concluded that a robotic approach is safe and feasible, however, that further research is warranted 
to investigate the effect on long-term oncological outcomes. More recently, a meta-analysis which included 
19 studies comparing LG with robotic gastrectomy again showed that robotic gastrectomy was associated 
with a prolonged operation time (WMD - 49.05 min; P < 0.01)[48]. In addition, reduced intraoperative blood 
loss (WMD - 24.38 mL; P < 0.01) as well as higher costs were observed (WMD - 3944.8 USD; P < 0.01). 
Again, there were no differences in morbidity, mortality, LOS, and lymph node yield. In general, robotic 
gastrectomy is as safe as LG. However, as the robotic approach is associated with longer operation times 
and higher costs, without any significant advantages over LG, the laparoscopic approach for gastric cancer 
is generally preferred.

CONCLUSION
Minimally invasive gastrectomy is feasible and safe in eastern and western countries. It has benefits for 
both early and advanced gastric cancer, as well as total and subtotal gastrectomy. The increasing worldwide 
trend for centralisation of gastric cancer treatment facilitates the use of a laparoscopic approach. These 
both aspects will increase treatment with neo-adjuvant and adjuvant chemotherapy, whilst LG also 
improves tolerance of adjuvant chemotherapy. Short term benefits include less blood loss, decreased LOS 
and lower postoperative morbidity and mortality. Quality of surgery markers such as lymph node yield 
and resection margin status appear to be comparable to open surgery. Long term survival data available 
currently indicate overall and disease-free survival is not inferior to open surgery, however the results from 
ongoing RCTs are awaited. 
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Abstract
Surgical treatment for non-achalasia primary esophageal motility disorders is reserved for few situations. Proper 
selection of patients brings good outcomes with low morbidity, which makes surgical therapy an adequate 
therapeutic option. High resolution manometry reclassifies esophageal motility disorders. Interestingly, literature 
is scarce on surgical therapy for this new classification with per oral endoscopic myotomy as the leading 
treatment.

Keywords: Esophageal manometry, motility disorders, distal esophageal spasm, jackhammer esophagus

High resolution manometry reclassifies esophageal motility disorders based on the Chicago 3.0 
classification[1]. Even though there is a certain correspondence between previous and current 
classifications[2], a distinct nomenclature arrived based on newly developed - and putatively more objective 
and accurate - parameters. Thus, primary esophageal motility disorders (PEMD) are probably better 
diagnosed and evaluated. 

Achalasia is surely the most understood PEMD. Other PEMD are not as well comprehended nor have 
defined therapy options. These other diseases defined by specific manometric pictures may occur as PEMD 
or secondary to gastroesophageal reflux disease (GERD)[3]. If GERD is present, the motility abnormality is 
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considered secondary, and treatment is directed toward reflux. In the absence of GERD, therapy is aimed at 
the modulation of the esophageal dysmotility with pharmacological agents or at the permeabilization of the 
gastroesophageal junction with endoscopic or surgical procedures[4]. 

Surgical treatment for non-achalasia PEMD was reserved for few situations during the conventional 
manometry era. Cardiomyotomy (Heller’s operation) and fundoplication are used for patients with 
hypertensive lower esophageal sphincter, diffuse esophageal spasm or nutcracker esophagus and obstructive 
symptoms[5,6]. Proper selection of patients is linked to good outcomes with low morbidity, which makes 
surgical therapy an adequate therapeutic option. Interestingly, literature is scarce on surgical therapy for 
this new classification with per oral endoscopic myotomy (POEM) as the leading treatment. 

Ineffective esophageal motility is not treated by surgery. Hypertensive lower esophageal sphincter is no 
longer a PEMD according to Chicago 3.0. 

There are no studies on Heller’s myotomy for distal esophageal spasm (previously diffuse spasm) based on 
the new classification. Some case reports of POEM for distal spasm have been reported[7-9] with multicenter 
studies encompassing a larger number of patients but always inferior to 20 in total[10]. Experience with 
the method is too short to draw conclusions. The same is true for jackhammer esophagus: no studies on 
Heller’s myotomy and few case reports for POEM[9,11]. A recent systematic review compiling these small 
series[12] showed a clinical success of 90%.          

Esophagogastric junction outflow obstruction is an altered motility pattern contemplated by Chicago 3.0 
classification. Most cases are associated to mechanical obstruction especially after operations in the area. 
Few cases are considered PEMD[13]. Interestingly, some cases treated by Heller’s myotomy[13-15] showed good 
outcomes while POEM did not show good results[16]. 

In conclusion, Heller’s myotomy and fundoplication are currently underused for the treatment of non-
achalasia PEMD. POEM is the preferred treatment, but long-term results with larger series are still elusive.
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Abstract

The incidence of renal cell carcinoma is rising and its represents the 2%, 3% of all cancers. The increased use of 
ultrasonography, contrast enhanced ultrasonography, computed tomography and magnetic resonance imaging have 
resulted in incidentally detected small renal masses (SRMs). SRMs represent a heterogeneous group of tumors that 
included metastatic lesions, benign, malignant, and cystic lesions. With the increase number of renal incidentalomas, 
we have seen an increase in therapeutic choices (surgery, ablation therapies and active surveillance). The role of 
imaging has progressively grown over the decades and became currently a cornerstone that is needed to perform 
diagnosis, treatment and follow-up of SRMs after ablation treatment. Hence, in this review, we critically assess 
recent literature on the role of imaging in the context of ablation management of SRMs with a focus on the diagnosis 
and follow-up protocol.

Keywords: Ultrasonography, contrast-enhanced ultrasound, contrast enhanced ultrasonography, small renal masses

INTRODUCTION
During the last decades, there has been an increase in the incidence of small renal masses (SRMs). This is 
likely because of increased use of axial and abdominal imaging and longer life expectancy[1].

SRMs are defined as renal masses with a maximum diameter of less than 4 cm and represent an extremely 
heterogeneous category of lesions including benign, malignant, solid or cystic ones. Though SRMs in 80% 



of cases are malignant tumors, they show a good natural history according to DISSRM Registry. Indeed, 
SRMs growth rate and variability decrease with time during active surveillance: in patients of advanced 
age or with serious comorbid conditions, SMRs can be managed conservatively with little change in overall 
survival or cancer-specific survival rate[2]. The treatment paradigm historically centered around surgery, 
from open one to minimally invasive surgery, such as enucleation or enucleoresection, in order to preserve as 
much as possible healthy renal parenchyma, reducing the risk of chronic kidney disease (CKD)[3]. However, 
thanks to more modern technologies, the concept of active surveillance has grown rapidly and nowadays 
in selected patients, we could offer a standardized protocol of surveillance or a focal management strategy. 
In addition, renal tumor ablation (focal management) has been developed rapidly during the last 2 decades 
and currently could be a real alternative option in the opportunely selected candidate to obtain local tumor 
control, functional preservation, fewer complications and a shorter recovery in comparison to surgery[2,3].

The imaging in the context of ablation therapy for SRMs is a cornerstone that is needed in all the pathway 
schedules: from diagnosis to treatment and eventually for surveillance and follow-up protocols. Hence, in 
this review, we critically assess recent literature on the role of imaging in the context of minimally invasive 
management of SRMs, focusing in particular on diagnosis and follow-up after ablative treatment.

IMAGING MODALITIES - DIAGNOSIS
The improvement and wide spreading of ever more efficient imaging techniques have leaded in the last 
years to a sensible increase in the diagnosis of incidental renal masses (IRM). Different imaging modalities 
are used: (1) ultrasonography (US); (2) contrast enhancement ultrasonography (CEUS); (3) computed 
tomography (CT); and (4) magnetic resonance imaging (MRI).

US
In every day clinical practice, US is the first imaging technique that allows the discovery of IRM. Generally, 
after having been discovered, IRM are better categorized and staged by using CT scan or abdominal MRI. 
The choice is extremely related to the comorbidity of the patients and the presence of a CKD and the 
experience of the radiologist.

According to Oh et al.[4], US has the sensitivity (SE), specificity (SP), positive predictive value (PPV), 
negative predictive value (NPV) and accuracy for renal cell carcinoma (RCC) diagnostic efficacy of 60.5%, 
72.7%, 34.8%, 63.6% respectively.

The advange of US included that the target of examination (SMRs) is clearly visible. All the conditions that 
limit the US examination, such as obesity or meteorism, represent limits also for CEUS. 

CEUS
Otherwise, CEUS has a good potential in the categorization of focal SRMs and has had an increasing use 
and widespread adoption worldwide due to its advantages in the evaluation of enhancement pattern of 
the renal lesion without the risk of nephrotoxicity and the lack of ionizing radiation. The contrast agent is 
made of microbubbles and has no toxic effects on renal parenchyma. As concerning CEUS, PPV, SE, SP, 
NPV are 86.8%, 63.6%, 89.2%, 58.3% and 81.6% respectively, for RCC diagnostic efficacy[4]. CEUS advantages 
include safety, patient tolerance, real-time imaging capability, and costs[5].

Hence, CEUS could be a useful instrument in the pre-operatively settings for characterization and 
diagnosis of SRMs but also in the follow-up, due for its strength in the detection of acute complication and 
early intralesional enhancement[6].
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Another use of CEUS is to distinguish kidney tumors and/or other conditions in which the convective 
B mode and US Doppler have not helpful the radiologist to a definitive diagnosis: for example, the 
pseudotumors have the same degree of enhancement as the remaining healthy renal parenchyma[7,8].

Particularly CEUS seems to be useful in some mimicking anatomical variations: pseudotumors, for 
example, have the same enhancing characteristics of the surrounding parenchyma [Figure 1] in all 
phases[9,10]. Conversely, in the majority of cases, the enhancement in kidney tumors is different from 
the nearly parenchyma: at least one vascular phase has a variation in the degree or distribution of 
enhancement. CEUS is also appropriate in the analysis and characterization of complex kidney cysts and 
particularly in the differentiation of Bosniak classification of renal cysts [Figures 2-5].
 
Compared with CT, CEUS seems to have the higher preciseness of CT for the characterization of renal 
cystic lesions according to lesional enhancement (LE). Infact, in some cases, CT and/or RMI can’t 
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Figure 1. Pseudotumor. A: Grey-scale sonography shows isoechoic cortical mass (or dromedary hump?) in the midportion of the kidney 
(arrows); on contrast-enhanced sonograms the lesion shows enhancement equal (or similar) to the kidney in all vascular phases. 
Computed tomography with contrast injection before (B), after (C) and 3D reconstruction (D) doesn’t show focal renal lesions

Figure 2. Bosniak 2 cyst. A: Grey scale and contrast enhanced sonograms shows small exophitic hypoechoic mass with smooth margin in 
lower pole; B: Completely avascular after microbubble injection

A B

C D

A B



recognize LE with inconclusive findings[11-13]. CEUS has a greater SP in characterizing renal cystic 
lesions, in particular the presence and thickness of a septum and/or the presence of a solid intracystic 
components[14-16].

Anyway, it is well-known the role of CT in the malignant cystic lesion for staging: now the CEUS is useful 
in the follow up of complex cystic lesions that are not suitable for surgery and in the future it could replace 
the CT[15].

Figure 3. Bosniak 2F cyst. A: Grey scale sonography shows in the mid portion of the left kidney cystic lesion with thin hyperechoic 
septum; B: Contrast enhanced sonography reveal homogeneous enhancement of the septum without parietal nodule 

Figure 4. Bosniak 3 cyst. A: Greyscale sonography shows voluminous mass with mixed echo structure (anechoic and hyperechoic 
components); B: Contrast enhanced sonography reveals cystic lesion characterized by irregular, thickened and vascularized walls

Figure 5. Bosniak 4 cyst. A: Grey scale shows hypoechoic round lesion with smooth margin; B: Contrast- enhanced sonography reveals a 
cystic lesion with mural nodules characterized by strong enhancement

A B

A B

A B
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CEUS plays an important role during the follow up: it avoids unnecessary studies with CT. The advantages 
of CEUS are considerable: a conventional US B-mode diagnosis in most cases a simple cyst [Figure 6], 
but CEUS detects neoangiogenesis (blood f low in hypovascularized lesions) with greater accuracy[16]. It 
allows a clearer distinction between solid and complex cystic lesions, above all it helps to characterize non-
diagnostic lesions with other imaging (CT, US, B-mode)[17]. In agreement with Bertolotto et al.[18], CEUS 
allows a better identification of the lesions, expecially in the case of small or multifocal lesions, with the 
help of the image fusion system.

CT
CT exposes the subject to a relatively high dose of radiation, and the iodinated contrast agents have a 
potential risk of nephrotoxicity in patients with renal impairment. Furthermore, on CT examination, 
enhancement is defined when an increase in attenuation > 15 Hounsfield Units is observed between the 
unenhanced and enhanced phases[19].

CT is the gold standard in the worldwide for staging renal tumors and SRMs. However, in clinical practice, 
most CT scan studies are not performed with a specific renal protocol: most of time protocol are inadequate 
to characterize the lesions. Hence, indeterminate renal lesions are frequently identified [Figure 7]. In addition, 
during follow-up US assessment should be comprehensive, including CEUS, to obviate an unnecessary CT 
study[16]. 

MRI
MRI is considered the most accurate diagnostic tool, with SE and SP in characterizing SMRs ranging 
from 88% to 100% and from 83% to 93%, respectively[6]. However, it is also the most expensive imaging 
technique[6] and cannot be used in patients with a pacemaker, uncooperative patients, and patients with 
severe renal failure. There are occasionally issues related to patient tolerance and safety, in particular the 
risk of nephrogenic systemic fibrosis in patients with estimated glomerular filtration rates under 30 mL/min, 
when exposed to MRI contrast agents[7-9]. Moreover, the MRI characterization of SMRs may be difficult, as 
image subtraction cannot be effectively performed.

MRI indication is used both to evaluate renal masses of nature to be and determined to stage RCC, 
considering that MRI is more specific than CT scan for benign lesions [Figure 8][19,20].

Moreover, MRI helps to classify renal tumors according to specific characteristics (solid vs. cystic), 
expecially in cases of doubtful CT[18]. The most recent MRI schemes to study SMRs, use different 
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Figure 6. Simple cyst. A: Greyscale sonograms of the left kidney shows hypoechoic round lesion with smooth margins without perceptible 
wall; B: Tissue harmonic imaging may be useful to show better the posterior acoustic

A B



Figure 8. Fusion-guided microwave ablation. 75 years old patient with exophitic in the right kidney, identified by sonography and contrast-
enhanced ultrasound (A) and confirmed by MR (B), it was a RCC (biopsy proven) treated with microwaves through guided fusion 
technique (C-D). RCC: renal cell carcinoma

A B

C D
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Figure 7. Indeterminate renal lesions at CT study. Contrast CT shows in the left kidney voluminous, partially exophitic, hypodense 
lesion with irregular margins and without enhancement in phases arterial (A) and venous phase (B). Greyscale and contrast-enhanced 
sonography (C-D) shows a lesion with mixed echo structure and after microbubble injection shows multiple vascularized septa (Bosniak 4)

A B

C DC



parameters, such as DWI and dynamic contrast-enhanced imaging, in order to obtain a complete and 
precise lesion characterization[21] [Figure 9].

Hence, using those parameters could be helpful to differentiate benign from malignant SRMs, but also 
have a role in distinguishing the different subtypes of RCC and tumor’s grade[22,23].

IMAGING MODALITIES - FOLLOW-UP
The aim of ablation therapy of SRMs is to obtain a complete necrosis of the lesion with an obligatory 
damage to adjacent healthy renal tissue to achieve a negative tumor margin and decrease the liability 
of residual disease near the ablation zone. The absence of contrast enhancement at the site of treatment, 
indicates success after procedure. The importance of imaging is both to evaluate technique success and to 
follow up the ablated mass.

Historically there has been different debate regarding the definitions of recurrence after ablation for 
SRMs. The literature has a not unique definition of recurrence after treatment for RCC and particularly 
after ablation there are different controversy also in the definition of progression, treatment success, and 
treatment efficacy. As opposed to surgery, the ablation efficacy is based typically on radiological findings[24].

Literature lacks of good quality data about long-term efficacy of percutaneous ablation treatment for 
SRMs. Regarding radiofrequency ablation several studies report short-term outcomes. In a limited 
period of follow up: (1) tumors with a diameter < 4 cm have a low probability of residual disease after a 
single procedure[25,26]; (2) central located tumors have lower rates of residual disease when compared with 

Figure 9. MRI with DWI. Greyscale sonography shows right midportion complex cystic, without vascularization at color-Doppler analysis 
(A, B). MR reveals on T2 weighted images complex cystic lesion (Bosniak III-IV) with multiple thin septa and hypointense intramural 
nodule (C). DWI weighted images show restriction of the intramural nodule: it was a papillary RCC (D). DWI: diffusion weighted imaging; 
RCC: renal cell carcinoma

A B

C D

Cicero et al. Mini-invasive Surg 2019;3:25  I  http://dx.doi.org/10.20517/2574-1225.2018.012                                      Page 7 of 11



exophytic tumors[27]; and (3) tumors with a diameter > 3 cm compared with smaller tumors, have an higher 
rates of residual disease after the first treatment[27]. 

Anyway, follow-up can be performed by CEUS, CT or MRI. CT and MRI are the best options for the 
patient because of their high resolution and chance to detect recurrences. However, as for the diagnostic 
pathway, the cumulative radiation dose could be very high. Another problem is that the CT scan requires 
iodine contrast, which is a well-known nephrotoxic substance.

The current guidelines don’t explain the tyme and duration imaging follow up after ablation treatment. 
The AUA recommends cross-sectional imaging at 3 months and 6 months after ablation, then annually for 
5 years. After ablation treatments, the timing of initial follow up varies according to operator’s preference; 
the range is from day 0 to 1 month post operatively[28-30]. Generally, the majority of residual tumor is 
detected within the first 3 months after ablation, the urge for early short interval follow-up. According 
to Matin et al.[26], the most frequent timing of recidive is within the first 3 months after treatment: this is 
important in order to programme an early follow up.

CEUS is increasingly used during follow-up and particularly on close postoperative time: day 1 to 1 month. 
The main aim is looking complications.
 
The first imaging sign of tumor persistence after ablation treatment, is the persistence of vascularization 
in enhancement to imaging. This signal is the first post operative day not allow to diagnose a failure of 
the procedure. For this reason, it is important to perform a CEUS at 30 days to evaluate a successful or 
uncessful ablation [Figure 10][8].

Figure 10. Follow-up after cryoablation. A: 84 years old patient with 5 cm RCC; B: Postoperative day 1 and enhancement; C: no tumor 
persistence and often a repeated CEUS after 1 month is recommended in lesions that maintain vascularity on postoperative to exclude 
residual tumor; D: MR after 6 months confirms the success of the cryoablation treatment. CEUS: contrast enhancement ultrasonography; 
RCC: renal cell carcinoma

A B

C D
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This is particularly true in cryoablated lesions (15%-20% of cases) that can exhibit post-ablation contrast 
enhancement on initial postoperative imaging and also for the first few months, which resolves in 45% of 
patients in a period from 1 up to 14 months. Most recurrent lesions develop after the first year therefore, 
different authors suggest surveillance protocol based on CT or MRI with short interval for the first year 
(1, 3, 6, and 12 months respectively after treatment), and then every 6 months for the second year and then 
annually thereafter[31].

DISCUSSION
The role of imaging in the diagnosis and decision-making of management of SMRs has been crucial over 
the last years. Firsty, the development of new technology and the acquisition of extremely sophisticated 
machines has allowed a better quality and better precision in the characterization and diagnosis of SRMs. 
Hence, the quality in the diagnosis allowed a better decision-making process, tailored for each patients. 
NSS is performed for SMRs, but as many 30% of the lesions prove benign nature; for this reasons, there 
is increased interest in preoperative study of SMRs subtypes[27]. Secondary the imaging modalities have 
changed the treatment process itself: ablation modalities are performed nowadays often via imaging-
guide mode and in 2017 AUA Guidelines has recommended a percutaneous approach as the best choice if 
possible, in the ablation treatment of SRMs[28]. Percutaneous biopsy results were shown to be discordant 
with surgical pathology from resected specimens in 8% of cases: is a safe procedure, Hemorrhage, if it 
occurs, is usually subclinical and needle tract seeding is exceedingly rare. A renal tumor biopsy before 
ablative therapy and systemic therapy without previous pathology must be considered in select patients 
who are considered for AS, in order to obtaining a histological diagnosis preoperative[32]. Third, the success 
of a treatment of a kidney tumor is not only in the diagnosis and management but also in the follow-up of 
that lesions. For this reason, the real success of ablation therapy is evaluated by routinely imaging follow 
up. The surveillance with CT and/or MRI is crucial and indispensable for determining initial treatment 
success, detecting recurrence disease at the ablation site, or new metachronous lesions. The introduction 
of multidisciplinary team with urologists and radiologists could improve the follow up after ablation 
therapy[33]. As concerning the first diagnosis, frequently pathologic features are observed in RCC like 
hemorrhage, necrosis and cystic change. CT scan correlates these features with the existence of necrotic 
degeneration or intratumoral cystis: the washout and LE pattern of CEUS might relate to the pathologic 
features of RCC such as intratumoral blood flow, thin-walled blood vessels and hemorrhage. CEUS could 
be used for US diagnosis of pseudocapsules like a useful sign both in the differential diagnosis of RCC and 
in the choice of NSS[34]. 

CONCLUSION
The ablation procedure for SRMs is increasing worldwide together with an evolution of imaging 
assessment. Multiple combination of different technology and modalities is offering different opportunity 
for a more precisely diagnosis of SRMs. Furthermore, this real cutting-edge imaging protocols might be 
more effective and crucial in the patient management. However, there is a need of more precisely evidence-
based algorithms for diagnostic and treatment pathway that could be the glue that integrate the imaging 
for diagnosis with the imaging for treatment.
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It is a great honor and pleasure to act as guest editor for this special issue where many of these key 
international opinion leaders have generously contributed to help coalesce the goal for the topic of 
advances in the minimally invasive management of gastric and esophagogastric junction (EGJ) cancer.

Gastrointestinal (GI) cancers are aggressive diseases and ranks the most common diagnosed cancer and 
death causes worldwide[1]. Surgical resection with lymph node dissection (LND) is still the only potentially 
curative therapy. Minimally invasive surgeries including laparoscopy and robot are widely used in the 
treatment of GI cancers.

The operation procedures for gastric cancer base on the location of tumor and include distal, proximal 
or total gastrectomy. Introduction of laparoscopic gastrectomy (LG) has shown promising results and 
therefore gained popularity worldwide. Van den Berg et al.[2] outlined the current state of LG for gastric 
cancer and its future perspective. Laparoscopic LND is preferred for early gastric cancer now[3]. However, 
the safety and oncologic validity for advanced gastric cancer (AGC) are still being debated. Some clinical 
trials have been gradually performed focusing AGC treated by LG recently and reported no inferior short-
term outcomes compared with open surgery[4]. Shimada et al.[5] discussed the clinical indications and 
limitations dealing with LND for AGC, and also the technical tips. LG may be not suitable for all AGC 
patients, but the role for AGC cannot be underestimated. The authors also discussed the value of LND 
combined with neo-adjuvant chemotherapy, conversion surgery and other treatments. It is believed that 
after the long-term outcomes of many ongoing large-scaled phase III trials released in the near future, we 
can get more powerful evidences. As society ages, older gastric cancer patients are increasing. It is indicated 
that age may be an independent predictor of increased morbidity and mortality. Few studies about older 
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gastric cancer patients are reported and even fewer on older patients with AGC. Yuu et al.[6] reported their 
study to show elderly patients with AGC may benefit from laparoscopic distal gastrectomy (LDG).

More and more GI reconstruction can be performed intracorporeally especially in LDG. Ohmura et al.[7] 
reported a new reconstruction method named hemi-hand-sewn (HHS) technique. The HHS technique 
combines linear stapler in posterior wall with hand sewn in anterior wall to create Billroth-I anastomosis. 
They reported the better surgical results with HHS in comparison with extracorporeal total hand-sewn. 
An optimal technique of digestive tract reconstruction after distal gastrectomy has not yet been consensus. 
Zhang and Fukunaga[8] describe the different Billroth-I reconstruction techniques that can be proposed 
after total LDG. As mentioned by the authors, the ideal reconstruction should be not only for doctors 
but also for patients. From the review article, readers can understand that the developing reconstruction 
techniques covering from using hand-sewn anastomosis, circular stapler to linear stapler method, which 
reflect the wisdom of the surgeon and the pursuit the minima invasive to patients.

There has been a recent increase in the use of totally laparoscopic total gastrectomy (TLTG) for gastric 
cancer. TLTG usually needs higher laparoscopic techniques and longer learning process. Mazzola et al.[9] 
reported their results of TLTG. Their results showed TLTG was a feasible and safe option in the treatment 
of gastric cancer.

Robotic surgery for gastric cancer is a relatively new research field. With high-resolution three-dimensional 
and articulated devices, surgeons are able to perform difficult techniques more comfortably and 
meticulously. Makuuchi et al.[10] reviewed the development of surgical robotics, and describe the advantages 
and disadvantages of robot gastrectomy for gastric cancer compared to LG. Although robotic gastrectomy 
has theoretical advantages over LG, evidences are still lacking. Well-designed prospective randomized 
controlled trials are needed and awaited to obtain conclusive results on this issue.

The incidence of EGJ cancer has shown an upward trend over the past several decades both in the West 
and East[11]. The management is challenging and there is no one-size-fit-all strategy[12]. Siewert classification 
is the standard classification for EGJ cancer. Surgery remains the fundamental treatment and a lot of detail 
during surgery are reported recent years. Oo and Ahmed[13] discussed the epidemiology, risk factors and the 
management of EGJ tumors. Readers can get the general of this disease from this review article. Shibao et al.[14] 
introduced minimally invasive approach for EGJ cancer and listed evidences for various surgical strategies. 
The authors discussed different technique according to Siewert type classification and listed advantages and 
disadvantages.

Most studies focus on Siewert type II cancer, since it is considered the true EGJ tumor. The treatment for 
type II cancer is still debated. Li and Zang[15] focused on the surgical strategies for type II EGJ cancer in 
recent year. The Ivor Lewis esophagectomy is the universally accepted technique to resect cancers situated 
in the middle and distal esophagus and EGJ. de Pascale et al.[16] and Parthasarathi et al.[17] introduced their 
experiences and results of totally minimally invasive Ivor Lewis (TMIIL) esophagectomy. Both of their 
results showed better surgical outcomes in TMIL esophagectomy.

All of published articles are well written and meaningful. Articles published in this present special issue 
have highlighted the outline of minimally invasive management of gastric and EGJ cancer. We can study 
al lot from these studies. In the future, still a lot need to be researched and higher evidences are needed to 
support the conclusions. 
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Abstract
One anastomosis gastric bypass (OAGB) is a popular bariatric procedure, but controversies remain regarding biliary 
reflux and the potential risk of cancer. Esophagojejunostomy (EJ) in rats is a validated and reproducible model for the 
development of metaplasia [Barett’s esophagus (BE)] and esophageal adenocarcinoma (EA) with a minimal exposure 
of 12 to 20 weeks. We are analyzing the risks of BE and EA in an OAGB rat model and comparing these with the EJ rat 
model. The purpose of this study is to describe our OAGB and EJ techniques in rats that we used to evaluate biliary reflux 
and share our experience with scientists and the bariatric community. These operations are short and simple procedures 
with acceptable morbidity.

Keywords: Mini-gastric bypass, biliary reflux, cancer

INTRODUCTION
One anastomosis gastric bypass (OAGB), or mini-gastric bypass, is a popular bariatric surgery procedure 
in humans[1-3], but controversies remain regarding the risks of biliary reflux and potential complications as 
metaplasia, dysplasia and cancer[4]. 

No studies on the risks of these for humans are currently available and research, including experimental 
studies, is needed to help answer this important question[4,5]. The risk of developing metaplasia [Barett’s 
esophagus (BE)] or esophageal adenocarcinoma (EA) after omega loop montage mainly exists because of 



Page 2 of 7                                          M’Harzi et al. Mini-invasive Surg 2019;3:27  I  http://dx.doi.org/10.20517/2574-1225.2019.22

studies that analyzed surgical models in rats in which the gastro-duodenal or enteral contents were placed 
in direct contact with the esophageal mucosa [esophagojejunostomy (EJ)][6,7]. EJ in rats is a validated and 
reproducible model for the development of BE and EA with a minimal exposure of 12 to 20 weeks. 

Figure 1. One-anastomosis gastric bypass
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We are analyzing and comparing the risk of metaplasia (BE) and/or EA in OAGB and EJ rat models with 
a follow-up of 30 weeks[8]. The study is currently in progress but we decided to communicate the different 
surgical techniques that we used to share our experience with scientists and the bariatric community.

METHODS
The study complied with European Community guidelines and was approved by the ethics committee 
(Comité d’éthique en expérimentation animale n°18-115). Female and male Wistar rats aged 7 weeks and 
weighing 250 g were used. 

Preoperative care and anesthesia
Rats were fasted overnight before operation. Anesthesia was given by inhalation with isoflurane. Standard 
aseptic procedures were used throughout[9].

Materials
Our equipment included an anesthesia workstation, Prolene 7/0 and Vicryl 3/0 sutures, a self-retaining 
retractor, curve dressing forceps, curved scissors, a micro needle order and needle order, scalpel handle, 
crile and an optical magnification system, an endo GIA 45-mm staple gun with purple cartridge 
(Medtronic) and a TA-DST 30-mm-3.5-mm stapler (Covidien).

Rat position and exposition
The rat was positioned supine, feet spread apart, abdomen shaved. After laparotomy, the lateral banks were 
removed with a self-retaining retractor and a suture was suspended at the xyphoid.

OAGB surgeries 
After retraction of the liver, the stomach was isolated [Figure 1A]. Loose gastric connections to the spleen 
were released along the greater curvature, and the suspensory ligament supporting the upper fundus was 
severed [Figure 1B]. A vicryl suture was passed behind the esophagus. Then, the gastric artery and the 
esophagus were separated[5,10].

The gastric pouch
The forestomach was resected using an endo GIA 45-mm staple gun with purple cartridge (Medtronic; 
Figure 1C-E). The esogastric junction was then dissected and the vascular supply isolated in this region. 
The stapler TA-DST 30 mm-3.5 mm (Covidien) position was delimited between the esophagus and the left 
gastric artery using the wire previously placed positioned in a parallel line with the transection line of the 
forestomach, and the gastric pouch created [Figures 1F and G]. 

Omega limb
The small intestines were run distally from the pylorus for 25 cm. We recommend using a premeasured 
suture for this [Figure 1H]. Curved scissors were used to create a 3-mm jejunostomy on the anti-mesenteric 
margin of bowel. The jejunum was then anastomosed to the gastric pouch 25 cm from the pylorus [Figure 1I].

Hand-sewn gastro-jejunostomy
The loop of bowel was identified was moved gently to the gastric pouch. A 3-to-4-mm gastrostomy was 
made on the gastric pouch [Figure 1I]. The anastomosis was performed manually with 7-0 Prolene running 
sutures. We began with the corner points on both sides of the anastomosis [Figure 1J]. When the anterior 
running suture was complete, we turned the gastrojejunal block and then completed the posterior running 
suture. The suture took serosa on the esophagus and the gastric tube. After replacing the gastrojejunal 
block [Figure 1K], we wrapped the anastomosis in the omentum. One milliliter of saline was then poured 
intraperitoneally.



EJ surgeries 
The liver was retracted and the stomach isolated. Loose gastric connections to the spleen and liver were 
released along the greater curvature, and the suspensory ligament supporting the upper fundus was 
severed. A vicryl wire was passed behind the esophagus.

Section of the esophagus
The wire behind the esophagus was placed at the base of this one. It was tied and pulled down. The 
esophagus was cut with a scalpel, as close to the esogastric junction as possible [Figure 2A and B]. 

Figure 2. Esojejunostomy
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Before it was retracted, two Prolene 7/0 tractors were placed on both side of the esophagus, taking care to 
remove mucosa and serosa (total points). The knot of the stomach was reinforced with a running suture 
completed with Prolene 7.0 [Figure 2C].

Omega limb
The small intestines were run distally from the pylorus for 25 cm. We recommend using a premeasured 
wire (as described in OAGB surgeries, Figure 1H). Curved scissors were used to create a 3-mm jejunostomy 
on the anti-mesenteric margin of the bowel [Figure 2C].

Hand-sewn EJ
The loop of the bowel was identified and moved gently to the esophagus in a precolic position [Figure 2D]. 
Anastomosis was performed manually using 7-0 Prolene running sutures. We started with the corner 
points on both sides of the anastomosis [Figure 2E]. When the anterior running suture was complete, we 
turned the esojejunal block and completed the posterior running suture. There are approximately 5 to 6 
passes for each running suture. The suture took mucosa and serosa on the esophagus and only serosa on 
the jejunum.

After replacing the esojejunal block, we wrapped the anastomosis in the omentum [Figure 2F]. One 
milliliter of saline was poured intraperitoneally. 

RESULTS AND DISCUSSION
Postoperative care and mortality
OAGB and EJ rats were maintained without food for 24 h after surgery. They received subcutaneous 
injections of 10 mL Bionolyte G5 (Baxter) on the first postoperative day (POD). From POD 2 to POD 3, 
they had access to a liquid diet ad libitum. Free access to a normal diet was allowed from POD 4. Pain 
and distress were carefully monitored twice a day with scoring. Rats showing signs of pain or not eating 
were maintained on antalgics and euthanized if there was no improvement after 24 h. In our experience, 
major morbidity in OAGB rat surgeries was due to anastomotic leakage and gastric tube necrosis and 
major morbidity in EJ surgeries was due to anastomotic stenosis. Gastric necrosis was due to an inadequate 
stapling of the left gastric artery at the level of the lesser curvature in our first surgeries. With increased 
experience, we improved the dissection of this artery to decrease these ischemic complications. 

We operated on 40 rats: 16 with EJ surgery, 16 with OAGB, and 8 with sham surgery (laparotomy without 
any digestive suture). Of the 16 EJ rats, acute mortality occurred in four (25%) on mean postoperative day 6. 
This was due to anastomotic stenosis in all cases.

To prevent stenosis, we recommend doing the anastomosis carefully with very tiny passages on the 
esophageal mucosa and the jejunal serous. Second, the running suture must be tightened with low 
pressure. Of the 16 OAGB rats, we had 3 deaths (19%) on mean postoperative day 4. Mortality was due to 
anastomotic leakage in one rat and gastric pouch necrosis followed by peritonitis in two. To prevent these 
ischemic complications, we recommend carefully preserving the left gastric artery during TA stapling. In 
fact, this artery must be well dissected and isolated to avoid its stapling during the confection of the right 
side on the gastric tube.

Risk of cancer after OAGB and the need for experimental studies
Analysis of the prevalence of cancer and BE after EJ surgeries must be performed after sufficient esophageal 
exposure to bile and enteral juices, at least 12 to 20 weeks[6,7]. In our experience of OAGB surgeries, no 
dysplasia, metaplasia or cancer were observed after a 16-week follow-up[5]. The lack of follow-up and control 
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group prompts us to now evaluate OAGB and its consequences using 30-week and 50-week follow-ups[8] 
and compare these results to EJ surgeries (control group).

On the day of sacrifices, histology and molecular analysis on esophageal and gastric mucosae can be 
performed to analyze the prevalence of BE and cancer[5].

Concerning the esophagus, the absence of metaplasia, dysplasia or cancer in the OAGB group compared 
with the EJ group will suggest confer a real protective effect of the long gastric tube used in the OAGB 
model. Conversely, the presence of precancerous or cancerous lesions in the esogastric blocs of OAGB rats 
gives additional arguments to detractors of the technique to decrease its diffusion.

This short communication is a simple contribution for researchers interested in the topic of biliary reflux 
after OAGB because there is an urgent need to answer this specific issue, especially for patients who have 
already undergone surgery.
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I am thrilled to introduce this Minimally Invasive Surgery Journal special issue dedicated to surgery of the 
thymus gland.

The recently published international MGTX trial[1] has confirmed the effectiveness of thymectomy in 
myasthenia gravis and although many unanswered questions still remain in the treatment of these patients, 
the positive results of the trial combined with a variety of available minimally invasive surgical techniques 
today available, could potentially lead to a much wider acceptance and utilization of thymectomy.

This issue is intended to offer an up-to date review of the several available technical surgical options and 
cover details of minimally invasive surgical approaches, presented by champions of those techniques, 
offering valuable lessons and practical tricks for experienced surgeons.

We are aware that the optimal surgical approach is only a part of the whole pathway for these patients, 
in fact only ongoing and future trials leaded by next generation of surgeons potentially will clarify the 
immunologic role of the thymus, the best medical strategy to myasthenic patients and eventually the best 
surgical approach to these patients. Nevertheless surgeons must be fully conscious of current concepts and 
focused on clear definitions that should be shared among our community, in order to effectively integrate 
our treatment in a multidisciplinary approach.



Each article has been written by prominent respected physicians in the fields and this issue has been 
possible only thanks to the efforts of such eminent colleagues: to all of them I would like to express my 
personal words of gratitude.
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Abstract
Aim: Transforaminal percutaneous endoscopic lumbar discectomy (TF-PELD) is usually performed under local 
anesthesia because the patient should be conscious to prevent nerve root injury. However, some patients cannot tolerate 
intraoperative pain and require intravenous analgesia, or must be converted to surgery under general anesthesia (GA). If 
PELD under GA can be performed safely, it is more convenient and comfortable for both the patient and surgeon.  

Methods: A total of 49 cases (mean age, 53 years) were examined. PELD was performed under GA with free-run 
electromyography (f-EMG) monitoring. Clinical outcomes were assessed according to the visual analogue scale score 
(VAS) and the Oswestry disability index (ODI). All patients were monitored with f-EMG. 

Results: VAS decreased from 7.7 to 1.1 and ODI from 62.3% to 20.5%. A true-positive was observed in one of 27 TF-
PELD cases. Care during the procedure is necessary to avoid the risk of severe neurological injury. A false-negative was 
observed in one of 22 interlaminar (IL)-PELD cases. This patient complained of aggravated numbness for 6 months after 
surgery. False-positives were recorded in 2 cases of IL-PELD with a train wave just after removal of the herniated discs. 

Conclusion: F-EMG monitoring during PELD under GA was useful to identify nerve root damage. TF-PELD under GA 
requires f-EMG to ensure safety. On the contrary, IL-PELD does not necessitate f-EMG.

Keywords: Free-run electromyography, general anesthesia, iatrogenic nerve injury, percutaneous endoscopic lumbar 
discectomy
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INTRODUCTION
Transforaminal percutaneous endoscopic lumbar discectomy (TF-PELD) is usually performed on an 
outpatient basis under local anesthesia (LA). The procedure is neurologically safe and avoids injury to the 
exiting nerve root (ENR) since the patient is conscious and able to notify the surgeon of any pain[1-6].  

However, some patients cannot tolerate intraoperative pain and may acquire intravenous analgesia, sedative 
agents, or conversion to epidural or general anesthesia (GA) on another day.

PELD under GA is considered neurologically safe since the patient is unconscious. Recently, the efficacy 
of free-run electromyography (f-EMG) has been reported in neurosurgery and spine surgery[7-12], but not 
for PELD. Therefore, the aim of this study was to evaluate the efficacy of f-EMG monitoring during PELD 
under GA.

METHODS
Anesthesia
Propofol and remifentanil hydrochloride-based GA were administered. A muscle relaxant (rocuronium 
bromide) was only used at the initial stage for intubation, and sugammadex sodium was used for reversal 
of neuromuscular blockade. The stimulation pattern (i.e., train-of-four) was confirmed as more than 90% 
before starting of f-EMG monitoring. 

F-EMG
Continuous f-EMG activity was recorded using a NVM5® monitoring system (NuVasive Inc., San Diego, 
CA, USA) with surface electrode patches placed at 6 positions (i.e., the bilateral vastus mediaris, tibialis 
anterior, and gastrocnemius). Before affixing the patches, the skin was scraped with sandpaper to ensure 
impedance was less than 10 kΩ. The threshold of electrical impact was set at 80 μV. All instances of f-EMG 
activity were immediately reported to the surgeon.  

Neurotonic, burst, and train waves that occurred in response to a surgical maneuver to the affected nerve 
were considered to be abnormal. A small amplitude, low frequency, and isolated discharge were not 
considered pathologic[10]. Any of these instances automatically sounded an alarm to notify the surgeon.

Surgical procedure
TF-PELD
With the patient in the prone position on a radiolucent table, an 8-mm incision was made to the entry 
points of the skin at about 9-11 cm lateral to the midline and then an 18-gauge needle was inserted into 
the annulus fibrosus. Discography with 2 mL of liquid indigo carmine contrast agent (1:1) was performed 
using the same needle. A guide wire and sleeve were inserted for endoscopy with a VERTEBRIS lumbar-
thoracic® instrument (Richard Wolf GmbH, Knittlingen, Germany). A bipolar radio-frequency electrode 
system (Elliquence, Baldwin, NY, USA) was used for hemostasis and a high-speed Primado 2® drill with a 
super slim hand piece 200® (NSK-Nakanishi medical, Tochigi, Japan) was used for foraminoplasty. 

IL-PELD
With the patient in the prone position on a radiolucent table, an 8-mm incision was made to the entry 
points of the skin at about 1 cm lateral to the midline. Once the entry point and the direction of the 
sleeve were confirmed by image intensifier, a 8-mmsleeve was inserted. A VERTEBRIS lumbar-thoracic® 
instrument was used for endoscopy and a bipolar radio-frequency electrode system was also used for 
hemostasis. The ligamentum flavum was resected piece-by-piece using a micro punch. A high-speed 
Primado 2® drill was used for laminotomy and medial facetectomy. Partial laminotomy was necessary in 
almost all cases, particularly at L4-L5, to remove the laminae and ligamentum flavum and confirm the 
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lateral edge of the nerve root. Then, after the sleeve was rotated and thecal sac was retracted, the herniated 
disc was removed.

Statistical analysis
Descriptive analysis of group characteristics was performed using JMP version 11.2 software for Macintosh 
(SAS Institute Inc., Cary, NC, USA). The independent two-sample t-test and Wilcoxon test were used to 
compare the clinical outcomes. A probability value of P < 0.05 was considered to be statistically significant. 

RESULTS
There were 49 patients (43 men, 6 women) with a mean age of 52.9 (range, 17-88) years. The mean follow-
up period was 10 (range, 6-14) months. The affected level was L2-L3 in one patient (TF-PELD), L3-L4 in 
9 (TF-PELD), L4-L5 in 17 [TF-PELD, 14; interlaminar (IL)-PELD, 3], and L5-S1 in 22 (TF-PELD, 3; IL-
PELD, 19) patients. 

The mean operative time was 63 ± 29 (range, 30-143) min and intraoperative blood loss was negligible in 
all cases. The mean hospital stay was 3.2 ± 1.5 (range, 1-5) days. The mean numerical rating scale score for 
the affected leg improved significantly from 7.7 to 1.1 at follow-up, and the mean Oswestry disability index 
had improved from 62.3 to 20.5. Two patients experienced recurrence of the herniated nucleus pulposus.  

In all cases, single waves were observed but were not considered to be clinically significant. A true-
positive was observed in one case during TF-PELD at L4-L5 [Figure 1]. When the sleeve was manipulated 
downward by hand, an alarm sounded. Careful performance of the procedure will prevent ringing of the 
alarm, which indicates a postoperative motor deficit. However, this patient complained of dysesthesia for 
3 weeks postoperatively. The numbness gradually improved with the use of pregabalin and disappeared by 
the final follow-up.

False-positives were observed in 2 patients following IL-PELD at L5-S1. No alarm sound was observed 
when the nerve root was retracted by rotating the sleeve. Train waves appeared with the alarm several 
seconds after the herniated disc material was removed. At that time, no surgical maneuver was performed. 
In these 2 cases, no neurological deficit was observed after surgery. Including these 2 cases, no alarm 
sounded during IL-PELD when the nerve root and dura were retracted.  

A false-negative was observed in one patient following IL-PELD at L5-S1, but no abnormal wave was 
observed. However, this patient complained of severe numbness for 6 months postoperatively.  

Figure 1. Train wave of free-run electromyogram. This wave was observed in TF-PELD at L4-L5 case when the sleeve was manipulated 
hand-down. Same waves were also observed in IL-PELD at L5-S1. TF-PELD: transforaminal percutaneous endoscopic lumbar discectomy; 
IL: interlaminar



The sensitivity of f-EMG for neurological deficits was 50% in all cases, 100% for TF-PELD, and 0% for IL-
PELD. The specificity was 95.8%, 100%, and 90.4%, respectively. 

DISCUSSION
F-EMG’s effectiveness has been reported for cranial nerve tumor resection and spinal surgery[7-11]. Any 
irritation to the nerve, by stretching or compression, causes trains of motor unit potential discharge in 
the corresponding muscle[7]. F-EMG is reported to have high sensitivity and relatively low specificity[8]. 
However, monitoring in real-time would improve specificity when confirming that the related nerve was 
correctly manipulated during surgery[7]. Therefore, application of f-EMG in PELD surgery is considered to 
be efficient.

One of the most important complications in TF-PELD is ENR injury, which reportedly occurs at a relatively 
high rate of 2%-8.9% under LA[3,4,13-16]. A large LA dosage may increase the risk of ENR injury because of 
complete nerve blockage. Furthermore, some patients cannot tolerate surgery because of pain and, thus, 
had to be converted to GA on another day. Therefore, we believe that PELD under LA is not necessarily 
safe or comfortable for the patient. 

In this study, there was one true-positive case with detectable nerve irritation during surgery. This patient 
complained of severe numbness without motor deficit after surgery. Train waves appeared when the sleeve 
was manipulated by hand. Hence, caution is required during surgery to avoid motor deficits. 

Conversely, we carefully monitored f-EMG during IL-PELD while rotating the sleeve when retracting the 
dural sac and nerve root. No alarm sounded when performing IL-PELD. However, 2 false-positives were 
observed during IL-PELD. An alarm sounded after herniated disc material was removed. F-EMG sensitivity 
during IL-PELD was low. Hence, f-EMG may be inappropriate for monitoring the nerve root during IL-
PELD. 

F-EMG monitoring cannot detect damage to sensory nerves, but it can potentially prevent injury to motor 
and sensory fibers. PELD under GA, without the use of a muscle relaxant with f-EMG monitoring, can 
reduce neural injury. 

This study was limited by the small number of patients. Therefore, future studies with larger numbers of 
patients will be necessary to evaluate the efficacy of f-EMG for PELD. 

In conclusion, PELD was performed safely under GA using f-EMG monitoring. Patients who cannot 
tolerate pain are good candidates for PELD under GA.
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Abstract

Minimally-invasive conventional up-to-down laparoscopic approach is a widespread alternative for rectal cancer 
resection. Its potential benefits towards open surgery have been shown to rely, however, at secondary clinical outcomes, 
and its oncological non-inferiority compared with the traditional open approach has not been demonstrated yet. In 
this scenario, robotic-assisted minimally-invasive rectal resection has gained increasing popularity and promising 
expectancies. This narrative review aims to assemble the most updated evidence available and to discuss the future 
perspectives and challenges for this emergent surgical tool. The main benefit over conventional laparoscopy appears 
to be a reduction of conversion rates to open surgery, whereas the oncologic and functional outcomes seem similar 
than the other alternatives. Increased costs are the main limitation of the widespread of robotic technology. Low 
quality of the current evidence is remarkable. 

Keywords: Rectal cancer, total mesorectal excision, robotic surgery, minimally-invasive surgery

INTRODUCTION
In 2018, colorectal cancer (CRC) was the third most commonly diagnosed cancer (10.2%), and the second 
leading cause of cancer death (9.2%). Nearby two million of new CRC cases and more than 800,000 deaths 
were estimated to occur worldwide in 2018[1]. Surgery remains as the mainstay treatment for rectal cancer, 
improvements on the outcomes have been observed since the introduction and widespread of the principles 



of total mesorectal excision (TME)[2]. Preoperative radiotherapy and chemotherapy have a major role in 
the treatment of locally advanced rectal tumors[3]. To perform an accurate mesorectal dissection achieving 
clean margins is mandatory for rectal resections. Obtaining both negative circumferential resection 
margin (CRM-) and a complete mesorectal excision is associated with lower recurrence rates an improved 
long-term survival[4-10].

Laparoscopic rectal surgery was introduced shortly after 1990. The earliest large randomized controlled 
trials (RCT) comparing conventional laparoscopic and open approaches for rectal cancer showed that 
the use of laparoscopy was associated with a lower blood loss, an earlier return of bowel movement, and 
a shorter length of hospital stay[11-14]. Further studies questioned the oncological safety of the approach, 
by means of obtaining a complete mesorectal quality or a composite pathologic outcome associating also 
free circumferential and distal margins[15-17]. Remarkably, the observed impairment should be reflected in 
the long-term oncologic prognosis in order to reach any clinical interest. The question remains still open 
after the publication of the mid-term (2-year) results of the latest trials[18-20]. Conventional laparoscopic 
instruments may not be appropriate for assuring the achievement of the best plane of dissection in all 
patients, especially in those with the narrow or irradiated pelvis[21]. Due to this, TME seems to be one of 
the procedures in which the robotic assistance will have a critical role[22-25]. 

At the time of the present review, the ROLARR study was the largest RCT comparing robotic-assisted 
vs. conventional laparoscopic surgery for patients with rectal cancer[26]. Two recent systematic reviews 
with meta-analyses summarized the outcomes from 7 and 5 RCTs with a similar design[27,28]. Other meta-
analyses have been published including also non-randomized clinical trials[29,30]. No guidelines are now 
available suggesting the true role of robotics in colorectal surgery, high-quality clinical data is similarly 
lacking. In the present review, we dissected the current status of robotic TME, with special emphasis on 
surgical outcomes and near future perspectives.

BACKGROUND
A robot is a device that can be programmed to carry out a task, being controlled by mechanical and 
computing systems[31]. The concept of robotic surgery appeared in the 1970s as a military project of the 
Defense Advanced Research Project Administration endorsed by the National Aeronautics and Space 
Administration aiming to keep the surgeon from the battlefield[32]. In 1985, a robot was introduced into 
an operating theatre, an industrial robotic arm (PUMA 200) was modified to perform a preprogrammed 
intracranial biopsy. Shortly thereafter, the PROBOT® and ROBODOC® systems were developed, 
designed for transurethral prostatic resections and total hip arthroplasties, respectively[33,34]. The earliest 
systems required prior task programming, implying longer procedure duration and poor response to 
unexpected events. At the end of the 20th century, the way of conceiving abdominal surgery changed 
by the introduction of laparoscopy. The first laparoscopic colorectal surgery was performed in 1990 by 
Fowler[35]. In 1994, the automated endoscopic system for optimal positioning was the first real-time surgical 
manipulation system being commercialized. It consisted of an endoscope attached to a voice-controlled 
mechanical arm that modified its position following surgeon’s orders. It allowed greater image stability 
and sometimes dispensed the need for an assistant but provided longer operative time compared with 
conventional laparoscopy[36,37]. 

In 2000, ZEUS® (Computer Motion, Goleta, California, USA), a three-armed robot mounted on the 
operating table; and the da Vinci® robot (Intuitive Surgical, Sunnyvale, California, USA) were developed. 
In 2003 Computer Motion was incorporated into Intuitive Surgical. The da Vinci® system provided a fourth 
arm and an independent console where the surgeon has a three-dimensional view of the field. Specifically 
designed devices with Endowrist® technology allow for 7º of freedom, 180º articulation and 540º rotation[38]. 
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The latest release to date, the Xi version, appeared in 2014. It offers the possibility of adjusting the operating 
table without undocking the system, shortening the procedure length and allowing multi-quadrant single-
docking procedures. Augmented-reality software allows the assessment of intestinal perfusion or real-time 
three-dimensional (3D) anatomical simulation of abdominal structures[39-41]. Senhance® Surgical Robotic 
System and the REVO-I® Robot Platform are the two other systems commercially available nowadays. 
Competitive industry players like Medtronic and Verb surgical (powered by GOOGLE® and Johnson & 
Johnson®) platforms are expected soon[42].

LEARNING CURVE OF ROBOTIC TME 
The learning curve for robotic TME, from the beginning to the higher expertise, should include at least 20-23 
cases, which is faster than for conventional laparoscopy[43,44]. Contrasting results have been reported 
regarding the impact of the previous proficiency on laparoscopy on the duration of the period[45,46]. Most 
of the publications evaluated the expertise with variables as “operative time”, “bleeding” or “conversion” 
which may not be the most critical outcomes[47]. There is a wide agreement on the fact that operative times 
are longer during a learning curve, but a recent study on robotic rectal resection showed no relationship 
between extended operative time and morbidity[48]. The evaluation of the experience in oncologic surgery 
should also focus on the quality of the resected specimen, especially for rectal cancer resection. Only 
a recent meta-analysis showed no significant differences in CRM involvement between learning and 
competent surgeons. The authors did not found significant differences in the other clinic and pathologic 
variables, without evaluating the quality of the TME[49]. 

A learning curve is unavoidable, and robotic surgery requires special training and the development of 
new skills. The companies responsible for robotic systems are compelled by the Food and Drug Agency 
to develop technical training for the surgeons. The European Association of Endoscopic Surgeons (EAES) 
recommended a training officially-certified and based on a formal curriculum for skills and procedures[50]. 
The lack of standardization in robotic rectal surgery was specifically noted, this is critical to assure the 
safety and success of training surgeons in their future practice. Recent resources aim to provide an 
objective assessment of the acquired surgical skills to produce future standards for robotic surgeons on 
basic knowledge and procedural safety[50]. If any superiority favouring robotic TME is proven soon, the 
learning curve should not be an obstacle, but a necessary step for novel surgeons to reach the standards 
of quality. Noteworthy, there is an underlying and not despicable risk if surgeons abandon conventional 
laparoscopic surgery learning in favour of robotics. We may have soon a generation of surgeon incapable of 
performing laparoscopic surgery, with unclear but potentially serious consequences. 

BENEFITS AND LIMITATIONS OF ROBOTIC RECTAL SURGERY
Technical advantages
Current robotic platforms display a 3D image, enhancing the visualization of the anatomical structures 
by improving the surgeon’s depth perception and image quality. Compared to conventional laparoscopy, 
robotic surgery also allows to control a stable camera[47]. The system has recently incorporated the 
EndoWrist® technology, which improves dexterity and eliminates physiological tremor reducing the 
challenge of laparoscopic intra-corporeal suturing[51]. These technical advantages are expected to allow a 
better mesorectal dissection, preserving the integrity of the fascia and decreasing the odds of autonomic 
nerve injury resulting in sexual dysfunction, anterior resection syndrome, or urinary retention[38]. 

The use of robotic platforms is associated with better surgeon’s ergonomics than those provided by 
conventional laparoscopy. Robotic assistance results in lesser activation of the upper-body mussels 
reducing musculoskeletal discomfort[52]. Berguer et al.[53] reported that robotic help makes less stressful 
performing complex tasks. Previous laparoscopic experience has a complex influence on the adaptation to 
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the new approach[53]. Tele-surgery is the latest potential advantage of robotic surgery, allowing real-time 
international collaborations and mentoring[54]. 

Technical disadvantages
The loss of haptic feedback is still the main technical limitation of the available robotic platforms. A multi-
modal pneumatic feedback system offering tactile, kinesthetic, and vibrotactile feedback was incorporated 
in the da Vinci® Surgical System[55]. Other platforms, as Senhance® Surgical Robotic System and the 
REVO-I® Robot Platform, also incorporated haptic feedback assistance[56].

Costs
Increased costs attributed to robotic surgery are the most important current impediment for the 
widespread of this technology. The economic impact is an important point to assess in the setting of 
increasing demands on limited health resources. To accurately measure costs has a particular difficulty at 
economic evaluations. Total costs rely on direct, indirect and intangible costs. Direct costs can be divided 
into fixed costs (to buy and maintain the robotic system), and variable costs (consumable instruments). 
The cost of a robotic platform is $1-$2.3 million[47]. Cost-analysis studies determined that robotic is more 
expensive than open and laparoscopic surgeries[57,58]. Baek et al.[58] in 2012, reported that robotic rectal 
surgery charges were between $7,150-10,700, and $1,240 for laparoscopic surgery[58]. The ROLARR trial 
showed that health-care costs in the robotic-assisted laparoscopic group (£11 853 or $13 668) were higher 
than in the conventional laparoscopic group (£10 874 or $12 556). The higher costs were attributed to longer 
theater occupation and the use of specific instruments. Conversely, Ielpo et al.[59] found that the mean 
overall costs were similar between robotic and laparoscopic approach, excluding the initial purchase of the 
robotic system[59]. 

Few studies have assessed the cost-effectiveness of robotic rectal surgery, it is difficult to assign a 
monetary value to the measured outcomes in this particular scenario[60]. Morelli et al.[61] observed 
that excluding fixed costs and comparing experienced phase of robotic surgery with the laparoscopic 
approach, the variable operative costs were similar[61]. Therefore, robotic expertise has a critical role 
in the operative costs, similar to the procedures standardization, the surgical team’s consistency, and 
the institution’s volume[62]. Robotic surgery could mitigate increased expenditures whether provide 
lesser risk of conversion and shorter hospitalization[29,63]. Indirect costs have not been deeply evaluated 
for robotic rectal resections. Only Bertani et al.[57] found a faster physical recovery after 1 month in 
the robotic group compared with open surgery[57]. The ROLARR did not found differences between 
laparoscopic and robotic surgery in bladder and sexual dysfunction rates[26]. No cost-utility study 
aiming to determine indirect costs has been reported to date. Further research is needed to evaluate the 
quality of life; including sexual, stool, and urinary functions, using utility measures like the disability-
adjusted life-year and the quality-adjusted life-year, to accurately compare the outcomes of the different 
surgical alternatives. For the latest 20 years, da Vinci® System has dominated robotic surgery, the lack of 
adversaries led to rising costs and maybe slowed the evolution of the technology[42]. In the near future, 
with the introduction of new robotic platforms, this situation is expected to change dramatically.

OUTCOMES OF ROBOTIC SURGERY FOR RECTAL CANCER
Intraoperative outcomes
Some authors suggested the potential advantage of robotic TME over conventional laparoscopy 
decreasing the conversion rates to open surgery: Prete et al.[28] [Risk Ratio (RR), 0.58; 95%CI: 0.35-0.97; P = 0.04], 
Jones et al.[29] [Odds Ratio (OR), 0.40; 95%CI: 0.29-0.55; P < 0.00001], Ohtani et al.[64] (OR, 0.30; 95%CI: 0.19-0.46; 
P < 0.00001), and Lee et al.[65] (RR, 0.28; 95%CI: 0.15-0.54; P < 0.0001)[28,29,64,65]. The benefit has been related 
to the use of three-dimensional vision and articulated instruments, facilitating the dissection during TME. 
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The ROLARR study, however, only found benefits in the men subgroup[26]. Although the study found no 
significant differences in the rest of the short-term outcomes being evaluated, trial’s sample estimation, and 
the varying expertise on robotics of the participating surgeons assured the debate after its publication[26]. 
Existing research demonstrated longer operative time for robotics compared with open and laparoscopic 
rectal resections[28,65,66]. Ohtani et al.[64] reported an operative time 44 minutes greater than laparoscopy 
[weighted mean difference (MD), 44.80; 95%CI: 28.44-61.15; P < 0.00001][64]. Lee et al.[67] showed no 
differences in operative time between robotic and transanal-TME[67]. Other studies reported less blood loss 
for robotic TME, compared with the open and laparoscopic approaches[68,69]. Intraoperative complications 
were found similar for robotic surgery when compared with the open and laparoscopic approaches[26,66]. 

Postoperative outcomes
Anastomotic leak rate was not significantly different for robotics compared with open and laparoscopic 
operations[28,69]. Laparoscopic, transanal, and robotic TME also showed similar leak and reoperation 
rates[67,70]. Postoperative ileus, wound infection, and urinary retention were similar between open, 
laparoscopic, transanal procedures in comparison with robotic approach[30,65,69]. Length of hospital stay 
was shorter after robotic surgery compared with open (7.5 days vs. 13.24 days)[66,69], but no difference was 
found when comparing it with conventional laparoscopy[28,70]. Perioperative complications and mortality 
rates appear to be similar for all four approaches[28,30,69]. Mortality is low in elective rectal surgery, with only 2 
cases in each arm among 466 patients (0.9%) in the ROLARR study[26]. 

Pathologic outcomes 
As robotic assistance seems to facilitate mesorectal dissection, particularly in mid and low rectal tumours, 
a reduced rate of positive CRM+ was presupposed to be one of the major benefits conferred by the novel 
technology. However, different studies showed that CRM+ is similar when compared with the other 
techniques. Jayne et al.[26] reported no statistically significant differences in the odds of CRM+ between 
robotic and laparoscopic groups (OR, 0.78; 95%CI: 0.35-1.76; P = 0.56)[26]. Accordingly, a propensity adjusted 
analysis of 7616 patients support both for the resection of locally advanced rectal cancer, with equivalent 
CRM- rates (93% vs. 94%; 95%CI: 0.69-1.06)[71]. 

The completeness of the mesorectal resection became a valuable item to assess the oncologic safety of 
a rectal resection and predicts tumor recurrence in the pelvis[72]. Rausa et al.[30] showed no significant 
differences in complete, near-complete or incomplete mesorectal excision between laparoscopic and robotic 
approaches (complete RR, 0.8; 95%CI: 0.7-1.0; nearly-complete RR, 1.6; 95%CI: 0.9-2.7; incomplete RR, 1.5; 
95%CI: 0.8-2.5)[30]. 

Liao et al.[27] associated the robotic approach with a longer distance to the distal margin in comparison with 
laparoscopy (MD, 0.83 cm, 95%CI: 0.29-1.37; P = 0.003)[27]. When comparing robotic and open surgeries, no 
differences were found (MD, 0.17; 95%CI: -0.14 to 0.48; P = 0.27)[69]. 

Truong et al.[73] analysed a retrospective cohort of patients looking at successful resections, defined as 
a circumferential and distal resection margins < 1 mm and complete mesorectal resection, which were 
similar between the robotic (75%) and open (76%) approaches[73]. There were no differences in the studies 
comparing all four approaches for rectal cancer regarding the number of lymph nodes retrieved[26,27,30,69].

Long-term oncologic outcomes
Local recurrence rates were similar between laparoscopic vs. robotic (RR, 1.4; 95%CI: 0.7-2.4) and transanal-
TME vs. robotic (RR, 1.4; 95%CI: 0.5-3.4) in the meta-analysis performed by Rausa et al.[30]. Moreover, 
Ohtani et al.[64] also reported no differences in terms of local, metastatic, and overall recurrences, 3-year OS 
and 3-year DFS between robotic and laparoscopic approaches[64]. In their recent meta-analysis, Liao et al.[27] 
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described the OS and DFS after a mean follow-up of 29.2 months in the robotic group and 18.7 months in 
the laparoscopic group. The OS was 100% in the robotic group and 94.1% in the laparoscopic group. The 
DFS was 100% in the robotic group and 88.2% in the laparoscopic group. Studies comparing robotic and 
open resections also found non-significant long-term outcomes between them. Five-year DFS was 73.2% 
and 69.5% in the robotic and open groups, respectively. Five-year OS was 85.0% in the robotic and 76.1% in 
the open approach[69]. 

Functional outcomes
Two trials evaluated the urinary function of using the International Prostate Symptom Score (I-PSS) 
comparing robotic and laparoscopy TME. Lee et al.[65] showed improved urinary continence for robotic 
surgery at 3 months, but there was no statistical difference on I-PSS at 6 or 12 months after surgery[65]. 
Erectile dysfunction rates did not differ between robotic and laparoscopic groups (OR, 0.54; 95%CI: 0.19-1.58; 
P = 0.26)[64]. Somashekhar et al.[66] analyzed erectile dysfunction and retrograde ejaculation using the 
European Organization for Research and Treatment of Cancer questionnaire QLQ-C38. A total of 18 % 
of male patients in the robotic group and 26% in the open group had sexual dysfunction[66]. Li et al.[70] 
published a meta-analysis reporting lesser incidence of urinary retention using robotic TME[70]. The 
ROLARR trial evaluated bladder function, male sexual function and female sexual function separately by 
using I-PSS, International Index of Erectile Function and Female Sexual Function Index, respectively. This 
study did not find any differences between laparoscopic and robotic surgery after 6-months follow-up[26].

FUTURE PERSPECTIVES
Fluorescence-guided robotic rectal resection
Near-infrared (NIR) light (650-900 nm) has optimum characteristics for in vivo imaging[74], resulting in 
higher penetration depth and minimum background auto-f luorescence[75]. Indocyanine green (ICG) is 
the only available fluorophore in the NIR window, it is confined into the vascular compartment through 
binding plasmatic proteins presenting low toxicity[76]. The applications of ICG are increasing, especially at 
colorectal cancer surgery. NIR has been used for assessing tissue perfusion and to detect sentinel nodes, 
peritoneal carcinomatosis, or liver metastases[77-80]. Anastomotic leak remains as the main complication 
in colorectal surgery, ischemia of intestinal stumps constitutes a major risk factor[81,82]. To determine 
the viability of the intestinal stumps when performing the anastomosis may decrease the odds of leak 
development. The earliest RCT on the subject just showed a reduction (9% vs. 5%), but non-significant, 
of the anastomotic leak rate in the fluorescence arm after colorectal resection[83]. Only two retrospective 
studies have been conducted using robotic technology[84,85].

The “enhanced permeability and retention” effect is the mechanism involved. It reflects the affinity of ICG 
towards tumoral and near-tumoral tissue due to neovascularization. Few studies are trying to elucidate 
the role of ICG in carcinomatosis, with contrasting results[79,86]. Neoadjuvant therapy with bevacizumab 
decreases the sensitivity of ICG to detect peritoneal metastases of colorectal cancer[87]. Mucinous metastases 
cannot be identified with ICG. A recent RCT comparing the use of white light versus NIR and ICG showed 
increasing sensitivity from 80% to 96%[88]. ICG can be alternatively used to improve surgical safety when 
marking important structures, as the ureters or the hepatic ducts, and even for tattooing colonic neoplasms 
instead of ink[89]. 

Robotic-assisted transanal TME
Over the last few years, the transanal approach gained popularity as seemed to facilitate complex pelvic 
dissections. Several studies reported that Ta-TME achieved similar technical success and perioperative 
outcomes than laparoscopic TME, with a lower conversion rate[90]. Recent studies also showed that serious 
complications secondary to wrong down-to-up dissection planes were not despicable, same for anastomotic 
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leaks[91]. To improve the accuracy of the transanal dissection, robotic technology could also be helpful[92]. 
Two surgical teams (abdominal and perineal) can work together with the new platforms[93]. At present, 
however, further investigations are still needed to assure the long-term functional, and more critically, the 
oncological outcomes of the transanal approach for resecting rectal tumors[94].

CONCLUSION
The use of robotic assistance provides interesting improvements that may overcome some of the technical 
limitations of conventional laparoscopic instruments. Acceptable oncologic outcomes have been similarly 
reported. Increased costs, poor availability, and special training requirements are still important barriers 
to be overcome. Surgeons and health-care providers should notice that no important benefits have been yet 
demonstrated for robotic TME compared with the other available surgical alternatives. The combination 
of emerging technology, technical refinements, and an optimal trainee learning system may allow robotic 
surgery to be a gold standard for rectal cancer in the near future.
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Abstract

Aim: To analyze the series in literature of pure robotic surgery.

Methods: A complete review of the literature was performed to identify papers with data concerning robotic 
synchronous treatment of colorectal liver metastases.

Results: Three papers demonstrate the feasibility of this kind of synchronous treatment.

Conclusion: Robotic synchronous treatment of primary tumor and colorectal liver metastasis is feasible and safe.

Keywords: Robotic liver surgery, minimally invasive liver surgery, liver surgery, hepatectomy, colorectal liver 
metastasis

INTRODUCTION
Colorectal cancer (CRC) remains the third cause of cancer in the United States, and liver is considered the 
most common site of metastasis. Surgical management of patients with primary CRC with liver metastasis 



is still controversial with different opinion on the subject[1]. In patients with resectable disease, surgical 
resection can be considered the only potentially curative treatment even if operative sequence on the 
management of CRC and liver metastasis (CLM) still remain unclear[2]. Considering that 20%-40% of all 
patients with CRC presents at the time of diagnosis, two main strategies are available for patients with 
synchronous metastasis, treating primarily the liver (liver first) or the colon (colon first). In some cases, 
especially in case of oligometastatic lesion of the liver, considering the spread of parenchymal sparing 
surgery[3], it has been demonstrated that synchronous treatment could be considered a safe option, with 
acceptable morbidity and mortality[2]. Initially, the introduction of minimally invasive surgery (MIS) 
has probably limited synchronous metastasis treatment due to the technical difficulties of two different 
kind of resection. Despite this, nowadays, various studies have demonstrated the feasibility of MIS for 
synchronous liver and CRC[4]. With the introduction of robotic surgery, it represent a valid alternative lo 
laparoscopic surgery achieve optimal surgical and oncological outcomes. Considering robotic surgery, The 
well-known advantages of for laparoscopic surgery are preserved (shorter length of stay, reduced blood 
loss and postoperative morbidity) adding the advantages of robotic[5-8] (magnified 3d dimensional vision, 
a very good access allowed for posterosuperior segment’s lesions or in contact with main liver vessels, less 
development of adhesions, tremor suppression, flexibility of the instruments).

The aim of this study is to present a systematic review of the literature to present the results of robotic 
surgery for colorectal liver metastasis in terms of short and long terms results.

METHODS
The present study was designed following the PRISMA guidelines.

A systematic literature search was performed by two authors (Sammarco A, Memeo R) using PubMed, 
EMBASE, Scopus and Cochrane Library Central restricting to papers in English language, finding studies 
and articles published from 1998 to 2018, focusing the study on the synchronized treatment of the liver 
metastasis and the CRC. All studies including patients who underwent robotic liver resection for colorectal 
liver metastasis were considered as eligible for the study, especially studies who considered synchronous 
pure robotic resection of CLM and CRC. 

The following MESH search in heading were used: “robotic”, “robot-assisted”, “minimally invasive”, “liver 
metastasis”, “colorectal cancer”, “stage 4”, “combined resection”, “simultaneous resection”, and “synchronous 
resection”.

All series containing other liver resection for different pathologies were excluded.

RESULTS
We retrospectively reviewed collected data included OT, perioperative blood loss, disease free, overall 
survival. We identified 16 relevant articles, to analyse the role of the MIS in patients with colorectal liver 
metastases (CRLM) and previous or synchronous surgery, focusing our attention on robotic assisted 
surgery (RAS). Just three of this 16 concerned CRLM only.

CRLM and RAS
Actually in literature, due to the reduced number of series describing RAS liver resection, most series 
comprehend different kind of pathology, mostly hepatocellular carcinoma and CRLM. Only 3 series 
described detailed results with only CRLM [Table 1][9-11]: 2 were retrospective and 1 prospective The 
number of patients ranged from 6 to 59. No data were available on number of resected lesions. Only one 
series presented major resection: 1 left hepatectomy, 3 right hepatectomy in a total of 82 resected patients 
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One of the main data available reading this review, is the pauperism of cases of synchronous resection. 
Only few series described resection for colorectal liver metastasis, most of them described as wedge 
resection. In all literature, only 8 case on 85 describe simultaneous resection, demonstrating that the 
synchronous approach still remains limited to few cases, despite the technical advantage of robotic 
surgery. As described in our paper, few synchronous procedure were performed, with two main 
limitations evidenced by the data, evidencing the difficulties to perform synchronous resection with major 
hepatectomies (only one series describe 13.5% of major resection) and to perform colorectal anastomosis, 
due to the higher risk of anastomotic leak in patients who underwent pedicle clamping for control of 
bleeding during liver resection.

In synchronous resection, usually liver resection anticipates colon resection. The management of bleeding 
remains a priority in this kind of resection and prolonged portal vein occlusion should be avoided in 
order to reduce the risk of damage the colonic anastomosis[6,13]: the prolonged vascular clamping leads 
to the transient portal hypertension with edema of the intestinal mucosa, responsible of the colorectal 
anastomotic failure[14], so the use of the intermittent Pringle’s maneuver has to be carefully shrewd.

Another important data evidenced by review is that despite an augmented duration of surgery due to the 
necessity to perform synchronous operation, operative time still remains acceptable and comparable to 
laparoscopic, non-impacting the length of stay.

Conversion rate still remains low, comparable to laparoscopic series[15], confirming how the augmented 
dexterity probably associated to the high selection of patients guarantee a reduced rate of conversion.

Postoperative morbidity and mortality are acceptable, confirming the data reported by minimally invasive 
surgery. In the series of Dwyer et al.[11], an anastomotic leakage is described, and this event strongly impact 
postoperative course due to the necessity of reoperation, questioning the risk of performing the colorectal 
anastomosis during synchronous resection.

Even if more studies are still required to define the oncologic outcome, RAS seems also expendable in 
a one-stage minimally invasive approach for the treatment of the simultaneous resection of primary 
colorectal neoplasm with synchronous liver metastases, showing advantages over conventional surgery in 
terms of postoperative short-term couse[14].

Nowadays, the benefit of the robotic approach on the laparoscopic one is still a matter of debate, because 
of the heterogeneity of patients and the lack of long-term outcomes. This paucity of data makes difficult to 
draw a conclusion but, based on the few data available in this review, synchronous robotic liver and colic 
resection seems feasible in highly selected cases.
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Abstract

Aim: The incidence of adenocarcinoma among lung cancer patients has increased in recent years. We identified 
the factors affecting lymph node status in patients with primary lung adenocarcinoma who underwent minimally-
invasive anatomic resection.

Methods: We retrospectively analyzed the medical records of primary lung adenocarcinoma patients who underwent 
minimally-invasive anatomic lung resections and mediastinal lymph node dissection between January 2012 and 
December 2017. We evaluated lymph node positivity and nodal status in each T and histologic subgroup, tumoral 
prognostic characteristics, minimally-invasive surgical methods and resection type.

Results: Of 473 patients who underwent anatomic resection for lung cancer between January 2012 and December 
2017, 274 underwent minimally-invasive anatomic lung resections for primary lung cancer, 158 adenocarcinoma 
patients were analyzed in this study. Nodal status and number of positive lymph nodes were similar in the stages T1, 
T2, T3. Lymphovascular invasion (n : 78) and micropapillary predominance tended to be significant predisposing 
factors for lymph node metastasis. Mean dissected lymph node number was significantly higher in patients who 
underwent Robot-assisted thoracoscopic surgery compared to Video-assisted thoracoscopic surgery (P < 0.05), 
and in those who underwent lobectomy compared to segmentectomy (P < 0.05).



Conclusion: We were unable to demonstrate a relationship between T stage and N status. Factors contributing to 
unexpected N positivity were tumor characteristics that could not be identified in the preoperative period. We 
recommend performing systematic mediastinal lymph node dissection regardless of the size and histopathologic 
type of adenocarcinoma. In our study, robotic surgery and lobectomy operation showed superiority in dissecting 
more lymph nodes.

Keywords: Adenocarcinoma, robot-assisted thoracoscopic surgery, lymphovascular invasion, micropapillary 
predominance 

INTRODUCTION
Lung cancer is one of the leading causes of death worldwide. Anatomic lung resections with systematic 
lymph node dissection have become the recommended treatment for early stage nonsmall lung cancer 
(NSCLC)[1]. Many investigators and clinicians recommend systematic nodal dissection to all lung cancer 
patients except those with clinical stage I disease[2].

The Guidelines of the European Society for Medical Oncology (2014) recommend that preoperative 
invasive mediastinal staging (fine-needle aspiration with endobronchial ultrasonography/endoscopic 
ultrasonography guidance, or mediastinoscopy) should be used only if positive hilar nodes (stage N1 or 
N2) are suspected or tumor is located centrally on chest computed tomography (CT) or positron emission 
tomography (PET)/CT scan[3]. However, clinically diagnosed cN0 disease preoperatively may sometimes 
be upstaged to N1 (pN1) or N2 (pN2) postoperatively[4]. Debate continues over whether systematic lymph 
node dissection is necessary for all patients with T1 or T2 tumors without signs of metastatic disease 
on preoperative clinical staging studies, such as CT-PET/CT, endobronchial ultrasound (EBUS), and 
endoscopic ultrasonography (EUS)[5,6]. Watanabe et al.[7] advocated that mediastinal nodal dissection would 
be unnecessary in patients with peripheral small lung cancers (≤ 1 cm for adenocarcinomas and 2 cm for 
tumors other than adenocarcinoma). We speculated that adenocarcinoma subtypes are heterogeneous 
groups of lung cancers, and may even consist of mixed subtypes with different metastatic characteristics[8]. 
We also speculated that upstaging may be related to surgical technique and may change in the hands of the 
same surgeons with different surgical techniques.

Many studies have shown that the incidence of nodal upstaging postoperatively is a quality measure of 
surgery[4]. However, we speculated that upstaging may also be related to other characteristics of tumor in 
adenocarcinoma.

In this study, we tried to identify the relationships between tumor size, sub-histology, prognostic factors, 
and postoperative nodal upstaging in patients with clinical stage N0 adenocarcinoma who underwent 
minimally-invasive surgery.

METHODS
Of 274 patients who underwent minimally-invasive anatomic lung resections for primary lung cancer 
between January 2012 and December 2017, 158 (102 male, 56 female; mean age, 62.3 ± 8.4 years; range, 
42-92 years) had clinical stage N0 primary lung adenocarcinoma and underwent minimally-invasive 
anatomic lung resections and systematic mediastinal lymph node dissections robotic assisted surgery 
(RATS; n = 83) and video thoracoscopic surgery (n = 75). We retrospectively analyzed their prospectively 
collected medical records. A total of 17 patients were excluded because of insufficient data. Patients with 
positive mediastinal lymph nodes on mediastinoscopy and EBUS were underwent neoadjuvant treatment 
and excluded from the study. Patients who were diagnosed to have positive mediastinal lymph nodes 
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preoperatively were excluded. Forty-one patients who underwent mediastinoscopy or EBUS preoperatively 
and patients who were reported as negative were included in this study. A total number of 158 patients 
without PET/CT, Mediastinoscopy, EBUS- evident stage N1 or N2 disease and those who underwent 
anatomic lung resections with systemic mediastinal and hilar complete lymph node dissections were 
analyzed. Mediastinal lymph node dissections yielded 1242 (mean, 18.8 ± 10.6) lymph nodes with complete 
dissection of stations 5, 6, 7, 8, 9, 10, 11, 12 on the left, and 1919 lymph nodes (mean 20.9 ± 11.8) with 
complete dissection of stations 2R, 4R, 7, 8, 9, 10, 11 on the right hemithorax. 

Surgical technique
Patients were intubated and single-lung ventilation was placed via fiberoptic bronchoscopy. A lateral 
decubitus position was used. A two-port technique was used for videoassited thoracoscopic surgery (VATS) 
lobectomy. For RATS, three ports were opened, keeping 10 cm between each port and 10-15 cm from the 
target. We preferred to use the VATS-based approach for our RATS technique. When a fourth arm was 
used, it was placed lateral to the posterior arm. The technique we described here was used for Da Vinci 
SI systems (Da Vinci System Intuitive Surgical, Sunnyvale, CA, USA)[9]. The Da Vinci robotic system was 
used in 83 patients, while 75 underwent biportal VATS. Postoperative nodal status and number of positive 
lymph nodes were evaluated in each group and compared with each other.

Segmentectomy was preferred for tumors smaller than 2 cm and negative lymph nodes or for larger 
tumors in patients with poor pulmonary function who could not tolerate lobectomy, especially those who 
do not have visceral pleural invasion in our center. But if the tumor invaded visceral pleura or especially 
hilar lypmh node positivity could change the surgeon’s decision. Also if the remaining tissue after 
segmentectomy seems not have a good ventilation or blood supply, we decided to perform completion 
lobectomy during the operation.

Lymph node dissection
Mediastinal and N1-level lymph node dissections were performed in similar manners on all patients 
regardless of whether they underwent RATS or VATS. Typically dissected mediastinal lymph node 
stations were 2R, 4R, and 7-9 for patients with right-sided tumors, and 5-9 en bloc with perinodal fatty 
tissue for those with left-sided tumors. Segmentectomy became an operation option for peripheral, 
clinical T1N0M0, and 2 cm or smaller in size tumors. N1-level lymph nodes, and stations 10 and 11 for 
lobectomies, and additionally, station 12 were dissected completely and separately during segmentectomies. 
For segmentectomy, stations 11 and 12 nodes were dissected completely and evaluated by frozen section 
analysis[10]. If either of them was positive, we preferred to perform lobectomy instead of segmentectomy.

Lymph node status and number of positive lymph nodes were evaluated for each patient. Rate of positive 
lymph nodes was calculated as the ratio of positive lymph nodes to the number of dissected lymph nodes.

Histopathology
Tumors were classified histologically as well (grade 1), medium (grade 2), and poorly (grade 3) 
differentiated. Histopathologic types of tumors also were analyzed. In 134 patients, the tumor could be 
categorized according to predominance of acinar, solid, lepidic, and micropapillary patterns.

Lymphovascular and visceral pleural invasion of tumors was analyzed according to positive lymph nodes 
and possible effects on N upstaging.

Statistical analysis
Lymph node positivity and nodal status were evaluated in each subgroup, comparing stages T1 vs. T2, T1 
vs. T3, and T2 vs. T3. T stage subgroups, such as T1a, Tb, T1c, T2a, T2b, and T3, also were compared using 
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the Mann-Whitney U and analysis of variance (ANOVA) tests. Regression of histopathologic subtypes 
and lymph node positivity, and nodal status were analyzed with ANOVA. Resection types (lobectomy, 
segmentectomy) and operative technique (VATS, RATS) also were analyzed with the Mann-Whitney U 
test.

RESULTS
There were 158 patients in the study group with a mean age of 62.36 ± 8.4 (range 42-92). There were 102 
male and 56 female patients. Characteristics of the patients, tumors and operations are noted in Table 1.

Operative techniques
Of the patients, 83 underwent RATS and 75 underwent VATS. Mean number of dissected lymph nodes 
was 23.3 ± 11.3 (range, 1-57) in the RATS group and 16.3 ± 10.2 (range, 2-49) in the VATS group. Robotic 
surgery showed higher numbers of lymph node dissections (P < 0.05). Mean number of positive lymph 
nodes was 1.2 ± 2.6 (range, 0-11) in RATS group and 0.3 ± 0.8 (range, 0-4) in the VATS group (P = 0.06). 
In final pathology 14 patients were staged as N2, 7 patients were N1, and 62 were N0 in RATS group; 7 
patients were N2, 4 patients were N1 and 64 were N0 in the VATS group (P = 0.13; Table 2).

The mean number of dissected lymph nodes was 22.5 ± 11.05 in patients who underwent lobectomy, 
which was significantly higher than that in patients who underwent segmentectomy (14.5 ± 10.5; P < 0.05). 
However, the numbers of positive lymph nodes were comparable between the groups (0.75 ± 1.9 vs. 0.6 ± 1.9, 
respectively; P = 0.36).

Tumor size
According to the 8th Tumor, Nodes, and Metastases (TNM) classification, 108 patients had pathologic 
stage T1 (11 T1a, 69 T1b, 28 T1c), 34 stage T2 (23 T2a, 11 T2b), and 16 stage T3 tumors. A total of 26 patients 

Patients’ characteristics n  = 158 (%)
Gender
Male 102 (64.5%)
Female 56 (35.5%)
Side
Left 66 (41.7%)
Right 92 (58.3%)
Type of operation
Segmentectomy 32 (20.25%)
Segment 6 3

Segment 3 1
Segment 1 1
Segment 1-2 (left) 5
Common basal segmentectomy (7.8.9.10.) 2
Lingulectomy 1
Lingula sparing LUL 11
Segment 2 (right) 8
Lobectomy 126 (79.7%)
LUL 27
LLL 21
RUL 53
RML 8
RLL 16
Bilobectomy 1

Table 1. Characteristics of patients, tumors and operations

LUL: left upper lobectomy; LLL: left lower lobectomy; RUL: right upper lobectomy; RML: right 
middle lobectomy; RLL: right lower lobectomy
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had multifocal tumors. Mean tumor size was 2.8 ± 1.9 cm (range, 0.6-11; 2.9 ± 2 in the RATS and 2.6 ± 1.8 
in the VATS groups; P = 0.4).

Lymph nodes
The most commonly dissected lymph nodes were those at stations 5-7, 10, and 11 for left-sided tumors, and 
at stations 2R, 4R, and 7-11 for right-sided tumors. Mean number of dissected lymph nodes was 20.0 ± 11.3 
(range, 1-57).

Among all patients, the nodal status was N2 in 21 (13.3%), N1 in 11 (7%), and N0 in 126 (79.%). Total 
upstaging rate in all groups was 20.3%.

Nodal status and number of positive lymph nodes were evaluated with the Mann-Whitney U test for stages 
T1 vs. T2 (P = 0.79, P = 0.77), T1 vs. T3 (P = 0.32, P = 0.36), and T2 vs. T3 (P = 0.29, P = 0.39) disease. All 
differences were statistically insignificant. Nodal status and number of positive lymph nodes also were not 
statistically significant when comparing the three stage (T1, T2, T3) groups via ANOVA [Table 3].

Subgroups of T status (T1a, T1b, T1c, T2a, T2b, and T3) were compared and they had similar numbers of 
positive lymph nodes, positive lymph node ratios, and similar nodal status [Table 3].

Histopathology
Lymphovascular and visceral pleural invasions are the most commonly investigated histopathologic 
parameters. A total of 77 patients had lymphovascular and 34 had visceral pleural invasion. When 
analyzed, the effect of visceral pleural invasion on lymph node positivity was not significant (P = 0.29). 
However, lymphovascular invasion tended to be significantly related to lymph node positivity (P = 0.08).

Histologic tumor grade was classified according to differentiation: 16 patients had grade 1, 86 grade 2, and 
41 grade 3 disease. There was no correlation between differentiation grade and lymph node positivity (P = 
0.86) and N status (P = 0.79).

RATS 83 VATS 75 P  value
N of dissected LN/patients 23.3 ± 11.3 16.3 ± 10.2 P  < 0.05
N of positive LN/patients 1.2 ± 2.6 0.3 ± 0.8 P  = 0.06
N status
   N2 14 (17%) 7 (9.3%)
   N1 7 (8.4%) 4 (5.3%) P  = 0.13
   N0 62 (74.7%) 64 (85.3%)

Table 2. Type of minimal invasive surgery and effects of surgical technique on lymph nodes

Table 3. Effects of T factor on nodal status and positivity of lymph nodes

N: number; LN: lymph node; RATS: robot assisted thoracoscopic surgery; VATS: videoassited thoracoscopic surgery; N status: nodal 
status (P  value was derived from ANOVA test)

P  value was derived from ANOVA test

T1 T2 T3
P  value

T1a T1b T1c T2a T2b T3
Number of patients 11 69 28 23 11 16
   N0 8%-72.7% 56%-81.2% 22%-78.6% 18%-78.26% 10%-90.1% 12%-75%

P  > 0.05   N1 1%-9% 5%-7.3% 1%-3.6% 3%-13% 1%-9% 0
   N2 2%-18% 8%-13.3% 5%-17.8% 2%-8.6% 0 4%-25%
Number of positive lymph nodes 6 46 23 20 1 21 P  > 0.05
Rate of positive lymph nodes 0.03 0.045 0.034 0.03 0.033 0.042 P  > 0.05
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Histopathologic tumor types and their effect on lymph node positivity also were analyzed retrospectively. 
Of the patients, 134 could be categorized according to predominance of acinar, solid, lepidic, and 
micropapillary patterns. Micropapillary histologic subtype was associated with lymph node positivity. 
Other subtypes did not show significance (P = 0.65, P = 0.22, P = 0.78, P = 0.005, respectively).

DISCUSSION
Lymphatic dissemination is the major route of systematic metastasis, and it is the major determinant of 
long-term patient outcome. When a patient with clinical stage N0 disease has been demonstrated to have 
N1 or N2 positivity, not only prognosis, but also treatment modalities change. Larger consolidation size, 
central tumor location, and clinical N1-N2 stage have been defined as predictors of mediastinal lymph 
node metastasis[11]. A recent study demonstrated a significant increase in nodal upstaging to be related with 
the duration between radionuclear evaluation and surgery[12].

A current study shows that < 2 cm tumors may show occult nodal metastasis, so that dissection of lymph 
nodes during sublobar resection increases survival for patients underwent sublobar resection[13]. The same 
study claimed that nonanatomic resections without hilar lymphadenectomy may miss this upstaging. 
Preoperative radiographic tumor size, tumors not in the upper lobe, high carcinoembryonic antigen levels, 
and micropapillary predominant adenocarcinomas were identified as predictors for unexpected N1 or 
N2 node positivity in adenocarcinoma patients[14]. When two major types (squamous cell carcinoma and 
adenocarcinoma) were compared, lymph node metastasis occurred more frequently in adenocarcinomas 
than in squamous cell carcinomas and it was reported to be uncommon for mediastinal lymph node 
metastasis in tumors with a diameter < 3 cm. Poor differentiation grade may have an important role in 
lymph node metastasis[15]. Despite these findings, several investigators claim that mediastinal lymph node 
dissection may be unnecessary for adenocarcinomas ≥ 1 cm[7]. In our study, patients with clinicaly N0 
disease, had postoperatively N stages (N1, N2) as high as 7.4% and 12.3% of cases, respectively, among 
all those with stages T1a and Tab cancer. Stage T1c group demonstrated similar upstaging (3.5% patient 
was N1 disease and 17.8% patient was N2 disease postoperatively). Our results contradicted the literature 
findings and recommendations. We recommended mediastinal and hilar systematic lymph node dissection 
to be performed for all stages, including stage 1A.

In another trial on adenocarcinomas ≤ 30 mm, solid pattern, maximum standardized uptake value, and 
lymphovascular invasion were independent predictors for lymph node metastasis[16].

Adenocarcinoma is a heterogeneous type of lung carcinoma and mostly consists of mixed subtypes. 
According to one study on solitary peripheral subsolid nodules; speculation, lesion size, vascular 
convergence and solid proportion are predictive parameters of invasive adenocarcinoma[17]. In another 
study that used nomogram for predicting risk of invasive pulmonary adenocarcinoma for pure ground-
glass opacity nodules; lesion size, speculation, lobulation, air bronchogram, vascular convergence, pleural 
tag were risk factors for being invasive pulmonary adenocarcinoma[18]. 

Adenocarcinoma in situ and minimally-invasive adenocarcinoma, in which a lepidic pattern is a major 
component, may show very good prognosis without mediastinal and hilar lymph node metastasis[19]. 
Lepidic predominant, minimally-invasive adenocarcinoma, and adenocarcinoma in situ also are specified 
as safe tumors for lymph node invasion[20,21]. Since a lepidic pattern is known to be noninvasive and often 
appears as a ground glass opacity (GGO) on radiologic evaluation, and a patient with a GGO nodule on 
tomography is likely to be diagnosed with adenocarcinoma in situ or minimally-invasive adenocarcinoma 
pathologically, systematic lymph node dissection might not be considered[19]. Lepidic predominance has 
been shown to be the safest subtype in regard to mediastinal and hilar lymph nodes in our study (P = 0.78), 
similar to findings in the literature.
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Moon et al.[19] claimed that mediastinal lymph node dissection may not be necessary for clinical stage N0 
NSCLC presenting with a ≤ 3 cm GGO-predominant nodule. Segmentectomy can be a preferred technique 
if there is almost no lymph node metastasis at stations 12 and 11. In patients with adenocarcinoma and 
a micropapillary or solid component, lobectomy should be considered because of possible interlobar and 
intralobar lymph node metastasis[22], which may not be identified before and during surgery. A histologic 
component may be an important factor in patients with nodal upstaging of clinically N0 tumors[4]. It 
has been shown that micropapillary and solid tumor patterns significantly increase the risk of nodal 
upstaging[23,24]. Our study demonstrated that the micropapillary pattern is related to a higher rate of lymph 
node positivity. However, we were not able to identify solid predominance as a risk factor for lymph node 
positivity.

Spread through air spaces (STAS) was defined as spread of lung cancer tumor cells into air spaces in 
the lung parenchyma adjacent to the main tumor. Three morphologic patterns of STAS were identified: 
(1) micropapillary structures, consisting of papillary structures without central fibrovascular cores that 
occasionally form ring-like structures within air spaces; (2) solid nests or tumor islands, consisting of solid 
collections of tumor cells filling air spaces; and (3) single cells consisting of scattered discohesive single 
cells[25]. Lymphovascular invasion and high-grade morphologic pattern were identified more frequently in 
STAS-positive than STAS-negative tumors. Besides this, the risk of locoregional or distant recurrence was 
significantly higher in patients with STAS-positive than STAS-negative tumors who underwent limited 
resection. However, this association was not noted in the lobectomy group[26].

Another remarkable finding of this study was the number of dissected lymph nodes. The number of 
positive and total number of dissected lymph nodes were higher in the RATS compared to the VATS 
groups (P = 0.06, P < 0.05, respectively). These results were compatible with those of previous studies from 
our department[27]. We believed that RATS increases the capability of mediastinal dissection. On the other 
hand, our group has been performing VATS lobectomy consistently for more than a decade; we do not see 
this finding in VATS.

Limitation of our study are as follows: this study is performed in a single center with relatively small size 
population. We could not analyze the patients with preoperatively diagnosed N2 disease. Relatively a small 
number of patients underwent mediastinoscopy and/or or EBUS preoperatively in our series. 

The number of positive lymph nodes and lymph node status were comparable between the T groups and 
subgroups in adenocarcinomas. These results may be related with heterogenous types and subgroups of 
adenocarcinoma. We demonstrated that lymphovascular invasion and micropapillary predominance 
could be considered candidates for nodal upstaging. Since these features of tumors cannot be identified 
preoperatively in most patients, we recommended performing systematic hilar and mediastinal lymph 
node dissection for an adenocarcinoma of any size considering minimally-invasive surgery; we preferred 
the robotic-assisted approach.
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Abstract
Transanal total mesorectal excision (TaTME) is widely performed for the resection of rectal cancer around the world. 
However, due to lower body mass index and a lack of necessity, TaTMEs have not been accepted in East Asia as generally 
as in Western countries. In East Asia, conventional laparoscopic surgeries have been performed with lower rates of open 
conversions and robotic surgery has been considered as an acceptable option for patients with narrow pelvis. This review 
article discusses TaTMEs from an East Asian perspective. 

Keywords: Transanal total mesorectal excision, East Asia, robotic surgery, laparoscopic surgery, difficult pelvis

INTRODUCTION
The evaluation and management of rectal cancer has evolved remarkably over the last few decades since 
Heald et al.[1] proposed and reported on total mesorectal excisions for rectal cancer in the reduction of 
local recurrences. Total mesorectal excision (TME) became the gold standard for curative resection from 
the standpoint of control and survival. In addition to increased anatomical knowledge, surgical instruments 
have also improved. In the early 1990s, laparoscopic surgery was introduced and gradually used in colon 
and rectal cancer treatments. Since several multicenter randomized trials reported potential short-term 
benefits with oncological outcomes comparable to open surgeries, laparoscopic TMEs were adopted for 
rectal cancer[2,3]. However, several prospective trials failed to prove the non-inferiority of laparoscopy, citing 
several reasons[4,5]. Most of the reasons were attributed to the difficulty in ensuring a sufficient surgical 
field in a narrow space. The three most common reasons for open conversions in the Colorectal Cancer 
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Laparoscopic or Open Resection (COLOR) II trial were a narrow pelvis (22%), obesity (10%), and tumor 
fixation (9%)[6]. 

To overcome the technical difficulties associated with laparoscopic TMEs, which resulted in poor 
visualization of the mesorectal planes and difficulty introducing instruments, the concept of a “bottom-
up” alternative technique (from the distal to the proximal mesorectal plane), was proposed with the first 
transanal TME (TaTME) procedure performed in patients with rectal cancer in 2010 by Sylla et al.[7]. 
Before TaTME was introduced, new minimally invasive devices and innovations using the Natural Orifice 
Transluminal Endoscopic Surgery technique and the Transanal Endoscopic Microsurgery method were 
initiated, which made the concept possible[8]. The transabdominal transanal proctosigmoidectomy (TATA), 
which is similar to TaTMEs and was developed by Marks[9] in 1984, introduced the bottom-up technique, 
in contrast to the traditional top-down technique typically used in abdominal procedures.

In this review article, we focus on current and future East Asian perspectives. Since severely obese rectal 
cancer patients are still rare in East Asian countries, there is less need for TaTMEs compared to Western 
countries. The low rate of high body mass index (BMI) may be one of the reasons for the low conversion 
rate of laparoscopic surgery for rectal cancer and even for mid and low rectal cancers after neoadjuvant 
chemoradiotherapy compared to the high conversion rates in the COLOR II (16%) and the American 
College of Surgeons Oncology Group (ACOSOG) Z6051 (11.3%) trials.

ROBOTIC TME: EFFORTS TO OVERCOME THE DIFFICULTIES OF LAPAROSCOPIC TMES
Technical limitations exist with the laparoscopic approach, especially during the distal transection of the 
rectum due to limited visibility and working restrictions associated with the confined space of a narrow 
pelvis[10]. Recently, robotic surgery has been proposed as a solution to this problem. Although there is no 
concrete evidence that robotic surgery has an advantage in difficult cases, robotic-assisted surgery was 
introduced to address the limitations of laparoscopy, and gained acceptance due to improved visualization, 
lower conversion rates, better TME quality with lower positive circumferential resection margin (CRM) 
rates, and earlier recovery of genitourinary functions[11-13]. 

According to our experience at Severance Yonsei University Hospital in South Korea, the robotic group 
showed a lower conversion rate (0% vs. 7.1%, P = 0.003) when patients with upper rectal tumors were 
enrolled[14]. In addition, when we compared patients who only underwent robotic surgery vs. laparoscopic 
surgery with coloanal anastomosis, with or without intersphincteric resections, including patients with 
mean tumor heights of 5.5 cm and 4.4 cm from the anal verge, the conversion rates were 2.1% vs. 16.2%, 
P = 0.020, respectively[15]. The robotic groups showed better results in terms of open conversion rates. 
In addition, when we compared patients who had robotic TMEs according to pelvimetry, there were no 
differencess among easy, moderate, and difficult groups in terms of operative times, which were used as 
surrogate markers for TME difficulty[16]. 

In the Robotic vs. Laparoscopic Resection for Rectal Cancer (ROLARR) trial[17], the overall conversion 
rates were 12.2% and 8.1% for laparoscopic and robotic TME surgeries, respectively. However, 27.8% of 
obese patients undergoing laparoscopic TMEs and 18.9% in the robotic TME group required conversions. 
Although the robotic TME group showed better results than the laparoscopic TME group, the conversion 
rates were still high. In addition to high BMI, lower rectal cancers and the male gender were associated 
with increased conversion rates. Moreover, accurate identification of the distal margin and the application 
of the endoscope at right angles to the rectum can be challenging in a narrow pelvis.
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TATME: EFFORTS TO OVERCOME THE DIFFICULTY OF LAPAROSCOPIC TMES
Risk factors in the ROLARR trial could be diminished using TaTMEs as constraints and challenges 
posed by anatomical features are minimized when approached from below. TaTMEs also showed lower 
conversion rates. Penna et al.[18] reported conversion rates from laparoscopic to open or transanal as 6.3% 
within the TaTME registry. Veltcamp Helbac et al.[19] reported a conversion rate of 5% for 80 TaTME cases. 
Moreover, Lacy et al.[20] reported no conversions in 140 cases. TaTME procedures overcome difficulties 
frequently encountered in trans-abdominal rectal transections and anastomosis-stapling techniques such 
as narrow pelvic anatomy, oblique stapling angles, rectal-tearing secondary to vigorous manipulation, and 
multiple staple firings.

Robotic surgery and transanal surgery have been developed to overcome some of the limitations of 
conventional laparoscopic surgery for rectal cancer. However, there are only a few studies comparing 
robotic and TaTME[21-23]. Those studies showed comparable results for robotic TME and TaTME. Among 
the studies, Lee et al.[21] compared, out of a total of 730 patients (277 TaTME and 453 robotic TME 
patients), matched groups of 226 TaTME and 370 robotic TME patients. The mean tumor height from the 
anal verge was 5.6 cm, and 70% received preoperative radiotherapy. There were no differences in TME 
specimen quality and CRM.

However, the evidence on TaTME is still lacking in many aspects with many still unanswered questions. 
Retrospective studies and meta-analysis showed that TaTME seems to achieve comparable technical success 
with acceptable oncologic and perioperative outcomes in comparison with laparoscopic TME[24]. However, 
there is no multicenter randomized controlled trial at present. The COLOR III trial, which compares 
TaTME and laparoscopic TME, is currently in the recruitment phase. 

PREVIOUS EAST ASIAN STUDIES ON TATME
There have been a few reports describing the use of TaTMEs in Asian patients. One study from Taiwan[25] 
compared 50 patients with middle or lower rectal cancer and post-neoadjuvant chemoradiotherapy (nCRT) 
who underwent TaTMEs using 100 matched control cohorts who received conventional laparoscopic rectal 
surgeries. Seventy-six percent of the patients were male with a mean BMI of 24.2 kg/m2 and had low (< 7 cm) 
tumor heights. There was only one conversion. Another prospective, single-arm phase II trial from Korea[26] 
enrolled 49 patients (65.3% male, a mean BMI of 23.3 kg/m2, and a mean tumor height of 6.3 cm) with their 
rectal cancers located 3-12 cm from the anal verge and no conversions to open surgery. A study from Hong 
Kong[27] compared a TaTME group (n = 40) to a robotic group (n = 80) using propensity score matching. In 
the TaTME group, 72.5% of the patients were male and the median tumor height was 5.0 cm. There was a 
5% conversion rate. All three of these studies concluded that TaTMEs were safe and feasible with acceptable 
results based on the perioperative and pathologic outcomes. Although conversion rates were higher than 
in the Comparison of Open vs. Laparoscopic Surgery for mid or low Rectal Cancer after Neoadjuvant 
Chemoradiotherapy (COREAN) trial, they are quite low compared to previous laparoscopic TME results. 

Recently, studies by Chinese surgeons using TaTMEs have begun. After a preliminary study[28] with 20 
patients that confirmed the safety and feasibility of the procedure, they began randomized controlled trial 
(RCT) enrollment in June 2019 to compare laparoscopic TMEs with TaTMEs (NCT03413930). They will 
only include patients with middle or lower rectal cancers similar to the East Asian studies. 

ARE TATMES NECESSARY FOR EAST ASIA?
Presently, TaTMEs in East Asia are not as popular as in Western countries since few patients have BMIs 
above 30 kg/m2. In females, even for those with lower rectal cancer, conventional laparoscopic TMEs can 
be accomplished without conversions. Additionally, robotic systems are used more frequently only in high 



volume centers. Another issue is the cost which patients should pay, especially in Korea where a two-team 
approach is not feasible due to the insurance system.

TATMES ARE NEEDED FOR EAST ASIA!
Even in East Asian patients, conventional laparoscopic TMEs are difficult for those with narrow pelvis. 
Several studies in Asia have found that a deep, narrow pelvis was an independent factor for intraoperative 
and postoperative outcomes[29-32]. Most studies using preoperative computed tomography and magnetic 
resonance pelvimetry have shown that the bones of the pelvis - the depth and length of sacrum, the pelvic 
inlet, and the pelvic outlet - are independent predictors for the operative times, which have been used 
as surrogate markers for determining TME difficulty[29,30,32]. Limited pelvic space impacts the quality of 
resected TME specimens[30,33]. Identifying the East Asian patients having normal BMIs with narrow pelvis 
before surgery has been beneficial for deciding if TaTMEs should be used. Often, we perform a transanal 
approach after transabdominal TMEs to ease resection and easily obtain quality resected TME specimens. 

A study which utilized TaTMEs in challenging patients included a total of 12 patients (9 males and 3 
females): 1 obese patient, 7 with large tumors, and 8 with threatened mesorectal fascias (four patients had 
multiple indications)[34]. The median tumor height was 5.5 cm from the anal verge, and all patients received 
preoperative chemoradiotherapy. There were no intraoperative complications. Only 1 patient required 
conversion to open surgery for ureterocystostomy after resection. Larger TaTME studies involving Asian 
patients are necessary to promote TaTMEs.

A CONCRETE INDICATION IS NECESSARY
Since TaTME has only just recently been introduced, the criteria of surgical candidates best suited for 
TaTME treatments are still evolving[35]. A recent consensus statement was published which listed the 
following indications for TaTME: (1) male gender; (2) narrow and/or deep pelvis; (3) visceral obesity 
and/or a BMI > 30 kg/m2; (4) prostatic hypertrophy; (5) tumor height < 12 cm from the anal verge; (6) 
tumor diameter > 4 cm; (7) distortion of tissue planes secondary to neoadjuvant radiotherapy; and (8) an 
impalpable, lower primary tumor requiring accurate placement of the distal resection margin[36]. However, 
we believe that TaTMEs should be used in challenging cases to replace the transabdominal approach. In 
East Asia, challenging cases imply that patients are males with deep and narrow pelvis after preoperative 
chemotherapy. While TaTME was developed to assist in challenging middle to lower rectal cancer cases, 
its essential purpose should be initially adopted. In East Asia, a more concrete indication distinct from 
laparoscopic and robotic TMEs is required for transition to TaTMEs.

Moreover, the application of TaTMEs was recently extended to include benign tumor excisions, endopelvic 
surgeries, and pelvic exenterative surgeries[37]. In situations where robotic systems are used in high-volume 
centers, robotic TaTMEs can be a useful new technique as various robotic systems are developed.

PROBLEMS IN ADOPTING TATME IN EAST ASIA
The other issues for TaTME are the learning curve and training. The transition from laparoscopic TME 
to robotic TME is straightforward as the approach is the same. However, the technical complexity and 
unusual anatomy have led to the occurrence of rare complications such as urethral injury[38]. In terms of 
oncological outcome, Larsen et al.[39] reported 9.5% local recurrence, which led to a nationwide in norway 
halt of TaTME and thorough investigation. They suggested that the increase of local recurrences after 
TaTMEs might, to some extent, be due to the learning curve, which is inevitable in the introduction of a 
complex procedure. In addition, only a few centers in East Asia have accumulated much experience and 
have good results on TaTME. To adopt TaTME safely, a training strategy such as the detailed framework for 
a structured TaTME training curriculum proposed by the International TaTME Educational Collaborative 
Group is necessary[40]. 
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CONCLUSION
TaTMEs are potential alternatives for East Asian male patients with rectal cancer who have deep and 
narrow pelvis. Many RCT and prospective studies (especially the RCT in China) are underway that could 
provide concrete indications for the usefulness and necessity of TaTMEs[41] in East Asia. To further promote 
TaTMEs in East Asia, further research with East Asian populations and training strategy are necessary. 
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Transanal total mesorectal excision (TaTME)[1] is now considered as a new standard of care in the surgical 
management of low and mid rectal cancer for many surgeons. The main argument is a supposed better 
visualization of the difficult anatomical area represented by the low third rectum (considered as “a rectal 
no man’s land”), thus allowing better nerve preservation, better resection margins, and better functional 
outcomes than standard laparoscopic TME[2,3]. This transanal approach is particularly interesting in 
obese patients with narrow pelvis and/or bulky tumor. However, all the encouraging results are only 
based on retrospective and comparative studies. Two randomized trials comparing TaTME and standard 
laparoscopic TME from above are currently ongoing (GRECCAR 11 and COLOR III)[4,5], but their results 
are not yet available. In addition, the surgical community highlights some concerns about the safety of this 
procedure, especially regarding the occurrence of postoperative morbidity and some altered oncological 
and functional long-term outcomes. 

An alarming report of the Norwegian Colorectal Cancer Group about oncologic results after TaTME has 
recently been published. This report was presented in January 2019 at the 9th Ahus Colorectal Symposium, 
University of Oslo in Norway and highlighted a higher rate of local recurrence after TaTME in the 
Norwegian national survey. Larsen et al.[6] published the Norwegian moratorium, which was decided after 
110 TaTME procedures. The reason was that, after only 11 months, a local recurrence was observed in 
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9.5% of patients who underwent TaTME when compared with 3.4% of patients undergoing laparoscopic 
TME. Besides this increased rate, a new pattern of local recurrence in terms of its multifocality as well as 
its early timing after TaTME has been observed. Regarding these alarming data, the Norwegian surgical 
community decided to cease performing TaTME for low and middle rectal cancer[6]. Today, long-term 
results from the international registry of TaTME as well as those from the Dutch survey are not available. 
We can imagine that, according to the further results of these two registries, the opinion of the colorectal 
surgeon community will definitely be modified. In such an alarming situation, it will probably mean that 
TaTME should not be proceeded in non-expert centers. 

However, possible problems of TaTME concern not only oncologic results, even if they are the most 
important. Some intraoperative adverse events have also been reported during the transanal phase, such 
as wrong dissection plane, organs injury (vagina, urethra, bladder, and rectum), and carbon dioxide 
embolism. In the international registry of TaTME including 1594 procedures[7], 31% of the patients 
presented with intraoperative adverse events during the transanal phase mainly represented by technical 
problems (18%), wrong dissection plane (6%), pelvic hemorrhage (4%), and organs (urethral, rectal, 
vaginal, or bladder) injuries (2%). As a new surgical procedure, the learning curve of TaTME is real, and its 
implementation seems to be possible only in high volume centers. In our experience of the 34 first TaTME 
cases, intraoperative complications occurred in 21% of patients (4 rectal, 1 bladder, and 1 vaginal perforations) 
vs. only 6% from control cases with standard laparoscopic TME (2 rectal perforations) (P = 0.07)[8]. In 
addition, Perdawood et al.[9] reported bladder and urethral injury in 2% and 1% of their patients, respectively, 
and bleeding in 8%. All these intraoperative adverse events occurred during the transanal phase. In our 
preliminary experience, when we compared the first 20 cases with the last 14 cases of TaTME, intra-
operative complication rate, although not significant, decreased from 25% to 14% (P = 0.4)[8]. The American 
training program[10] reported the experience of surgeons after a two-day, cadaver-based training, with 
many concerns about wrong dissection plane in 60%, organ injury (especially urethral lesion) in 25%, 
and hemorrhage in 15% of cases. This cadaver-based training should be complemented by other training 
sessions to safely perform TaTME[10]. In addition, Koedam et al.[11] reported in their study that the learning 
curve is about 138 TaTME. At the beginning of their experience with their first 40 patients, the rate of 
major postoperative complications (Dindo III-IV) was 47.5% of patients, in whom 27.5% was leakage 
(anastomotic leakage after restorative surgery and presacral abscesses in patients with a colostomy). These 
rates decreased in the second part of the learning curve, but the procedure was still challenging. Forty 
procedures may be considered as a cut-off to appreciate an improvement in postoperative morbidity. In 
conclusion, the implementation of TaTME seems to be difficult, and the question remains of whether it can 
be done everywhere or only in high volume centers.

Carbon dioxide embolism is another intraoperative adverse event reported during TaTME in the literature. 
Even if this intraoperative complication is rare, it is well known during minimally invasive surgery[12,13]. 
The first description of carbon dioxide embolism during TaTME was made by Ratcliffe et al.[14] in 2017. 
More recently, Dickson et al.[15], considering the LOREC (The Low Rectal Cancer Development program) 
and OSTRiCh (Optimizing the Surgical Treatment of Rectal Cancer) TaTME registries, reported carbon 
dioxide embolism in 0.4% of patients (25/6375). Such occurrence required conversion into open surgery in 
7 cases, conversion into abdominal laparoscopic approach in 13 cases, and surgical cessation in 4 cases. 
Moreover, postoperative readmission in intensive care unit was necessary in 60% of the cases. Among 
the 25 patients with carbon dioxide embolism, postoperative complications occurred in 12 patients (48%) 
including 10 major complications (Dindo III-IV: radiological or surgical management of pelvic collections, 
renal failure, and pulmonary embolism). Furthermore, carbon dioxide embolism seems to be associated 
with venous bleeding, which occurred in 84% of patients. Even if this complication is rare, it appears as a 
potentially life threatening complication during TaTME. 

During the postoperative course, although the anastomotic leak rate was initially very low in the first 
TaTME reports, the rate is now similar to laparoscopic TME. In the international registry, anastomotic 
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failure occurred in 15.7%[7], which is similar or even higher than those reported after laparoscopic TME: 
13% in the COLOR II trial[16] and 10% in the CLASSIC trial[17]. The Dutch TaTME registry reported a quite 
similar rate of anastomotic leak: 16.5% after TaTME vs. 12.2% after laparoscopic TME[18]. Thus, the idea 
that leak rate would be lower after TaTME due to avoiding “dog ear” observed during stapled anastomosis 
performed from above might be wrong, and finally the risk of leak is probably unrelated to the technique 
used for performing TME. 

Long-term functional result in rectal cancer surgery is an important endpoint. Concerning functional 
results, a comparative study[19] between TaTME and laparoscopic TME recently reported that functional 
outcomes after TaTME were significantly worse than those after laparoscopic TME. Indeed, anorectal 
symptoms, such as buttock pain (P = 0.011), diarrhea (P = 0.009), clustering of stools (P = 0.017), and 
urgency (P = 0.032), significantly disfavored TaTME, as did the mean low anterior resection syndrome 
score, which is worse after TaTME than laparoscopic TME: 26.18 vs. 20.61 (P = 0.054). These results suggest 
that the use of a transanal device during the entire operating time could lead to a worse functional result, 
which is already altered after standard colo-anal anastomosis.

To conclude, if TaTME appeared as an attractive alternative for mid and low rectal cancer surgery with 
encouraging results in the first retrospective studies, some concerns have recently emerged, especially 
regarding the oncological results and a higher rate of early and multifocal recurrence, leading the 
Norwegian colorectal cancer group to cease TaTME in their country. Results of ongoing randomized 
control trials are needed to consider or not TaTME as a standard of care in rectal cancer surgery. 
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Abstract
Aim: We report our four-arm robotic bronchial sleeve anatomical lung resection technique and its early results.

Methods: We retrospectively collected all the four-arm robotic sleeve anatomical lung resections we performed in our 
institution from February 2014 to August 2019. We reported the results as a series of cases.

Results: During that period, 582 robotic procedures were performed by a single surgeon, of which 486 were major 
anatomical lung resections. From this group, 10 patients (2%) underwent bronchial sleeve resections. All patients were 
treated on the right lung. Neither conversion nor major events occurred during surgery. The first bronchial sleeve was 
performed for Patient 219. The mean length of procedure was 164 (± 43) min. One patient died during hospitalization 
due to a non-related complication (gastric massive bleeding). Three patients had no complications. Six had minor 
complications (Clavien Dindo Grade 2) resulting in prolonged length of stay. The mean length of stay was 10 (± 5.7) days. 
No bronchial fistula occurred. All resection margins were R0.

Conclusion: Four-arm robotic bronchial sleeve is a feasible and safe procedure. Telemanipulation surgery offers excellent 
technical conditions to ensure a hand-sewed anastomosis and R0 resection. The technical principle and dissection are 
the same as those of open surgery. Patient selection and mastering of the telemanipulation device are mandatory to 
perform these complex and rare procedures.

Keywords: Lung carcinoma, robotic, surgery, sleeve lobectomy, sleeve segmentectomy 
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INTRODUCTION
Telemanipulation surgery is a significant revolution in thoracic surgery. It allows minimizing the chest 
trauma while preserving-or enhancing-the surgeon’s skills and vision, allows bimanual surgery, provides 
a 3rd hand, and gives 3D magnified vision. This is of greatest interest for complex procedures that are 
performed to spare the patient’s lung function. Two trends are noticed in this area: the merger of sub-
lobar resections[1] and bronchial sleeve resections[2]. These 2 approaches require advanced skills that can be 
provided by the telemanipulator.

In this paper, we focus on the technical details of bronchial sleeve resections and report the early results of 
our experience.

METHODS
We collected retrospectively all the bronchial sleeve procedures performed in our center from the 
beginning of our robotic program in February 2014 to August 2019. All procedures were performed by a 
single surgeon. We analyzed them as a series of cases. 

Surgical technique
The procedures were performed with either the Da Vinci SiTM system or the XiTM system (Intuitive Surgical 
California). For the SiTM system, a 12-mm 30° camera was used. For the XiTM system, an 8-mm 30° camera 
was used.

Patient position and port placement
The same patient position and port placement as for any robotic anatomical lung resection and node 
harvest were used, as described previously[3,4]. This is shown in Figure 1 and summarized below.

The patient was placed on their left side with a tissue roll below their chest to avoid the hip. The patient’s 
body was stabilized with a vacuum cover. The right arm was placed in front of the head on the operating 
table. Neither central venous line nor arterial blood line was placed. A two-level paravertebral block and a 
serratus block were performed by the anesthesiologist with ultrasound guidance before surgical incision.

First, the design of the port placement was prepared. The shape of the scapula tip and scapula line were 
drawn. Then, the intercostal space (ICS) count was done from the 11th ICS from the back of the patient to 
the anterior side to spot the ninth for the 15-mm port access and the 8th for the camera port at the junction 
of the scapula line. The first port placed was the camera port to check the position of the other ports from 
inside the chest. After insertion of the camera, the capnothorax was started under vision control, and low 
pressure (5 mmHg) and medium flow (10 L/min) were applied. The other ports were placed in the following 
order: the right hand, the left hand, the third hand, and the port access.

The 30° camera was inserted with vision up to place the other ports. The right-hand port was placed in the 7th 
ICS, at the junction of the diaphragm and the end of the major fissure. The left-hand port was placed in the 
9th or 10th ICS above the triangular ligament. The 3rd hand was placed in the 7th ICS, at least 2 fingers closer 
to the spine to avoid conflict with the left hand, and at the junction of the visible muscular part of the ICS 
muscle and the posterior ICS ligament. Its angle of penetration in the chest was 90°. Then, the 15-mm port 
access was placed in the ninth ICS at the diaphragm insertion, as low as possible to enlarge the triangle 
among it, the right hand, and the camera port. Then, the capnothorax insufflation was moved from camera 
port to port access.

Instruments and procedure steps 
The instruments used for the procedures and for a right-handed surgeon were as follows:
- The right hand: permanent cautery spatula (Ref. 420184), needle holder SutureCutTM (Ref. 420296), or 
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curved scissors (Ref. 420178).
- The left hand: fenestrated bipolar forceps (Ref. 420205).
- The third hand (assistant arm): ProGraspTM forceps (Ref. 420093).

Two handmade rolled gauzes were inserted, one for each grasper, to ensure a non-direct traction or lung 
exposure. A fissure-first technique and sharp dissection were performed. The steps were almost the same 
as routine lobectomy, mainly stated as follows:
- Triangular ligament opening and zone 8/9 node harvest.
- Spot of inferior pulmonary vein.
- Zone 7 node harvest and opening the posterior interbronchial zone.
- Spot the artery in the fissure.
- Open the fissure.
- Control and section of the artery (or arteries).
- Control and section of the vein.
- Finish the remaining parenchymal section.
- Bronchus dissection at last and section in pathologic zone.
- Placement of the lobe or segment in the bag. 
- Complementary section of the bronchus in healthy macroscopic margin (and then sent to frozen section).
- Bronchial anastomosis.

Figure 1. Port placement according to ICS. The red lines show the partial W design of the port placement; the interrupted lines show the 
projected major fissure (up) and diaphragm (down). ICS: inter costal space



- Zone 2R 4R node harvest.
- Bag extraction.
- Chest tube placement and closing.

Arterial ligation was performed either by sewing 2 knots with linen 0 with the needle holder or by stapling 
with white 35 mm endo stappler [mainly for anterior mediastinal artery in case of right upper lobectomy 
(RUL)]. Venous ligation was performed either by sewing 1 knot with linen 0 doubled by a Vicryl 2/0 (22-mm 
needle) 10-cm suture with the needle holder or by stapling with white 35 mm endo GIA. In the case of “manual” 
ligation of vessels, the distal part was dissected as far as possible and the section was done by spatula 
burning along the forceps and then distal vessel bipolar burn. Radical hilar and mediastinal node harvest 
were performed during the procedure. 

The assistant was holding a long suction device (Elefant® Coloplast Ltd UK) to ensure a bloodless field and 
to avoid smoke inside the chest. The suction device was also used to stabilize the operating field by being 
placed over one of the rolled gauzes. For each procedure, a frozen section analysis of the bronchus border 
was performed to ensure the R0 margin. The specimen was placed after resection of the bronchus in an 
Endobag® to prevent the chest contamination, and was extracted through the port access enlargement at 
the end of the procedure.

A 24 French chest drain was left in the chest through the right-hand port and minor suction was applied 
(minus 10 cm of water) after the patient’s extubation.

Sleeve lobectomy
For the end-to-end anastomosis, V-Loc CovidienTM 3/0 180 (17-mm needle taper point, 15 cm length) 
sutures were used. For each anastomosis, 2 half-continuous sutures were performed.

The principle of the anastomosis technique, referring to a sleeve RUL, is as follows. A vertical axis exposure 
of the 2 borders was preferred. The posterior wall running suture started from outside the upper border, 
forehand, 3 o’clock, clockwise. After the first way out from the lower border, usually backhand, the needle 
was placed through the final loop of the wire to block the end of the running suture. The running suture 
was continued, mainly backhand, until 9 o’clock outside the lower border with the tension of the suture 
applied after each loop. Then, the anterior wall sewing was started with another V-Lock wire. The start 
of this second suture was from the lower border outside 3 o’clock, forehand. As with the previous first 
loop, the needle was placed through the final loop of the wire to block the end of the running suture after 
emerging from the upper border outside. The running suture was then conducted anti-clockwise to 9 o’clock 
outside the upper border, here again mainly backhand. 

The airtightness was checked under water with mechanical insufflation before knotting the two wire ends, 
to ensure a harmonious tension of the running sutures. Then, the final knot was done and the needles were 
removed from the chest.

Regarding the lobe removal, exposure and gests were adapted. For a sleeve median lobectomy (ML), the 
bronchial section was done through a fissure exposure after pulling back the lower lobe artery with a loop 
(silicone 10-cm cut blue loop) to expose the intermediate bronchial trunk. The anastomosis was performed 
after changing the exposure for a posterior view. Then, the 2 borders were naturally placed to avoid a twist 
and the artery was hidden away from the sewing zone.

For inferior bilobectomy or lobectomy, the end anastomosis sleeve required a v-shaped cut of the distal 
part of the bronchus. Then, separate single knots were placed, using violet Vicryl 2/0 (22-mm needle, 10-cm 
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length). Four to six wires were placed before starting to knot. A double loop was performed for the 1st knot 
to help tighten the knot.

For superior bilobectomy, pericardium section below the inferior pulmonary vein was achieved with the 
spatula to release the tension of the anastomosis. This could also be performed for RUL.

S6 sleeve segmentectomy
For sleeve segmentectomy, green light (FireFlyTM) was used to ensure accurate parenchymal margin 
resection. After section of vascular and bronchial structure, 8 mL (i.e., 15 mg of indocyanine green) 
were injected as an iv f lush and rinsed with 10 mL of saline. About 20 s after injection, the green light 
was turned on to spot the margin of parenchymal resection. The margins were marked with the bipolar 
grasper. The grasper was previously placed in the right-hand port. Then, the specimen was placed in an 
Endobag®. 

The complementary section of the bronchus was done with curved scissors through the fissure exposure 
and sent for frozen section analysis.

For better control of the bronchial section, the third arm was anteriorly tracking the basal pyramid trunk 
with a silicone loop (10-cm cut blue loop).

As for ML anastomosis, the posterior approach was preferred as it ensured the natural encounter of the 
two borders and moved the artery away during suturing. The same steps of suture were performed as RUL 
anastomosis.

Data analyses
Quantitative data are presented as the number of observed values, mean ± standard deviation, median, 
and range (min-max), while qualitative data are presented as the number of observed values. Complication 
severity was evaluated with Clavien Dindo classification[5].

RESULTS
During this period (February 2014 to August 2019) in our institution, 582 patients underwent robotic 
thoracic procedures. In this cohort, 486 anatomical lung resections were performed, which involved 351 
lobectomies or bilobectomies and 135 segmentectomies. Among these patients, 10 received a bronchial 
sleeve, i.e., 2% of the anatomical lung resections. The first bronchial sleeve was done on Patient 219. The 
main characteristics of the patients and procedures are reported in Table 1 in chronological order. The 
first 5 procedures were performed with the Da Vinci SiTM system and the last five with the Da Vinci XiTM 
system.

All patient had accurate pathology diagnosis of the lesion preoperatively. All surgeries occurred on the 
right lung. None of the patients involved pathological nodes. All resection margins were R0. The procedure 
details and outcomes are reported in Table 2 in the same order as Table 1.

No major events occurred preoperatively. Surgery duration was from 121 to 243 min. No blood transfusion 
was required during hospital stay. No bronchial fistula occurred.

DISCUSSION
Bronchial sleeve procedures are complex and rare surgeries. The benefit of the enhanced vision and hand 
tool of the robotic system is significant for these surgeries. The principle of telemanipulation surgery is 
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to allow open surgery procedures in a closed chest. This means that the procedure flow is the same as the 
open surgery gold standard. 

In our experience, we have had no conversions. We found a longer LOS in this group rather than standard 
procedure or those described in[6]. First, patients requiring this procedure might have comorbidities and 
thus are at risk of complications, thereby requiring more hospital care. Second, the postoperative risk 
concerns mainly the scaring process on the bronchus, which requires a closer check of the patients and thus 
a longer length of stay. The aim of this surgery is not the quickest outcome but a good outcome that spares 
the lung. In our series, 1 patient died during hospital stay of massive gastric hemorrhage. After analyzing 
this case during a dedicated mortality meeting, this dramatic outcome was not found to be related to 
the surgical approach. The patients’ comorbidities and the stress of such disease are real. This highlights 
the severity of the underlying pathologies and risks. We do not understate the harshness of disease and 
surgical risks due to miniaturization of thoracic penetration, especially for complex procedures.

Our 1st sleeve procedure was achieved for Patient 219, i.e., after significant experience with the machine. 
This might have given the surgeon time to be technically confident and therefore appropriate for the patient 
case. The learning curve for complex procedures depends on the surgeon’s self-appreciation and cannot be 
estimated as in standard procedures at around 30 cases[7]. For complex procedures, the surgeon’s mastery of 
the tool is the 1st step and remains based on their honest capacity assessment. The other restricting element 
is patient selection. As shown in our experience, these are rare indications (2%). We are aware of the patient 

Table 1. Chronological description of the characteristics of patients and procedures

Patient Procedure Sex Age (years) ASA BMI FEV (%) Tumor size (mm) Number of nodes Pathology
1 RUL + ML M 36 2 27 99 25 20 Carcinoid

2 ML M 62 3 27 MD 30 15 SCC

3 ML + RIL M 17 1 22 85 12 6 Carcinoid

4 ML M 52 3 21 107 30 21 ADK

5 RUL F 65 2 18 96 15 21 SCC

6 S6R M 70 2 22 64 85 14 SCC

7 RIL M 60 3 25 75 20 25 SCC

8 RUL M 55 2 25 107 25 19 Carcinoid

9 ML + RIL M 77 3 19 96 26 30 SCC

10 RUL M 42 2 21 101 12 9 Carcinoid

Median [Min; Max] 58 [17; 77] 2 [1; 3] 22 [18; 27] 96 [64; 10] 25 [12; 85] 19.5 [6; 30]

ML: median lobectomy; RUL: right upper lobectomy; RIL: right inferior lobectomy; S6R: segment 6 right lung; MD, missing data; SCC: 
squamous cell carcinoma; ADK: adenocarcinoma  

Table 2. Details of patients’ procedures, outcomes, and complications

Patient Sleeve
procedure N staplers Surgery

duration (min)
Blood loss 
(mL)

Chest tube 
(d) LOS (d) Complication

(yes 1, no 0) Clavien dindo Complication type

1 RUL + ML 1 141 5 2 4 0 0

2 ML 6 243 150 5 7 0 0

3 ML + RIL 4 121 5 5 7 1 2 Chylothorax

4 ML 8 227 50 10 12 1 2 Air leak > 5 days

5 RUL 5 141 5 3 12 1 2 Pneumothorax

6 S6R 8 156 100 6 9 1 2 Bronchitis

7 RIL 5 125 5 4 19 1 5 Gastric hemorrhage

8 RUL 4 125 50 2 4 0 0

9 ML + RIL 6 189 50 7 20 1 2 Air leak > 5 days

10 RUL 3 176 150 4 7 1 2 Atelectasis

 Mean (± SD) 5 (± 2.2) 164 (± 43) 57 (± 57) 4.8 (± 2.4) 10 (± 5.7)

ML: median lobectomy; RUL: right upper lobectomy; RIL: right inferior lobectomy; S6R: segment 6 right lung; LOS: length of stay; SD: 
standard deviation
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benefit in terms of disease-free survival and do not push for technical achievement[8]. In our series of ten 
patients, 4 had carcinoid tumor, 5 had squamous cell carcinoma (SCC), and only 1 adenocarcinoma; none 
had node involvement. It makes sense, as SCC and carcinoid tumors are more proximal, endobronchial 
diseases than other tumors and might be more subject to such procedures. 

The selection of patients is mandatory and we summarize some criteria below regarding patient status and 
tumor standard:
- Either poor lung function or patient’s comorbidities to avoid pneumonectomy outcome[9].
- R0 achievement.
- Low degree of aggressiveness of disease (carcinoid tumors and N0 disease).

In our experience, the tumor size is not a major limit as we have removed tumors with size up to 85 mm. 
The distance between the tumor and the vascular structure is more limiting than the size itself. We are 
still waiting for appropriate tools to clamp either the pulmonary artery or the pulmonary vein to allow safe 
vascular sleeve resection. That might explain why we have only performed right-side bronchial sleeve, as 
most left-side bronchial sleeve cases require a proximal vascular control.

In our experience, it is a bloodless surgery [mean blood loss: 57 mL (± 57)]. Hemostasis during the 
procedure is cautiously realized as the dryness of the operating field is mandatory to assess good vision 
(red color decreases brightness and contrast).

The patients were placed in lateral lying position without bending the table to avoid any limitation of the 
venous f low of the lower body, which combined with the capnothorax might trouble the cardiac input. 
The partial W-shaped port position ensures a non-conf licting position of the arms and instruments 
either outside or inside. It can be applied for any anatomical lung resection and is the same for the left 
side (mirror effect). The principle is to have the camera above the hands, similar to how the head is above 
the shoulders, and to have an assistant on the side coming perpendicularly. This setting avoids conflict 
and allows a complete control of the chest target zones. The 30° vision is also important for providing 
an overview of the target and to avoid blind spots while twisting the camera. At the beginning of the 
procedure, the chest wall is viewed through 30°-up vision and the procedure is achieved through 30°-down 
vision. The third-hand position is also meant to avoid conflict with the left hand, inside or outside, as it 
enters 90° to the chest, higher and closer to the spine.

For ML bronchial anastomosis, the exposure change (from fissure view for resection of the bronchus to 
posterior view behind the pulmonary vein) is of great interest for presenting the 2 bronchial borders and 
vanishing pulmonary artery away from the suturing zone. The versatility of exposure during robotic 
surgery must be exploited.

The use of barbed wire secures the tension adaptation of the running suture, but it is not mandatory. 
Previously published small series of patients have described the use of braided waxed sutures such as Vicryl 
running sutures or separate sutures and the use of monofilament such as polydioxanone[6,10-14]. These papers 
show similar outcomes to our series but do not describe our fully-closed-chest four-arm robotic technique. 
The use of absorbable monofilament might be tricky as its elasticity might be difficult to handle without 
haptic feedback. The choice of the needle is also important, as it must be small (17 mm) and semicircular 
to be scaled and fit to the instruments and bronchial structures. To limit the risk of wire rupture while 
knotting due to excess of “manual” tension, we suggest the use of the strongest V-LocTM, i.e., 180. Even 
then, the surgeon must be aware of this risk and be as delicate as possible while applying distraction force 
on the wire. The barbed suture does not require more than four knots to be stable, which is fewer than 
monofilament wires. The lack of haptic feedback is balanced by enhanced vision in most situations.
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The size of the wire must not be too thick to prevent the cut of the borders. Because of magnification, the 
surgeon might tend to take smaller border margins and quicker steps to progress than in open surgery 
during the running suture. It might then be useful to pay attention to the size of the instruments to keep 
an accurate scale evaluation of measure.

The surgeons’ hard skills are conserved, indeed enhanced, by the telemanipulator and favor the precise 
and tremorless moves of the instruments for either forehand or backhand sutures (bimanual surgery). This 
technical improvement ensures manual knot and stitch of distal arteries, which are a key point of these 
advanced procedures. First, it is the basis of the surgeon’s hard skills development and retention. Second, 
it helps for control and exposure of vascular structures when required. A stapleless artery is safer to 
manipulate and the presence of a nude arterial stump to hold can be useful to mobilize/expose the artery.

During our experience, we switched from the Da Vinci SiTM system to the XiTM system. The benefit of this 
upgrade is valuable for the surgeon and the operating room setting. With the SiTM system, we were using a 
12-mm camera to ensure the best vision; with the XiTM system, the full high definition vision is provided 
through an 8-mm camera, and smaller is better for the patient’s postoperative pain. The SiTM system needed 
to be placed on the axis of the scapula line, which limited the head access for the anesthesiologist during 
the procedure and prolonged the procedure setting. The XiTM system has smaller and wider motion zone 
moves than the SiTM system, as well as an autofocus camera and surgeon console control of the upside-
down twist of camera, which might save time and comfort during the procedure. This might explain the 
decreasing trend of procedure lengths between the first half and second half of our series.

In our experience, four-arm robotic bronchial sleeve lung resection and node harvest is safe and feasible. 
Patient selection and surgeon’s robotic expertise are mandatory to perform such rare procedures. Dedicated 
vascular clamping devices are awaited to enlarge indications to left side and vascular sleeve resections.
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Abstract
Robotic-assisted abdominal surgery was introduced with the aim of overcoming the drawbacks of the conventional 

laparoscopic approach. The present narrative review focuses on the comparison between laparoscopic and robotic-

assisted approaches for right colectomy (RC) regarding short- and long-term outcomes, costs, and learning curve. 

The main technical aspects related to the use of robotic assistance for this specific procedure are further discussed. 

Minimally invasive RC is considered technically challenging due to the particularities of the right and middle colic 

vascular anatomy. Robotic RC is not yet widespread due to its high cost and longer operating time. However, its use may 

result in advantages regarding short-term clinical outcomes, and it facilitates the acquisition of basic surgical skills by 

speeding up the learning curve of minimally invasive colorectal surgery.

Keywords: Minimally-invasive right colectomy, robotic surgery, laparoscopic surgery, colon cancer, anastomosis, 
learning curve, costs
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INTRODUCTION
Colorectal cancer (CRC) is the most common malignant disease of the gastrointestinal tract and the third 
most common cancer worldwide with over 1,000,000 new diagnoses and 500,000 deaths per year in the 
United States[1]. Approximately 40% of all CRCs are located in the right colon[2]. In recent years, several 
technical requirements have been established to improve the post-surgery outcomes for colon cancer. The 
American Joint Committee on Cancer (AJCC) has defined that, for a radical colectomy, a minimum of 
12 lymph nodes must be examined to avoid understaging[3,4]. Other milestones include the introduction 
of the principles of complete mesocolic excision (CME)[5] and the introduction and widespread use of 
minimally-invasive surgery (MIS)[6]. For the resection of colon cancer, the use of conventional laparoscopy 
seems to reduce the length of hospital stay, postoperative pain, and the time until daily activities return to 
normal, as well as improve cosmetic outcomes when compared to the open approach[7-10]. Nevertheless, the 
adoption of laparoscopic right colectomy (LRC) might not be as widespread as expected[11-15], probably due 
to the high complexity of the vascular anatomy of the right and transverse colon[16].

For minimally-invasive right colectomy (RC), the debate continues regarding whether the ileo-colonic 
anastomosis should be performed intra- or extra-corporeally. The majority of the published series on 
minimally invasive RC have reported an extra-corporeal anastomosis (EA) fashioning[16]. Few studies 
comparing EA with intra-corporeal anastomosis (IA) have been published recently[17]. The principles of 
CME require a meticulous dissection, which increases the technical challenge of LRC. In this scenario, 
the use of robotic assistance may overcome the limitations of the straight conventional laparoscopic 
instruments and allow performing a safer CME with central vascular ligation (CVL), especially in 
obese patients[18]. The latest da Vinci Xi® robotic system (dVXi) presents some additional advantages 
for colorectal procedures when compared with previous versions (da Vinci S® and Si®), such as simpler 
docking, possibility to position the optical system in all of its arms, which are thinner (width 1.7’ vs. 2.9’), 
easier to move, and allow multi-quadrant surgery. The present narrative review aims to describe the main 
technical aspects of robotic right colectomy (RRC) and compare the learning curve, the short- and long-
term outcomes, and the costs between LRC and RRC. A literature search was performed in MEDLINE 
database (PubMed); articles published in English between 2000 and 2019 using the following terms were 
screened: “MIS”, “RC/colon resection”, “robotic surgery”, AND “laparoscopic surgery” [Tables 1-3][17,19-32]. 

TECHNICAL ASPECTS OF RRC
Positioning 
There is no consensus about the position of patient and robot in the operating room. In our center, we 
put the patient in a supine position tilted on the left side (10°-25°) with the arms tight to the body and legs 
closed. Generally, the table is positioned in Trendelenburg position (5°-10°)[33,34] and the robot is placed on 
the right side of the patient [Figure 1]. 

Docking
The pneumoperitoneum is first established. Different options to position the ports have been described, 
some of which are similar to the conventional laparoscopic approach[35,36]. Advances in robotic systems 
allow variations of the port placement. Moreover, dVXi arms are thinner and have more flexibility, thus 
decreasing the risk of external collisions when compared to previous robot versions.

Diagonal or oblique port placement 
Four trocars are positioned drawing an oblique line from 4 cm above the pubic symphysis (Port 1) to the 
left mid-clavicular line crossing over the left sub-costal margin (Port 4), separated by 7.5 cm. One assistant 
port can be placed at the level of the umbilicus on the middle clavicular line [Figure 2, red points][37]. 
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Table 3. Table post-operative

Author Conversion (%)
Clavien-Dindo postoperative complications

Leak Reoperation (%) Readmission (%)
1 (%) 2 (%) 3 (%) 4 (%)

Ballantyne et al. 19] 0 0

D’Annibale et al. [20] 0 1 (2) 0 1 (2) 0

Juo et al. [21] 1 (3.2) 0 0 0

Trastulli et al. [17] 4 (3.9) 3 (2.9) 7 (6.8) 0

Formisano et al. [22] 1 (1.8) 0 0 0

Petz et al. [23] 0 0 0 2 (10) 0 0 0 0

Lujan et al. [24] 2 (2.3) 19 (21.3) 6 (6.7) 1 (1.1) 0 1 (1.1) 1 (1.1) 2 (2.2)

Mégevand et al. [25] 0 2 (4)

Blumberg[26] 0

Cleary et al. [27]

Scotton et al. [28] 5 (2.4) 1 (0.4) 6 (2.9)

Johnson et al [29] 0 0 0

Spinoglio et al. [30] 0 2 (2) 1 (0.9) 2 (2)

Park et al. [31] 0 1 (2.8) 1 (2.8) 1 (2.8) 0

Schulte et al. [32] 0 9 (29) 2 (6.4) 0 0 0

robotic assistance[55,56]. EA may require an extensive mobilization of the transverse colon for reaching 
the specimen extraction incision[54,57]. Two recent meta-analyses in LRC have shown shorter time for 
first defecation, and oral liquid diet, and decreased length of hospital stay in the IA group[58,59]. Van 
Oostendorp et al.[59] also showed a reduction of the short-term postoperative morbidity and surgical-
site infection rate in the IA group. No differences were found regarding the other short-term clinical and 
histopathological variables evaluated[59]. Technical advantages of robotic surgery permit performing 
an IA more easily. Mégevand et al.[25] reported a series of 100 cases comparing RRC and LRC with IA, 
and they observed faster intestinal recovery and fewer conversions in the RRC group. Solaini et al.[60], in a 
subgroup meta-analysis comparing only EA, found no significant differences between RRC and LRC. To 
date, no randomized controlled trial has been reported comparing RRC and LRC with the same type of 
anastomosis. Further studies are therefore needed before drawing any conclusion regarding the potential 
benefits of both IA and robotic assistance in decreasing the odds of anastomotic leak or improving 
intestinal recovery after RC. 

THREE-DIMENSIONAL VERSUS TWO-DIMENSIONAL VIEW IN LRC
Since the first steps of minimally-invasive surgical procedures, technological research continues to improve 
its outcomes. In the field of surgical view, a notorious revolution is expected and it is still ongoing. The 
new laparoscopic platforms together with the new generation of optics allow exceeding the limits of the 
two-dimensional (2D) view. Abdelrahman et al.[61] reported that three-dimensional (3D) optics with ultra-
high definition 4k allow a faster learning curve. This experimental evidence was confirmed by Currò et al.[62], 
who concluded that the 3D vision improves the depth of perception, which is especially useful in performing 
an IA, and it also produces less physical strain to the surgeon. However, further studies are needed before 
drawing any definitive conclusions regarding the potential benefits of 3D (with or without 4k) versus 
conventional 2D. To date, the choice between 3D and 2D systems relies only on the surgeon’s preferences 
and the hospital’s resources.

LEARNING CURVE OF MINIMALLY-INVASIVE RC
Robotic surgery, similar to all the minimally-invasive surgical procedures, requires the acquisition of 
specific abilities and skills. The learning curve is the number of cases required to achieve expertise with 
minimal procedural time and complications[63,64]. LRC requires a high degree of dexterity and technical 
skills which result in a learning curve of 20-30 procedures[36,65,66]; this number may increase with IA 
fashioning[59]. Operative time for the first cases of robotic surgery is shorter than that in laparoscopy[67]. 
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Additionally, RRC has been proposed as an ideal procedure for the surgeon’s initial steps with robotics[68]. 
de’Angelis et al.[36] observed that RRC with EA was associated with a faster learning curve than LRC with 
EA. Only 16 procedures in the RRC group were needed to significantly reduce operative time versus 25 
surgeries in the LLC group. This may be explained by the fact that robotic surgery improves the surgeon’s 
dexterity and depth of perception. Parisi et al.[69] concluded that the learning curve for RRC is around 
44 procedures. This long curve was necessary to significantly reduce operative time and conversion to 
open surgery rate, as well as to significantly increase the number of harvested lymph nodes. Performing 
RRC can be justified in different situations depending on the type of surgical unit, for example as a 
training procedure for robotic colorectal surgery for young surgeons in centers that are already skilled at 
performing RRC. Moreover, centers aiming to incorporate complex robotic procedures could start with 
RRC as one of the first of them.

SHORT- AND LONG-TERM OUTCOMES
Several studies have demonstrated the safety and efficacy of RRC for both short- and long-term 
outcomes[31,60,70,71]. Only one randomized controlled trial found no differences in lengths of hospital stay 
and the surgical complications rate between RRC and LRC groups[72]. The latest meta-analysis published 
by Ma et al.[73] in 2019 concluded that RRC has a longer operation time, lower estimated blood loss, 
shorter hospital stay, and lower postoperative complication rate than LRC. Solaini et al.[60] reported that 
conversion to open surgery was more common during LRC, with no significant differences in mortality 
and postoperative complication rate. Lim et al.[70] concluded that the time for diet, first flatus, and first 
defecation, and the length of hospital stay were significantly decreased for RRC. Similarly, Rondelli et al.[74] 
showed that the time for the first flatus was significantly shorter in RRC. Such differences in recovery may 
also be related to the less traumatic intra-peritoneal approach provided by the use of IA, rather than purely 
by the use of robotic assistance. When combined, they can provide a quicker bowel recovery with less need 
of analgesics[17,75] and fewer post-operative complications[24,74,76-78] [Tables 4 and 5][17,24,30,54,72,76-79].

In a recent retrospective study with 101 patients receiving RRC with CME from 2005 to 2015, Spinoglio et al.[30] 
showed that it is possible to perform routine RRC with CME and IA safely, with comparable long-term 
oncologic outcomes to laparoscopic techniques [five-year overall survival (OS) of 77% and disease-free 
survival (DFS) of 85%]. They also showed a non-significant improvement in DFS for AJCC/UICC stage 

Figure 1. ROBOTIC CONSOLE: robotic platform. SURGEON: first surgeon; ROBOTIC CART: robotic arms; ANESTHESIOLOGIST: 
anesthesiologist; ASSISTANT: second surgeon; SCRUB NURSE: operative nurse
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Figure 2. Robot trocar's positions. Red points: diagonal approach; blue points: suprapublic approach

III patients undergoing RRC. Park et al.[31] randomized 71 patients and compared robotic and LRC, and 
they observed that the long-term outcomes were similar between RRC and LRC with no statistically 
significant differences at three- and five-year DFS and OS. These findings are consistently reproduced in 
the contemporary literature[80] [Table 6][20,30,72,80,81]. 

COSTS
Cost evaluation in robotic colorectal surgery is crucial to implementing and maintaining the new 
technology. Nowadays, increased costs are the most important drawback of robotic-assisted surgery and 
could imply a non-neglectable burden on healthcare systems. Direct costs can be divided into fixed and 
variable types. The fixed costs include the acquisition of the robotic system, ranging $0.6-2.5 million, and 
the costs of further maintenance. The variable costs depends on the consumable instruments, operating 
room charges, and professional fees. There is a consensus that RRC is more expensive than LRC[36,60,74,82,83]. 
Park et al.[72] determined that the mean direct patient payment for a robotic colectomy was about US $3600 
more expensive than for a laparoscopic procedure. Cleary et al.[27] reported lower rates of conversion 
in RRC than in LRC; they also found that RRC was more expensive than LRC, but, when converted 
patients were included, the difference in cost between RRC and LRC decreased substantially. The total 
length of hospital stay has an impact on the costs; some of the recent meta-analyses showed that RRC is 
associated with shorter hospital stay, which may translate to reduced costs[73]. It is clearly difficult to assign 
a monetary value to measured outcomes in cost-effectiveness studies. In a recent study, laparoscopic and 
robotic colectomy were shown to be more cost-effective than the traditional open resection, laparoscopy 
being the most cost-effective approach[84]. Decreasing costs of robotic platforms and devices is mandatory 
for its future widespread adoption. Under careful assessment of indications for the different robotic system 
applications, the advantages of robotic assistance, such as higher degrees of rotation, articulation, and 
3D imaging, can outweigh the existing drawbacks provided by the higher costs. The expected arrival of 
competitive industry players could dramatically change this situation soon.
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Abstract

Aim: Rates of clinically relevant postoperative morbidity after transanal endoscopic microsurgery (TEM) are low. 
For this reason, there are few descriptions in the literature on the management of these complications. Because 
of this lack of information, their importance may be either underestimated or overestimated (in the latter case, 
leading to overtreatment). The present article reports the frequency of the occurrence of postoperative surgical 
complications after TEM and describes various approaches to their management.

Methods: An observational study was carried out with prospective data collection and retrospective analysis from 
June 2004 to June 2019, including all patients undergoing TEM for rectal tumors. All postoperative complications 
were recorded using the Clavien-Dindo classification (Cl-D), as well as preoperative, surgical, postoperative, and 
pathological variables.

Results: During the study period, 778 patients underwent TEM, of whom 716 met the inclusion criteria. Postoperative 
morbidity was 22.1% (158/716). Clinically relevant morbidity (Cl-D > II) was 5% (36/716). The most frequent 
complication was rectal bleeding, occurring in 115/716 (16.1%) patients; 85 of these 115 (73.9%) patients were 
grade I Cl-D. Urinary complications were rare (30/716, 4.2%). Similarly, infectious complications of perianal and 
pelvic abscesses appeared in 7/716 (1%) patients, two of whom required colostomy.



Conclusion: Clinically relevant complications after TEM are rare. For this reason, experience of these complications 
is limited. Here, we propose a management protocol to ensure that these complications are neither underestimated 
nor subjected to excessively aggressive or unnecessary treatment.

Keywords: Transanal endoscopic microsurgery, TEM, transanal endoscopic operation, minimally invasive surgery, 
morbidity and morbidity management

INTRODUCTION
The approach to benign or initially malignant rectal lesions through local surgery posed a considerable 
challenge until the advent of Transanal Endoscopic Microsurgery (TEM), introduced by Buess in the 
1980s[1]. Thanks to the creation of a pneumorectum, this technique makes it possible to perform local 
resections even beyond the rectum-sigmoid junction.

Later technical variations on TEM include transanal endoscopic operation (TEO)[2], which uses a high 
definition monitor, and TAMIS[3] (TransAnal Minimally Invasive Surgery), a more recent development that 
incorporates a single-port system. The application of strict selection criteria and careful surgical techniques 
obtain good results for postoperative morbidity and mortality, function, and cure.

Overall postoperative morbidity after TEM ranges from 7.7% to 31.4%[4,5]. However, the absence of 
standardization in the recording and the description of the complications makes the results of different 
studies difficult to compare. A previous study by our group[6] reported a morbidity rate of 23.6%, grouped 
according to the Clavien–Dindo classification (Cl-D)[7]. More than half of these complications (Cl-D grade I) 
required observation alone, and clinically relevant morbidity (Cl-D ≥ II) was recorded in only 5.6% of the 
patients.

The most frequent complications after TEM are rectal bleeding (as in the study just mentioned)[6] or 
urinary morbidity, with reported rates ranging between 5.9% and 10.8%[8,9]. 

The management of complications after TEM has not been widely reported. Rectal bleeding, the most 
frequent complication, has a Cl-D classification ranging from I to IVa/b. In the remaining postoperative 
complications, such as urinary morbidity, infection, asymptomatic postoperative fever, and massive 
pneumo-retroperitoneum on computed tomography (CT) or chest radiography, it is unclear what protocol 
should be applied. The main aim of the present study was to describe the frequency of occurrence of 
postoperative surgical complications after TEM according to their Cl-D classification. The secondary aim 
was to describe the therapeutic management protocol in the most frequent complications.

METHODS
Study design
An observational, single-center study in consecutive patients undergoing TEM was carried out with 
prospective data collection and retrospective analysis. Computerized data management was carried out 
with the Microsoft® Access 2003 software in a protected format.

Patients and setting
All patients were operated on by surgeons at the Parc Tauli University Hospital, Coloproctology Unit 
from June 2004 to June 2019. All patients with indication of TEM underwent a preoperative study 
protocol[10] incorporating endorectal ultrasound (US) and rectal magnetic resonance imaging (MRI). 
These examinations classify the patients into five groups of preoperative indication: Group I with curative 
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intention (benign tumors), which, after US and MRI, are staged US-MRI,T0-1 and US-MRI,N0; Group II, 
with curative intent (low grade adenocarcinomas, US-MRI,T0-1 and US-MRI,N0); Group III, consensus 
indication (low grade adenocarcinomas, US-MRI,T2 and US-MRI,N0) who reject radical surgery; Group 
IV, palliative care; and Group V, atypical indication[11].

Inclusion criteria were patients in preoperative indication Groups I-IV who were candidates for TEM 
surgery.

Exclusion criteria were patients in preoperative indication Group V, and those who, after intraoperative 
assessment of possible TEM, were assigned to abdominal surgery on technical grounds.

Preoperative preparation, surgical technique, and postoperative evolution
In our protocol[10], all patients with indication for TEM undergo anterograde mechanical preparation 
of the colon together with antibiotic and thromboembolic prophylaxis. General anesthetic is applied in 
most cases, unless the anesthesiologist decides to use spinal anesthesia due to the patient’s condition. The 
techniques used for local rectal excision are either TEM (Richard Wolf, Knittlingen, Germany) or TEO (Karl 
Storz GmbH, Tüttlingen, Germany). Full wall resection is performed by ultrasound scalpel, following the 
superficial plane of the perirectal fat. 

The lesion’s defect on the rectal wall should be sutured to prevent complications due to stenosis of the rectal 
lumen (in large defects) and postoperative bleeding due to fecal erosions. A long-lasting 3-0 absorbable 
monofilament suture such as polydioxanone (PDS, MonoPlus) is used with a 20-22 gauge curved cylindrical 
atraumatic needle. A 10 cm length is cut to facilitate handling in the interior of the rectoscope. A Vicryl 
(Ethicon) clip is placed at the ends, using an instrument known as Lapra-TY for placement, as an anchor 
and to avoid knot tying. A curved needle holder is used, which facilitates handling the suture. 

The suture should always be made in a transverse direction to avoid compromising the rectal lumen and 
to avoid formation of stenosis. The stitches are placed as full-thickness continuous sutures that are passed 
through the rectal wall, as previously described. Upon completion of suturing, irrigate once again with 
povidone iodine solution diluted to 1% with physiological saline solution.

The bladder catheter is removed at the end of the surgery. Oral diet and ambulation are initiated after 6 h, 
and patients are discharged after 24 h unless they present complications.

Main variable
The main variable was post-surgical complications in patients undergoing TEO/TEM within 30 days of the 
intervention.

Secondary variables
The secondary variables were epidemiological, preoperative (patient- and tumor-dependent variables), 
surgical, postoperative (Clavien-Dindo Classification, Table 1)[7], and pathological variables.

In addition, postoperative morbidity (postoperative complications or adverse effects), defined as an 
unexpected consequence or injury caused to the patient due to the treatment, not due to their underlying 
disease, was evaluated. Morbidity was considered clinically relevant with a Cl-D grade ≥ II requiring 
specific medical action.

Rectal bleeding was defined as more than 100 mL of red blood, or a bowel movement completely of blood 
(evaluated by nurse or surgeon). The same criteria were applied to patients consulting the emergency 
department. 
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Since January 2005, morbidity has been prospectively recorded in all patients admitted to the Colorectal 
Unit and the Department of General and Digestive Surgery at our hospital[6]. The assessment of adverse 
effects is peer-reviewed. The present study was approved by the local Institutional Ethics Committee 
(CEIC: 2016-636) and complied with the criteria of the Declaration of Helsinki. The STROBE guidelines for 
observational studies were followed.

Statistical analysis
SPSS version 23 was used for statistical analysis. Prospective data collection allowed analysis of the data 
without the presence of missing values. The quantitative variables were described using mean values and 
standard deviation if normality criteria were met; otherwise, median, interquartile range (IQR), and range 
(R) were used. Categorical variables were described in absolute values and percentages.

RESULTS
During the study period, 788 patients underwent TEM in our Coloproctology Unit. Seventy-two patients 
did not meet the inclusion criteria, leaving a total of 716 patients. Figure 1 shows the patients included 
according to indication group.

Table 2 displays the epidemiological and preoperative variables of patients undergoing TEM. Median 
age was 71 years, and 430 (60%) patients were men. Median lesion size was 4 cm. Neoadjuvant treatment 
was administered in 44 (6.1%) patients. Median distance from the lower edge of the lesion to the anal 
verge was 7 cm, and from the upper edge to the anal verge was 11 cm. The most frequent location was the 
lateral quadrant, reported in 318 (44.4%) patients. Sessile morphology was the most common in 329 (47.1%) 
patients.

As regards surgical, postoperative, and pathological variables [Table 3], 655 (91.4%) patients underwent 
general anesthetic. The frequency of TEM and TEO use was similar (349 (48.7%) and 367 (51.3%), 
respectively), although in recent years TEO has been more widely used. En bloc resection was possible in 
658 (91.9%) patients. Median surgical time was 70 min. Peritoneal cavity perforation was recorded in 51 
(7.1%) cases, without major morbidity and only one case required conversion to abdominal surgery. Vaginal 
perforation was observed in 12 patients; despite repair, five recto-vaginal fistulas appeared (5/12, 41.7%). 
The overall postoperative morbidity rate was 22.1% (158/716), although 98 (13.7%) complications were Cl-D 

Grade Definition
Grade I Any deviation from the normal postoperative course without the need for pharmacological treatment or surgical, 

endoscopic, and radiological interventions
Allowed therapeutic regimens are: drugs as antiemetics, antipyretics, analgetics, diuretics, electrolytes, and 
physiotherapy. This grade also includes wound infections opened at the bedside

Grade II Requiring pharmacological treatment with drugs other than such allowed for grade I complications
Blood transfusions and total parenteral nutrition are also included

Grade III Requiring surgical, endoscopic or radiological intervention
Intervention not under general anesthesia
Intervention under general anesthesia

Grade IV Life-threatening complication (including CNS complications)* requiring IC/ICU management
   Grade IVa Single organ dysfunction (including dialysis)
   Grade IVb Multiorgan dysfunction
Grade V Death of a patient
Suffix “d” If the patient suffers from a complication at the time of discharge (see examples in Table 2), the suffix “d” (for 

“disability”) is added to the respective grade of complication. This label indicates the need for a follow-up to fully 
evaluate the complication

Table 1. Clavien-Dindo classification[7]

*Brain hemorrhage, ischemic stroke, subarrachnoidal bleeding, but excluding transient ischemic attacks. CNS: central nervous system; IC: 
intermediate care; ICU: intensive care unit
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grade I. Clinically relevant morbidity (Cl-D ≥ II) was reported in 36 (5%) patients with a Comprehensive 
Complication Index (CCI)[12] of 0. Fifty-nine (8.2%) patients presented asymptomatic postoperative fever. 
The causes of death in the two (0.3%) patients who were exituswere reported in our previous publication[6]. 
The most frequent pathology was adenoma in 422 (58.9%) patients. Full wall resection was achieved in 710 
(99.2%) patients and only 61 (8.6%) patients presented positive margins.

Table 4 displays the most frequent types of complications related to TEM. In 139/158 (88%) patients, the 
complications were surgical. The most frequent complication was rectal bleeding in 115/716 (16.1%) patients; 
however, the bleeding was Cl-D grade I in 85/115 (73.9%) patients. Fifteen of 115 (13%) patients required 
surgical treatment (a new TEM in all cases). Rectal bleeding was a clinically relevant complication (Cl-D ≥ 
II) in 25/716 (3.5%) patients.

Figure 1. Flow chart of the study patients. TEM: transanal endoscopic microsurgery; TEO: transanal endoscopic operation

Variables Overall patients
n  = 716 (%)

Epidemiology Age (years) (median-IQR-range) 71 (IQR 16) (range 31-92) 
Sex (%) Male 430 (60%)

Female 286 (40%)
Tumor size (cm) (median-IQR-range) 4 (IQR 2) (range 0.5-12)
Preoperative chemo-radiotherapy 44 (6.1%)
Re-TEM 24 (3.4%)
TEM after polypectomy with positive margin resection 48 (6.8%)
Distance from anal verge (cm) (median-IQR-range) 7 (IQR 5) (range 1-22)
Distance from  tumor proximal margin to anal verge (cm) (median-IQR-range) 11 (IQR 4.5) (range 1-26)
Location of the tumor (%) Anterior 185 (25.8%)

Lateral 318 (44.4%)
Posterior 213 (29.7%)

Morphology of the lesion (%) Flat 169 (23.6)
Pedunculated 150 (21.3%)
Sessile 329 (47.1%)
Ulcerated 54 (7.6%)

ASA (%) I 23 (3.2%)
II 381 (53.2%)
III 254 (35.5%)
IV 58 (8.1%)

Table 2. Descriptive epidemiological and preoperative data of patients who underwent TEM

TEM: transanal endoscopic surgery; ASA: American Society of Anesthesiology scale; IQR: Interquartile range; Re-TEM: recurrence-TEM
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Urinary complications were relatively uncommon, being recorded in 30/716 (4.2%) patients. Nine of 716 
(1.3%) patients presented urine infections and 20 (2.8%) patients presented acute urine retention (AUR).

Infectious complications were rare (14/716, 2%). Pelvic or perianal abscess occurred in seven (1%) patients 
and were treated by antibiotics and local debridement, except in two cases that required colostomy. All 
of them were associated with tumors located in the lower third of the rectum. In the cases that required 
colostomy, one was an immunosuppressed patient with lymphoma who developed perineal cellulitis. In the 
other patient, with no history of interest, a perianal abscess was observed on Postoperative Days 4-5; after 
local debridement, the perianal infection progressed, obliging the creation of a colostomy.

Two patients underwent exploratory laparotomy, one for severe pneumoperitoneum on chest X-ray [Figure 2], 
and the other due to massive neuro-retroperitoneum on abdominal CT [Figure 3]. The abdominal CT did 
not record any free intra-abdominal fluid or collections. In neither case was rectal perforation observed, or 
the presence of intestinal contents.

DISCUSSION
Postoperative surgical complications after TEM are rare and tend to be unimportant. In this study, 98/158 
(62.1%) complications recorded were Cl-D grade I, and only 5% of patients presented clinically relevant 

Variables Overall patients
n  = 716

Surgical Anesthesia type General 655 (91.4%)
Locoregional 61 (8.6%)

Surgical equipment TEM 349 (48.7%)
TEO 367 (51.3%)

Fragmentation of the specimen En bloc 658 (91.9%)
Piecemeal 58 (8.1%)

Surgical time(min) (median-IQR-range) 70 (IQR 50) (range 17-265)
Perforation into abdominal cavity 51 (7.1%)
Vaginal perforation 12 (1.7%)
Suture of the defect after excision Complete 614 (85.8%)

Incomplete 94 (13.1)
Absent 8 (1.1%)

Conversion to abdominal surgery 1 (0.1%)
Postoperative Overall morbidity 158 (22.1%)

Morbidity (Clavien-Dindo) 0 558 (77.9%)
I 98 (13.7%)
II 24 (3.4%)
IIIa 11 (1.5%)
IIIb 17 (2.4%)
Iva 5 (0.7%)
IVb 1 (0.1%)
V (mortality) 2 (0.3%)

Clinically relevant morbidity (Cl-D > II) 36 (5%)
CCI 0 (IQR 0) (range 0-100)
Asymptomatic fever post-TEM 59 (8.2%)

Pathology Definitive pathology Adenoma 422 (58.9%)
Adenocarcinoma 239 (33.4%)
No pathology 55 (7.7%)

Positive margin 61 (8.6%)
Wall excision Full-thickness 710 (99.2%)

Partial 6 (0.8%)

Table 3. Descriptive surgical, postoperative and pathological variables

TEM: transanal endoscopic microsurgery; TEO: transanal endoscopic operation; IQR: interquartile range; Cl-D: Clavien-Dindo; CCI: 
comprehensive complex index

Page 6 of 11                                  Serra-Aracil et al. Mini-invasive Surg 2019;3:37  I  http://dx.doi.org/10.20517/2574-1225.2019.36



complications (Cl-D ≥ II). We believe that the description of postoperative complications should apply the 
same classification to allow comparison of the results. The Clavien-Dindo classification[7] is probably the 
most widely used in the literature; the Comprehensive Complication Index (CCI)[12] is useful for completing 
the description of complications in procedures associated with high morbidity, but in TEM it is of little 
value[6].

As noted above, there are few references to the management of these complications in the literature. 
Because of the lack of information, some of these complications may be overtreated; alternatively, others 
may be ignored and may evolve into more complex forms. For this reason, the objective of this study was 
to assess the most frequent types of complication based on our experience and on the literature.

Total number of patients with complications related to TEM 158/716 (22.1%)
Patients with surgical complications 139 (19.4%)
Patients with medical complications 13 (1.8%)
Patients with both medical and surgical complications 6 (0.8%)
Rectal bleeding Overall morbidity 115/716 (16.1%)

Morbidity (Cl-D) I 85/115 (73.9%)
II 5/115 (4.3%)
IIIa 10/115  (8.7%)
IIIb 11/115  (9.6%)
IVa 4/115  (3.5%)
IVb 0/115 (0%)
V (mortality) 0/115(0%)  

Clinically relevant morbidity (Cl-D > II) 25/716 (3.5%)
Urinary complications 30/716 (4.2%)
   AUR 20/716 (2.8%)
   UTI 9/716 (1.3%)
   Hematuria and traumatic urine catheter insertion 5/716 (0.7%)
Infectious complications 14/716 (2%)
   Abscess 7/716 (1%)
   Pneumoperitoneum/retropneumoperitoneum/pneumomediastinum 2/716 (0.3%)
   Recto-vaginal fistula 5/716 (0.7%)

Table 4. Description of surgical complications related to TEM

TEM: transanal endoscopic microsurgery; AUR: acute urine retention; UTI: urinary tract infection; Cl-D: Clavien-Dindo

Figure 2. Chest X-ray with massive pneumoperitoneum
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Rectal bleeding
The presence of a wound inside the rectum, whether completely sutured, partially sutured, or left open, 
causes a minimal blood emission after contact with the feces and the internal pressure of the rectum with 
defecation. This is a common occurrence and is considered normal within the process. Therefore, it is 
important to define the concept of rectal bleeding[6].

Table 4 shows that rectal bleeding is the most frequent complication, accounting for 72.8% (115/158) of 
the total complications. Eighty-four of these 115 (73%) complications were Cl-D grade I. For this reason, 
when a patient consults our hospital’s emergency department or after the immediate postoperative period, 
the first approach is conservative: hemodynamic control, withdrawal of anticoagulant or antiplatelet 
medication, and observation. If the complication persists, with a decrease in hemoglobin (> 2-3 g/dL) or 
hemodynamic alteration, the next step is to perform a flexible rectosigmoidoscopy under sedation in an 
attempt to visualize the source of bleeding and perform sclerosis or insert a hemostatic clip. In our study, 
this maneuver was performed in 25 patients with clinically relevant morbidity (Cl-D ≥ II) and was effective 
in 10 cases (40%).

The rest of the patients operated upon for rectal bleeding (15/115, 13%) were controlled with a new TEM. 
None underwent abdominal surgery or arteriography embolization. However, the performance of a new 
TEM requires a number of precautionary steps. Bleeding may be due to a deshiscence suture, or may 
be observed directly over the resection bed if it has not been sutured. First, as the rectal lumen is filled 
completely with blood clots, we will not be able to see anything inside via the rectoscope. The first step 

Figure 3. Abdominal computed tomography scan with pneumoretroperitoneum, without intra-abdominal free fluid or collections
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is to introduce the TEM rectoscope into the rectum without the working attachment. Then, the rectum 
undergoes intensive washing to remove all the blood clots from the rectal ampulla. Subsequently, the 
working attachment is introduced once more and the rectum is distended. In many cases, a rectal catheter 
is inserted via the TEM to complete the aspiration of the blood clots, since the conventional TEM aspirator 
is not effective. The bleeding may be as low diffuse bleeding or may start from a particular point; the 
amounts are small, but constant. The inflammation of the tissues means that any sutures inserted would 
tear. The most effective procedure is to perform coagulation with aspiration maintained over the point of 
bleeding and the entire surface of the resection bed. Finally, new washes are performed and the defect is 
left open.

Urinary complications
Some studies have reported urinary complications to be the most frequent, affecting between 5.9% and 
10.8% of patients[8,9]. In our study, 30/716 (4.2%) patients presented urinary morbidity and only 20 (2.8%) 
patients had AUR, a complication which other studies (e.g., Kumar et al.[8]) have reported to be more 
frequent. One possible explanation is that in our protocol we remove the bladder catheter at the end of the 
surgery in all patients except those with a history of prostate disease; in these latter patients, the medication 
against benign prostatic hyperplasia is not withdrawn and the catheter is removed early the next morning. 
Another possible reason is the use of general anesthetic in 655/716 (91.4%) patients, which does not favor 
AUR (unlike spinal anesthetic).

Peritoneal cavity perforation
Peritoneal cavity perforation has been considered a cause of major morbidity in some studies[13]; others[14,15], 
however, have not found it to be a significant risk factor for postoperative complications. In our view, if 
peritoneal perforation is detected intraoperatively and is repaired by TEO/TEM, this is considered as a 
standard technical variant of the procedure[15].

Anterior resections with perforation in the vagina and recto-vaginal fistulas. Urethral lesions?
Special care must be taken in the resection of anterior lesions in women. The integrity of the recto-vaginal 
septum should be monitored, and a vaginal examination performed in case of doubt. Vaginal perforation 
should be considered an important complication; indeed, five of our 12 patients with vaginal perforations 
developed recto-vaginal fistula, due to the poor vascularization of the recto-vaginal septum and the 
pressure exerted on it during defecation. These fistulas constitute a rare complication (appearing in five 
of our 716 (0.7%) patients), but they are difficult to treat. In most cases, they require reoperation with a 
temporary stoma and subsequent repair of the fistula. We have registered no urethral injuries after TEM in 
our experience.

Postoperative pneumo-retropneumoperitoneum
As shown in Figures 2 and 3, the appearance of massive pneumo- and retroperitoneum on chest 
radiographs and abdominal CT is relatively common during the immediate postoperative period. Provided 
that the clinical and inflammatory parameters are normal, pneumo- and retroperitoneum need not be a 
matter for concern. As noted above, two patients with asymptomatic postoperative fever presented these 
features and were assigned to exploratory laparotomy, which turned out to be negative in both cases.

Asymptomatic postoperative fever
Fever is defined as asymptomatic and postoperative if it appears during the first 24-48 h, without other 
symptoms, hemodynamic repercussion, or any focus. Fever may be as high as 39 °C[6]; it is not associated 
with leukocytosis or with abdominal or pelvic pain and remits with antipyretics. In our study, 59/716 
(8.2%) patients presented fever, which we considered to be a normal feature of the postoperative course. 
In contrast, fever associated with abdominal pain and leukocytosis is termed post-TEM syndrome[16]. 
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The etiology of this asymptomatic fever is not known, although it is probably caused by an inflammatory 
reaction to the surgical aggression rather than to a self-limited infection or contamination; in all cases, it 
was controlled with antipyretics. We do not consider it as postoperative complication.

Severe perianal infection and the need for colostomy
The removal of lesions in the rectum, with fecal contamination of the resection area, entails a high risk 
of developing serious and frequent pelvic infections. Infections are very rare (in our study, only seven 
(1%) cases were recorded) but they can be serious. When they appear, antibiotic treatment and local 
debridement should be applied as quickly as possible to avoid the need for more radical treatments. Two 
of these patients required an end colostomy: one an immunosuppressed patient with a lymphoma, and the 
other without associated morbidity.

The limitations of this study are those inherent in observational studies performed at a single center. Its 
main strength is the unusually large sample size. All the data reported were recorded prospectively over a 
period of 15 years; the experience gathered over this time has allowed us to discuss and establish protocols 
for responding to the different complications.

In conclusion, clinically relevant complications after TEM are rare occurrences. Nonetheless, a protocol for 
their management needs to be established to ensure that their importance is not underestimated, and to 
avoid unnecessary or excessively aggressive treatments.
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ANATOMICAL CHARACTERISTICS OF RECTUM
The rectum, the last stage of the digestive tract, inevitably crosses the pelvic cavity to the anus. The pelvic 
cavity is a tunnel-shaped space consisting of pelvic bones and is compactly filled with soft tissues including 
urogenital organs, blood vessels, nerves, and lymph nodes as well as the rectum. Rectal surgery performed 
in this narrow and visually adverse environment is difficult, regardless of surgical modalities in terms of 
firm procedures, securing margins, and nerve and blood vessel preservation. This is particularly acute in 
the distal rectum, because the rectum travels forward and close to the prostate and seminal vesicles in men 
and the vaginal wall in women. 

HISTORY OF RECTAL SURGERY
The first description of rectal cancer was given by Joannes Baptista (1682-1771), and the first operation 
was performed by Jacques Lisfranc in 1826 in a transanal approach. The first colostomy to relieve large 
bowel obstruction was performed by Amussat in 1839 and the first transsacral approach to rectal cancer 
by Kraske in 1885. The combining of transabdominal and transperineal approaches to rectal cancer was 
already published by Czerny and Mayo in 1884 and 1904, respectively, but it is evaluated as a conventional 
surgery. The first rectal resection intended for radical treatment is generally known to have been performed 
by WE Miles in 1907[1]. 
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At the same time, as distal resections including for rectal cancer, the Hartmann operation was performed 
by Henri A. Hartmann in 1921 and the anterior resection by Dixon in 1948. In 1967, the “No-touch 
isolation technique” was introduced by Rubert Turnbull Jr., and in the same year the circular stapler 
was first introduced by the Russian pediatric surgeon Mark Mitchell Ravitch, making it widely used for 
convenient and easy anastomosis. In 1982, Bill Heald introduced the concept of total mesorectal excision 
(TME), which led to a dramatic improvement in the local recurrence rate. Since then, the Holy plane has 
been the gold standard for rectal cancer surgery[2]. 

In 1998, Maas et al.[3] reported that autonomic nerves sparing could reduce the rate of postoperative 
urinary and sexual dysfunction. 

Recently, with the development of minimally invasive surgery such as laparoscopic surgery and robotic 
surgery, favorable results of several studies (COST, CLASSIC, COLOR II, and COREAN trials) have been 
published one after another[4,5]. 

HISTORY OF TRANSANAL APPROACH
As mentioned above, transanal resection of rectal cancer was first performed by Jacques Lisfranc in 1826 
and was accompanied by a transanal or transperineal approach as a form of combined surgery. In 1983, 
transanal endoscopic microsurgery (TEM) was introduced by Gerhard Buess. The system is inserted into 
the anus using a metallic cylinder with a beveled end (proctoscope) of 40-mm diameter and can be operated 
using laparoscopic instruments under a three-dimensional view after setting. In 2010, Atallah et al.[6] 
introduced TransAnal Minimally Invasive Surgery (TAMIS), a hybrid of TEM and single port laparoscopic 
surgery. 

This type of operation is advantageous because it enters the surgical field of view at both the end lumen 
and the side wall of the intestinal tract, compared to the TEM, which has only the cylinder end area as the 
operation field and a relatively short port length. In addition, it is larger and can provide a free range of 
motion (ROM)[7]. 

Furthermore, experimental transanal total mesorectal excision (TaTME) surgeries were performed, mostly 
on swine or cadaver. In 2010, the first laparoscopic transanal TME was reported by Sylla et al.[8] after the 
first clinical application in 2009. They used a two-team approach, transabdominal and transanal. While 
the transabdominal team performed multiport laparoscopic colonic dissection and vessel ligation, the 
transanal team met in the middle with TaTME through the anus[8]. 

In 2013, Leroy et al.[9] and Zhang et al.[10] reported surgery for rectal lesions using natural orifice transluminal 
endoscopic surgery (NOTES) by transanal TME without transabdominal assistance. Leroy et al.[9] used TEO 
system and Zhang et al.[10] used soft single port. 

In 2014, Chouillard et al.[11] reported small series of transanal “down-to-up” TME without any form of 
abdominal assistance, namely the pure NOTES for rectal cancer. According to their experience, among the 
total trial of 16 patients, operations on 10 patients could be finished by pure NOTES. 

Since then, TaTME approaches to rectal cancer have been developed in various ways around the world. 
In addition, some trials have already been made to combine robotic surgery. Recently, the pure NOTES 
method for rectal cancer has been further developed. We performed transanal total proctocolectomy with 
IPAA for triple colorectal cancer without abdominal assistance in 2017. This may be the end point or final 
goal of minimally invasive surgery[12].
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CONCERNS ON TRANSANAL APPROACH
TAMIS
Natural orifice specimen extraction
When the operation is performed by the transanal approach, the specimen should be discharged through 
the anus. In addition, transanal or transvaginal extraction is possible after conventional laparoscopy 
using the transabdominal approach. In the case of benign lesion or specimen by local excision, it is easy 
to remove, but, when the lesion itself is large or the specimen is bulky by TaTME, transanal extraction 
is relatively impossible due to the condition of anal sphincter (specimen-sphincter mismatch). In this 
case, it is necessary to switch to transabdominal extraction. In some cases, it can be safely removed by 
gentle and slow dilation; otherwise, excessive removal can cause sphincter injury and eventually lead to 
dysfunction[13,14]. 

While transanal extraction has the advantage that it can be applied irrespective of gender, transvaginal 
extraction is only possible in women and in some cases. It is also known that the rate of protective 
ileostomy is higher because of the relatively difficult incisions and the associated complications during the 
removal of the extract[15]. 

However, there are advantages in that relatively large extracts, for example those after RHC, can be taken 
out without large incisions and sphincter injury can be avoided[16]. 

Technical notes
Initially, a combination of surgical glove and wound protector was rolled down to create a homemade type 
port. Later, readymade ports were introduced, and the SILS port, OCTO port, and mini port were used, 
sequentially. Recently, however, a combination of Globe port and PPH’s circular anal dilator has been used. 
This combination is easier and cheaper to install than the TEM system, and it is also superior in terms of 
view, as it can see the side of the view that cannot be seen in the TEM system at the same time. It is also 
advantageous for technical manipulation, as Atallah explained, with much more freedom and wider scope 
of application (ROM). 

Instead of an Airseal system, a homemade reservoir system using surgical gloves can be manufactured 
easily and quickly. In this case, it is useful to secure a stable operative field at no additional cost [Figure 1].

TAMIS is a single port laparoscopic surgery format. Therefore, an inevitable jam is caused because the 
narrow space must be shared with the camera assistant. This is inconvenient for both the operator and 
the assistant. The answer to this inconvenience is solo surgery. The camera holder can be secured to the 
bed rail and the procedure can be performed without an assistant according to operator’s own control and 
fixed focus [Figure 2].

The level of lesion available with this type of surgery (TAMIS) is commonly considered as mid or low 
rectal lesion. In practice, however, techniques such as access and excision are possible for lesions that 
exist at higher heights. The peritoneal reflection is usually regarded as a height equivalent to the second 
Houston valve level with some variation. Proximal lesions at higher heights are more likely to be perforated 
when resected into the whole layer, and infiltration of air into the abdominal cavity may cause difficulty 
in securing a stable field of vision and maintaining a stable surgical field. There is also a possibility of 
contamination.

Given the structure of the peritoneal reflex, the probability of perforation is relatively high, especially in 
lesions present in the anterior aspect. 



Once perforation occurs, suture is possible even under TAMIS conditions, so it can be repaired by 
transanal manipulation. However, if the injury is large or there is already contamination of the abdominal 
cavity by the intestinal contents, repair and lavage may be necessary by the transabdominal approach. In 
this case, a single port laparoscopic procedure is usually preferred. Once the transabdominal approach is 
added, the length of stay is usually longer. 

Figure 1. Surgical gloves as a reservoir. Powder free surgical glove can be used as a reservoir instead of Airseal system. Using a pair of 
gloves is good enough and provides stable pneumo-rectum/pelvis during transanal procedures

Figure 2. Solo surgery using a camera holder. Inevitable jam during single port laparoscopic surgery can be solved by applying the solo 
surgery. With the help of a camera holder fixed to rail of bed, the operator can use the space freely for stable procedures
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Patient position is also important in TAMIS surgery. In general, it is true that positioning the lesion at the 
bottom is convenient and advantageous for surgery. However, it is not necessary to vary the position of the 
patient to place the lesion at 6 o’clock as in TEM conditions, or to adjust the system to center the field of 
vision during surgery.

Wherever the lesion is located under the lithotomy position, it is relatively easy to access, but some authors 
still mention that the prone position is helpful for anterior proximal lesions[17]. 

Albert et al.[18] first suggested that the lesions be placed below when introducing the TAMIS, but a recent 
publication stated that lithotomy position could resolve all lesions. 

Even in malignant lesions, local recurrence rate is low in lesions within T1, but local recurrence rate is 
significantly increased in T2 lesions.

NCCN guidelines for rectal cancer: local excision 
Current guidelines for local excision of rectal cancer, e.g., the criteria for including the use of TAMIS, are 
based on long-term survival and outcome data. National guidelines recommend transanal local excision 
of only those T1N0 rectal cancers that meet the following criteria: < 30% circumference of bowel, < 3 cm 
in size, > 3-mm margins, mobile, nonfixed, within 8 cm of anal verge, endoscopically removed polyp 
with cancer or indeterminate pathology, no negative pathologic features such as lymphovascular or 
perineural invasion, no evidence of lymphadenopathy on pretreatment imaging, and tumors that are well 
to moderately differentiated. Furthermore, they recommend that local excision of more proximal lesions 
would be technically feasible using transanal microscopic surgery or TAMIS[19]. 

FUTURE AND THE FINAL GOAL OF TRANSANAL MINIMALLY INVASIVE SURGERY 
NOTES for rectal cancer
When the pelvic delamination is complete through TaTME, this space can serve as a common path for 
access into the abdominal cavity. Under these conditions, various organs and intestines can be accessed 
from the abdominal cavity and surgical procedures can be performed. This is NOTES if the resulting 
extract is removed through the anus[20]. 

This procedure consists of three steps: anal, intraperitoneal, and second anal stage. In the first stage, 
TaTME takes place. In the second stage, vascular and mesenteric dissection is performed simultaneously 
with colonic mobilization. If necessary, splenic flexure mobilization is also performed. Finally, in the third 
stage, specimen pull through, transection, and anastomosis occur [Figure 3].

However, to approach the intraperitoneal through the transanal approach, there are some challenges that 
must be considered as well as some difficulties to overcome in the technical aspect. First, the condition of 
the anal sphincter should be compared with the characteristics of the lesion. The anus should be sufficiently 
intact and allow for safe passage of the extract, including the lesion. The second is the prominence of pelvic 
promontory. Usually, the transanal approach to inferior mesenteric artery (IMA) and inferior mesenteric 
vein (IMV) is possible without major difficulties. However, in some older patients, there are severe bends 
and protrusions of the pelvic promontory. This acts as a major obstruction to accessing the abdominal 
cavity and, in severe cases (in cases where it is impossible to attempt a straightening of the spine by 
changing the patient’s position), a transabdominal approach should be added. Third, long shafted devices 
should be prepared for possible splenic flexure mobilization, as well as smooth manipulation of IMA and 
IMV. Commercially available laparoscopic instruments can reach up to 46 cm. If further distances are 
predicted from the patient’s radiology data, surgery by NOTES should be considered difficult [Figure 4].
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In addition, NOTES-style surgery may be difficult under conditions such as redundancy of the colon 
length, anatomical variation, and surgical history including urological gynecology, and it is difficult to 
predict the future, such as severe natural adhesion of the colon to the left low quadrant (LLQ) area or 
excessive extension. Care should be taken to prevent or reduce the possibility of soiling or spillage. The 
author’s method is to use a Lap-bag (Endo-catch bag). With sufficient TME in the pelvic cavity, entry into 
the abdominal cavity is necessary for further dissection and progression. At this time, an incision is made 
in the anterior peritoneal reflexion through the abdominal cavity and pushed into the abdominal cavity 

Figure 3. Three steps of pure NOTES. Pure NOTES consist of three steps: anal (anorectal), intracorporeal, and second anal step. 
According to each step, TaTME, CME + CVL, and anal completion are performed, respectively. Anal completion can be done by finishing 
of pull through, transection of specimen, and anastomosis. NOTES: natural orifice transluminal endoscopic surgery; TaTME: transanal 
total mesorectal excision; CME: complete mesocolic excision; CVL: central vascular ligation
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with a rectal stump in the Lap-bag. This prevents soiling or spillage and at the same time improves the field 
of view because the rectal stump, including the lesion, is out of the center of the field of view [Figure 5].

In general, Hemo-loc or clip is usually used for ligation of IMA or IMV in laparoscopic surgery. However, 
when implementing transanal NOTES, a series of operations such as loading, entering, and firing must 
be performed several times in succession, and the moving range is relatively long. In this process, there is 
the possibility of damaging surrounding organs or tissues by blindly reciprocating a fairly long section. 
In contrast, when an energy device with a good sealing effect is used, the procedures can be carried out 
continuously by using “Overlapping sealing technique” in the field without repeating the work carried out 
during use of Hemo-loc or clips. Sealing power and security are also firm and safe enough. This can be said 

Figure 4. Considerations in pure NOTES. Preoperative considerations are anal sphincter condition (A), pelvic promontory (B), distance to 
splenic flexure (C), operative history, etc. NOTES: natural orifice transluminal endoscopic surgery; LLQ: left low quadrant 

Figure 5. Lap-bag application. Especially Lap-bag should be considered for prevention from soiling and spillage during intraperitoneal step 
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to be a reasonable advantage as it not only saves time but also reduces complications that can occur during 
entry and exit [Figure 6].

Reported case: transanal total proctocolectomy with IPAA
In February 2017, we performed transanal total proctocolectomy with IPAA without abdominal assistance in 
patients with triple colorectal cancers (ascending, sigmoid colon, and rectum) using pure NOTES[12] [Figure 7].

Case summary
A 70-year-old male patient without specific medical history was diagnosed with synchronous triple 
colorectal cancers (ascending colon, rectosigmoid colon, and rectum). We performed transanal total 

Figure 6. Overlapping sealing technique. Using of energy device instead of Hemo-loc or clip is beneficial to save time and reduce possible 
complications related with Hemo-loc or clip. “Overlapping sealing technique” may increase security. IMA: inferior mesenteric artery

Figure 7. Specimen and post-OP abdominal view. Even though a large-scale operation produces a bulky specimen, there is absolutely 
no visible operative incision or wound. Circles indicate Ascending colon cancer (A), Sigmoid colon ca (B), and Rectal cancer lesions 
respectively (C)
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proctocolectomy with ileal pouch-anal anastomosis. On preoperative MRI, there was no pelvic lateral 
lymph node, thus we did not need to perform chemoradiation therapy. After transanal dissection of the 
mesorectum, rectum was flipped into the intraperitoneal space for further dissection. In our setting, we 
used conventional laparoscopic instruments for most procedures and long-shafted instruments helped 
during mobilization of the splenic and hepatic flexures [Figure 8].

The entire specimen was extracted transanally. The ileal pouch was constructed intracorporeally using 
two cartridges of linear staplers and ileal pouch-anal anastomosis was performed using a 25-mm circular 
stapler. We did not create a defunctioning stoma. Total operating time was 328 min and blood loss was 
< 50 mL. These were based on anesthesiologist records. We harvested 61 lymph nodes, and one regional 
lymph node metastasis was found. The patient experienced temporary paralytic ileus, was discharged on 
Postoperative Day 10, and had no major complications. The patient received antidiarrheal drug but had no 
incontinence. The patient refused adjuvant chemotherapy. During the 32-month follow-up period, there 
were no recurrences or metastases during five colonoscopies and CT scans. This operation was performed 

Figure 8. Transanal hepatic and splenic flexure mobilization. These are somewhat unique afterviews of transanal hepatic and splenic 
flexure mobilization 
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in February 2017 and this pure NOTES transanal total colectomy has been the first case and is a unique 
case thus far.

NOTES for intraperitoneal organs
NOTES methods for accessing the abdominal cavity may include transanal and transvaginal routes, and, 
especially in patients with stoma, the stoma may be recognized as one of the natural openings. For the 
transanal approach, matching between the specimen size including the mass and the accommodation of 
the sphincter is important, and, for the transvaginal approach, virginity or parity can be an important 
consideration. The transvaginal approach is advantageous for the extraction of quite large specimens, 
especially specimens made with en-bloc resection. It also has an advantageous approach in terms of angle 
with the abdominal cavity. Postoperative sutures may also be easier than intestinal anastomosis performed 
by transanal access surgery, and relatively less burden on leakage. In patients with stoma, the stoma can 
be recognized as one of the natural openings in a broad sense. The abdominal cavity can be accessed by 
taking down the stoma or partial splitting the margin of the stoma without inflicting any other wound. 
This is done by performing a single laparoscopy and finishing again with stoma to maintain the same 
condition as before.

In other surgical areas, various NOTES-type surgeries are newly introduced and performed. Surgery 
for various organs and intestines in the abdominal cavity is ultimately developing as absolutely scarless 
surgery. Some of them are already making significant progress, and, in cancer surgery, homework remains 
a matter of approach and adherence to oncological laws as in any surgery. 
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Abstract

Aim: The use of robotic-assisted laparoscopy seems fully adapted to pelvic surgery. However, few studies focus on 
robotic-assisted abdominoperineal resection (RAAPR). The aim of this study was to assess the feasibility, short-
term postoperative outcomes, and pathological results of RAAPR. In addition, we provide a detailed description of 
the operative procedure and a brief review of the current literature.

Methods: Between January 2013 and April 2018, we performed a total of 428 robotic surgeries, including 294 
colorectal resections (68.7%). Data were prospectively collected and included demographics, intraoperative 
findings, postoperative outcomes, and pathological data. For this study, we included the first 20 consecutive 
RAAPRs performed with the four-arm da Vinci Si surgical system (Intuitive Surgical Inc., Sunnyvale, CA, USA). 

Results: Twenty patients (nine men) with a mean age of 68 years and a mean BMI of 24.5 ± 5.0 kg/m2 underwent 
RAAPR for low rectal adenocarcinoma (80%) or squamous cell carcinoma of the anal canal. Sixteen (80%) patients 
underwent preoperative pelvic radiotherapy and eight (40%) had a history of previous abdominal surgery. Mean 
operative duration was 218 ± 52 min. There was no conversion to open surgery. Mortality, reoperation, and morbidity 
rate were 5%, 25%, and 60%, respectively. Three (15%) patients presented perineal complications. Mean length of 
hospital stay was 20 days. Three (15%) patients had pT4 tumor. Mesorectal excision was considered complete in 
90%. On average, 16.5 ± 7.2 lymph nodes were retrieved.



Conclusion: RAAPR is feasible, with acceptable pathologic and short-term outcomes. The current literature does 
not demonstrate significant differences between robotic and laparoscopic APR. Indeed, we cannot justify its use in 
routine on the basis on the available evidence.

Keywords: Abdominoperineal resection, total mesorectal excision, robotic surgery, feasibility, rectal cancer, anal 
cancer

INTRODUCTION
The frequency with which abdominoperineal resection (APR) is performed has dramatically decreased 
over the last decade, mostly due to technical advances, the need for shorter distal margins, and oncological 
therapeutic progress[1,2]. Despite this, APR remains the appropriate approach for rectal cancers with 
involvement of the sphincter complex or that cannot be removed with sufficient distal resection margins, 
and for elderly with poor baseline functional status[2]. Finally, APR remains the standard treatment for 
persistent or recurrent squamous cell carcinoma of the anal canal after chemoradiotherapy[3]. 

Minimally invasive rectal surgery (MIRS) is a challenge[4]. The reported high conversion rates and the 
risks of positive circumferential resection margin (CRM) are thought to reflect the high level of difficulty 
associated with MIRS[5]. The fulcrum effect is one of the factors incriminated in the difficulty of MIRS, 
as it results in reduced motion ranges, especially inside the pelvis[6]. A robotic-assisted approach could 
potentially overcome some of the limitations of conventional laparoscopic rectal surgery[7]. However, few 
studies focus on robotic-assisted APR (RAAPR), and most are retrospective. Thus, the aim of this study 
was to provide a detailed description on the operative procedure, and to assess the feasibility, pathological, 
and short-term outcomes of the first 20 RAAPR in a high-volume center. 

METHODS
Patients’ selection and preoperative management
All consecutive patients undergoing RAAPR in our department from January 2013 to April 2018 were 
prospectively included. Patients with distant metastases were not excluded. Preoperative tumor staging 
assessment included colonoscopy; pelvic MRI; endorectal ultrasound when indicated; and thoracic, 
abdominal, and pelvic injected CT scan. Neoadjuvant treatment was planned according to the French 
guidelines[8] after multidisciplinary staff discussion.

Postoperative care and follow-up
Histopathological mesorectal grade was classified according to Quirke et al.[9]. All patients were started 
on clear liquids at postoperative day 1, and then a soft diet on passage of gas in the stoma bag. Particular 
attention was made to the perineal wound healing. Patients were discharged once their pain was controlled 
on oral analgesics and when the healing of the perineal wound was considered satisfactory. No patient 
was included in any “Enhanced Recovery After Surgery” protocol. Surgical complications were evaluated 
during the 30-day postoperative period and were graded according to Dindo and Clavien[10]. 

Statistical analysis
Demographic data, operative parameters, and pathologic outcomes were recorded in a prospectively 
collected database. Quantitative variables were expressed as means (± standard deviation) and qualitative 
variables as frequencies (percentages). Statistical analyses were performed using SPSS (IBM SPSS Statistics, 
Version 23 for Macintosh; IBM Corp., Armonk, NY, USA). 
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Robotic-assisted abdominoperineal resection technique
The technique described below used a totally robotic colorectal mobilization and consisted of an up-to-
down approach (abdominopelvic, pelvic and perineal procedures), with cylindrical extralevator APR, using 
the four-arm da Vinci® Si surgical system (Intuitive Surgical Inc., Sunnyvale, CA, USA). The patient was 
placed in the lithotomy position, and the legs were placed in stirrups, in a 20° tilted Trendelenburg and 
right-roll position. Transurethral or suprapubic catheter was placed.

Port placement
Seven ports were usually used, including one 12-mm endoscope port, four 8-mm robotic operative ports, 
and one 12-mm and one 5-mm laparoscopic ports for the assistant, with the cart placed obliquely at the 
left antero-superior iliac spine [Figure 1A]. The 12-mm endoscope port was introduced through an infra-
umbilical incision; a 30° endoscope was used for the abdominopelvic procedure, and then switched for a 0° 
endoscope for the pelvic dissection. One 8-mm robotic port was placed at the level of the xyphoid process 
(Arm 2, abdominopelvic phase), another one in the right iliac fossa (Arm 1, abdominopelvic and pelvic 
phases), another in the left iliac fossa (Arm 3, abdominopelvic and pelvic phases), and the last in the left 
flank (Arm 2, abdominopelvic phase) [Figure 2]. A 5-mm laparoscopic port for the assistant was placed 
above the pubis and a 12-mm laparoscopic assistant port was placed in the right flank [Figures 1 and 2]. 
The xyphoidian 8-mm port could be shifted in the right hypochondrium and the left f lank 8-mm port 
could be placed in the left hypochondrium [Figure 1B].

Exploration and robot docking
The peritoneal cavity was explored to evaluate the presence of distant metastases (liver and peritoneal 
carcinomatosis). Adhesiolysis was performed laparoscopically if needed. The omentum was retracted to 
the supramesocolic compartment and the small bowel was retracted in the right side of inferior mesenteric 
vein axis in order to visualize the Treitz angle. The 30° camera was placed in the 12-mm port in the infra-
umbilical region, and robotic Arms 1-3 were placed in the right lower quadrant port, in the subxiphoid 
port, and in the left iliac fossa port, respectively.
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Figure 1. Port placement for robot-assisted abdominoperineal resection: operative view with all ports installed (A); and alternative 
placements of the ports (B). A: assistant port; E: endoscope port



Abdominopelvic procedure
The APR started with a medial to lateral approach. The mobilization of the splenic flexure and the ligation 
of the inferior mesenteric vein at its origin were usually not necessary. The peritoneum was incised at the 
level of the sacral promontory. The avascular presacral plane was entered, and this plane was developed 
identifying the origin of the inferior mesenteric artery and the left ureter. During this phase, dissection 
was performed using monopolar curved scissors (Arm 1), with tissues held by a Cadiere forceps (Arm 3), 
while the mesocolon was retracted using a fenestrated bipolar forceps (Arm 2). The superior rectal artery 
was ligated at its origin from the inferior mesenteric artery using a laparoscopic clip applier and cut. The 
mesenteric dissection was continued to the pelvic cavity along the prehypogastric fascia, preserving the 
pelvic autonomic nerves. The lateral approach was then performed with the incision of the Toldt’s line, 
allowing complete sigmoid colon mobilization. The dissection was continued to the level of Gerota’s fascia 
or the gastrocolic ligament, depending on the length of the sigmoid colon, and caudally to the level of the 
left peritoneal reflection. If the omentum was consistent, omentoplasty could be prepared by cutting right 
gastroepiploic vessels and mobilizing the omentum up to the left gastroepiploic pedicle.

Pelvic procedure
The pelvic procedure continued with TME. At this point, the switch of ports was required to carry on the 
procedure: Arm 2 was retrieved from the subxiphoid port and placed on the left iliac fossa port [Figure 2]. 
The pelvic dissection proceeded posteriorly first with the opening of the avascular presacral plane, then 
laterally, and finally anteriorly. Arm 3 was used for retraction, and Arms 1 and 2 were used to develop 
a plane of dissection between the presacral plane and the mesorectum until the Waldeyer fascia at the 
level of the anorectal junction. The rectal proper fascia was identified and preserved, and dissection was 
performed using robotic monopolar scissors. Then, lateral mesorectal dissection was performed. Particular 
attention was made to preserve hypogastric nerves. After the incision of the peritoneal reflection, lateral 
pelvic attachments were divided distally, until the levator ani. Lastly, the anterior mesorectal dissection was 
performed. The lateral peritoneal incisions were connected anteriorly at the recto-uterine pouch in women 
and rectovesical recess in men. Using Cadiere forceps to retract the urinary bladder and seminal vesicles, 
dissection was made to separate the rectum from the seminal vesicles and prostate or vagina through 
the Denonvillier’s fascia, followed by separation of the levator muscles. When pelvic f loor was reached 

Figure 2. Port placement for robot-assisted abdominoperineal resection, in the abdominopelvic phase and in the pelvic phase. A: assistant 
port; E: endoscope port
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circumferentially around the rectum, the pelvic portion of the dissection was completed. The proximal 
portion of the colon was stapled and cut with an endostapler. A standard incision through the abdominal 
wall was then created at the intended colostomy site; the distal colon was brought through this incision; 
and the end colostomy was fashioned. 

Perineal procedure
The perineal procedure was performed as previously described for open approach, in the lithotomy 
position (except for one patient, for whom it was performed in prone position because of hip dysplasia)[11]: 
an elliptical incision was made around the anus outside the sphincter muscles. The ischiorectal fat was 
dissected until the levators plane was identified and cut. The section of the anococcygeal ligament gave 
access to the presacral space and the abdominal cavity. The specimen was extracted through the pelvic 
incision. Omentoplasty could be placed in the pelvic cavity at this point. The drains were positioned, and 
the perineal wound was closed. 

RESULTS
Patients’ characteristics
From January 2013 to April 2018, we performed a total of 428 robotic procedures, among which 294 
colorectal resections (68.7%), including 20 consecutive RAAPR. We included nine men (45%). Mean age 
was 68.5 ± 14.1 years and mean BMI was 24.5 ± 5.0 kg/m2. Eight (40%) patients had prior abdominal 
surgery (appendectomy in four patients, cholecystectomy in three patients, and suture repair of a 
perforated duodenal peptic ulcer in one patient). The majority of patients underwent APR for low rectum 
adenocarcinoma and 17 (85%) patients received preoperative treatment. Demographic data are summarized 
in Table 1.

Operative characteristics
All patients underwent robotic-assisted rectal resection with TME and cylindrical extralevator APR 
with total excision of the levator muscle. The mean total operating duration was 218.1 ± 52.5 min. Mean 
operative console time was 96.2 ± 48.0 min and perineal approach duration was 50 ± 30.0 min. Four 
robotic arms were used in 80% of the cases. Six ports were used in 70% of the patients. Fifteen (75%) 
procedures required robotic arm realignment. Six (30%) patients with fatty mesocolon required left colonic 
mobilization with section of the inferior mesenteric vein at its ending at the bottom edge of the pancreas, 

Overall (n  = 20)
Male (%) 9 (45)
Age in years (mean ± SD) 68.5 ± 14.1
Age ≥ 75 years (%) 7 (35)
BMI in kg/m2 (mean ± SD) 24.5 ± 5.0
BMI > 30 kg/m2 (%) 2 (10)
BMI < 18 kg/m2 (%) 1 (5)
ASA score ≥ 2 (%) 17 (85)
History of prior abdominal surgery (%) 8 (40)
Indication of APR
   Low rectum adenocarcinoma (%) 18 (90)
   Epidermoid carcinoma of the anal canal (%) 2 (10)
Pretreatment T4 tumor (%) 5 (25)
Neoadjuvant treatment 17 (85)
   Chemotherapy (%) 1 (5)
   Radiotherapy (%) 4 (20)
   Radio-chemotherapy (%) 12 (60)

Table 1. Preoperative characteristics

Abdalla et al. Mini-invasive Surg 2019;3:39  I  http://dx.doi.org/10.20517/2574-1225.2019.38                                        Page 5 of 11

BMI: body mass index; APR: abdominoperineal resection



and splenic flexure mobilization for three (15%) of them. Specimen retrieval was conducted through the 
perineal incision in 95% of the patients and all had terminal colostomy. Associated omentoplasty was 
performed in five (25%) patients. The following associated procedures were performed in six (30%) patients: 
incisional hernia repair (n = 1), resection of an ovarian cyst (n = 1), partial resection of the posterior wall 
of the vagina (n = 1), partial prostatectomy (n = 1), partial resection of the posterior wall of the prostatic 
urethra and urethroplasty (n = 1), and partial sacrectomy (n = 1). No conversion to open surgery was 
required in this series. Macroscopic intraoperative tumor effraction occurred in one patient (5%). Mean 
intraoperative blood loss was 297 mL. Intraoperative variables and outcomes are summarized in Table 2.

Postoperative outcomes
One patient (5%) died at Postoperative Day 14 because of respiratory failure in the context of septic shock 
secondary to a Clostridium difficile colitis. Morbidity rate was 60%, with seven (35%) medical complications 
and nine (45%) surgical complications. Six patients (30%) presented a severe complication (Dindo-Clavien ≥ 
3), which required reoperation in five (25%). Perineal wound complication occurred in three (15%) patients 
who presented complete disunion of the perineal wound and required iterative vacuum therapy until 
complete healing. These three patients had undergone preoperative 45 Gy pelvic irradiation and two of 
them had omental pedicle flap placement. The duration of hospital stay for these three patients was 29, 65, 
and 66 days, respectively. Four (20%) patients presented pelvic abscesses, which were treated conservatively 
by antibiotherapy. Two patients (10%) had ureteral fistula (one patient required reoperation and ureteral 
reimplantation, and the other was conservatively treated by ureteral catheter placement). The mean hospital 
length of stay was 20.4 days. Postoperative outcomes are summarized in Table 3.

Overall (n  = 20)
Total operative duration in minutes (mean ± SD) 218.1 ± 52.5
Operative console time in minutes (mean ± SD) 96.2 ± 38.3
Proctectomy duration in minutes (mean ± SD) 96.2 ± 48.0
Perineal approach duration in minutes (mean ± SD) 50 ± 30
Number of robotic arms
   3 arms (%) 4 (20)
   4 arms (%) 16 (80)
Number of ports
   4 ports (%) 3 (15)
   5 ports (%) 2 (10)
   6 ports (%) 14 (70)
   7 ports (%) 1 (5)
Necessity of robotic arm realignment (%) 15 (75)
Number of robotic arm realignment
   1 robotic arm realignment (%) 3 (15)
   2 robotic arm realignments (%) 12 (60)
Splenic flexure mobilization (%) 3 (15)
Section of the inferior mesenteric vein (%) 6 (30)
Section of the inferior mesenteric artery (%) 11 (55)
Total mesorectal excision (%) 20 (100)
Specimen retrieval site
   Perineal incision (%) 19 (95)
   Supra-pubic incision (%) 1 (5)
Omental pedicle flap placement (%) 5 (25)
Associated procedures (%) 6 (30)
Pelvic drainage (%) 20 (100)
Conversion to open (%) 0
Intraoperative complications (%) 2 (10)
   Bleeding (%) 1 (5)
   Tumor effraction (%) 1 (5)
Intraoperative bleeding in mL (mean ± SD) 297.5 ± 420.0

Table 2. Intraoperative characteristics
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Pathologic outcomes
Pathological results are presented in Table 4. A complete pathologic response was observed in one patient 
(5%). Three patients (15%) presented a pT4 tumor on final pathological report. On average, 16.5 lymph 
nodes were retrieved. The mean tumor size was 4.6 cm. Mesorectum was complete in 18 patients (90%). 

DISCUSSION
Our study showed that RAAPR is feasible, with satisfying pathological results and acceptable postoperative 
outcomes. 

During the last decade, the use of the robotic system has progressed[12]. Proctectomy can be technically 
hazardous with the straight instruments and limited retraction provided by laparoscopy. Robotic-assisted 
pelvic dissection can be potentially associated with better autonomic nerve preservation, lower conversion 
rate, and less blood loss[13]. Despite its theoretical advantages, the benefits of the mini-invasive approach 
compared to open surgery in rectal surgery are still under debate, and it is even more questionable for the 
robotic approach[14]. Indeed, the only existing randomized clinical trial (ROLARR) comparing the robotic-
assisted vs. conventional laparoscopic surgery for rectal cancer showed that the robotic approach did not 
significantly reduce the conversion rate[15]. There were also no differences between the two groups in terms 
of intraoperative complications, postoperative mortality and morbidity, and positive CRM. The interest of 
robotic assistance in APR is even more challenging to demonstrate since very few studies in the literature 
focus on RAAPR [Table 5]. We found only four studies that included more than 20 patients: three studies 
compared RAAPR to open APR[16,17] or to open APR and laparoscopic APR[18], and one non-comparative 
study[19] focused on RAAPR. The ROLARR trial, for its part, did not analyze the outcomes in its specific 
sub-population of 52 RAAPR.

Compared to the conventional laparoscopic approach, the benefits of the robotic upgraded handling on 
the patient outcomes are difficult to bring to light. Indeed, up to now, robotic assistance seems to remain 
equivalent to laparoscopy. In the current study, the operative duration was 218.1 ± 52.5, which is in line 
with the data in the literature [Table 5] and longer than laparoscopic APR[18]. No conversion was required 

Overall (n  = 20)
Mortality (%) 1 (5)
Morbidity (%) 8 (40)
Medical complications (%)* 7 (35)
   Urinary tract infection (%) 5 (25)
   Acute urinary retention (%) 2 (10)
   Malnutrition (%) 2 (10)
   Pulmonary infection (%) 1 (5)
   Septic shock (%) 1 (5)
   Clostridium colitis (%) 1 (5)
   Ileus (%) 1 (5)
Surgical complications (%)* 9 (45)
   Pelvic abscess (%) 4 (20)
   Perineal wound disunion (%) 3 (15)
   Ureteral fistula (%) 1 (5)
   Incisional abscess (%) 2 (10)
Clavien-Dindo > 2 (%) 6 (30)
Complications requiring reoperation (%) 5 (25)
Hospital length of stay in days (mean ± SD) 20.4 ± 17.1
Hospital length of stay > 7 days (%) 17 (85)

Table 3. Postoperative outcomes

*Several patients presented more than one complication
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in our study and Moghadamyeghaneh et al.[18] showed a significantly decreased conversion rate for RAAPR 
compared to laparoscopic APR (5.7 vs. 13.4%).

The robotic approach presents technical drawbacks, mostly associated with the loss of haptic feedback. 
Actually, despite the massive help of the immersive 3D overview, vibration, pressure, or shearing forces 
are not always apparent[13]. A recent analysis of 509,029 patients who underwent elective colectomy in the 
United States from 2009 to 2012 showed that the rate of iatrogenic complications was increased for robotic 
surgery[20]. 

Noteworthy, the results presented here are worse than our previously published results for sphincter-
saving procedures[21]. The morbidity rate was 60%, with mainly perineal wound disunions and urinary 
complications. The mean length of hospital stay was three weeks, which is longer than in other studies in 
the literature [Table 5]. In this series, no patient was included in any “Enhanced Recovery After Surgery” 
program, and perineal wound complications were associated with longer hospital stay. Indeed, three 

Overall (n  = 20)
Tumor regression grade (n  = 15)
   No response (%) 3 (25)
   Minimal (%) 7 (35)
   Moderate (%) 3 (25)
   Near total (%) 1 (5)
   Complete (%) 1 (5)
Tumor histology
   Adenocarcinoma (%) 18 (80)
   Epidermoid carcinoma (%) 2 (10)
pAJCC stage
   Stade 0 (%) 1 (5)
   Stade I (%) 1 (5)
   Stade II (%) 6 (30)
   Stade III (%) 10 (50)
   Stade IV (%) 2 (10)
pT-category
   pT0 (%) 2 (10)
   pT1 (%) 0
   pT2 (%) 2 (10)
   pT3 (%) 13 (65)
   pT4 (%) 3 (15)
pN-category
   pN0 (%) 10 (50)
   pN1 (%) 4 (20)
   pN2 (%) 6 (30)
pM-category
   pM0 (%) 18 (90)
   pM1 (%) 2 (10)
Number of retrieved lymph nodes (mean ± SD) 16.5 ± 7.2
Number of metastatic lymph nodes (mean ± SD) 1.9 ± 2.9
CRM positive, ≤ 1 mm (%) 4 (20)
CRM depth in mm (mean ± SD) 2.3 ± 1.9
Tumor perforation (%) 2 (10)
Mesorectal grade
   Incomplete (%) 1 (5)
   Nearly complete (%) 1 (5)
   Complete (%) 18 (90)
Distal margin in cm (mean ± SD) 3.2 ± 1.9
Tumor size in cm (mean ± SD) 4.6 × 3.9 ± 0.3

Table 4. Pathologic outcomes
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among whom two patients had a pT4 tumor. In our study, postoperative positive CRM was not suspected 
in the preoperative oncologic assessment for these patients. However, this high rate of positive CRM raises 
the issue of preoperative patients’ selection. Upfront open APR could be chosen over RAAPR according to 
parameters that take into account the specificities of the robotic approach.

Any proposal for the routine utilization of robotic assistance in surgery requires a proof of clinical benefit, 
while considering the associated full set of costs. Indeed, even if MIRS has been shown to be associated 
with lower morbidity rate, reduced pain, and early return to work, there are not enough data to state that 
oncological results are equivalent[14]. Added to the difficulty in proving its clinical benefits, the use of 
robotic approach in APR outside clinical studies remains questionable. 
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Abstract

Gynaecomastia is a benign clinical condition that can occur in men of all ages, attributed by the proliferation of 
glandular tissue. Most patients are asymptomatic while symptoms ranging from mild discomfort to severe pain can 
present in patients with gynaecomastia. In addition to these, this condition may affect the psychological well-being 
of patients leading to a need for further treatment. Medical treatment of primary gynaecomastia in the form of 
anti-oestrogen therapy has not been proven to be effective and there is no consensus regarding the drug of choice 
or optimal duration of treatment. Surgical treatment is usually the standard treatment in primary gynaecomastia. 
There have been various techniques described in the literature with the aim of restoring a pleasant chest shape 
with limited scar on incision. Most of the techniques however involve the use of a peri-areolar or a Wise pattern 
incision, which can be obvious, especially in patients with a tendency to scar badly. The authors describe a novel 
approach, whereby a single-port endoscopic subcutaneous mastectomy using the three-dimensional endoscopic 
system with incision placed along the anterior axillary line was performed for a patient with gynaecomastia and 
thereby conferring excellent aesthetic outcomes.

Keywords: Gynaecomastia, subcutaneous mastectomy, endoscopic, endoscopic-assisted, three-dimensional, single 
port, insufflation 



INTRODUCTION
Surgical techniques in gynaecomastia treatment have evolved over the years towards less invasive 
approaches such as liposuction[1]. However, in patients with larger amount of tissue or ptotic breast, 
subcutaneous mastectomy is still more effective in removing excess glandular tissue[2]. The downside 
to subcutaneous mastectomy are the resulting large, long and often unsightly scars[3]. Endoscopic 
subcutaneous mastectomy has been described in the literature[4,5] where it is commonly performed via 
three incisions along the mid-axillary line or a single incision in the axilla and the specimen will be 
morcellated and suctioned out thereafter. Single-port nipple-sparing mastectomy using three-dimensional 
(3D) endoscopic system in the management of breast cancer was recently reported[6] and the authors 
describe the advantage of enhanced 3D visualisation in the conduct of the operation, allowing precise 
plane recognition and dissection. In this article, the authors describe the use of single-port 3D endoscopic-
assisted subcutaneous mastectomy in the management of gynaecomastia. 

TECHNIQUE
Preoperative markings and positioning
Preoperative markings were performed with the patient in standing and sitting position [Figures 1 and 
2]. Extent of dissection was determined with comparison to the contralateral (non-gynaecomastia) side. 
Under general anaesthesia, patient was then placed in a supine position with ipsilateral arm abducted at 
90° [Figure 3]. The ipsilateral shoulder was then elevated to 30° to facilitate access for the operation. 

Tumescent injection
Methylene blue gel was used to mark the extent of dissection to aid in identification during subsequent 
endoscopic dissection. A saline solution containing lignocaine 0.05% and epinephrine 1:1,000,000 was 
injected subcutaneously into the whole breast to minimise bleeding.

Skin flap dissection
Following that, a 3-cm incision was made over the extra-mammary region near the anterior axillary line 
at the level of nipple areolar complex (NAC). A working space of 4-5 cm was created by dissecting the 
subcutaneous f lap under direct vision to allow subsequent placement of the single port. After creation 
of working space, subcutaneous tunnelling/blunt dissection of the anterior skin f lap with Metzenbaum 
scissors was performed to aid in subsequent skin flap dissection. Following that, posterior dissection of 
breast parenchyma off pectoralis major fascia was performed under endoscopic guidance with endoscopic 
vein harvester [Figure 4]. Thereafter, the single port was placed with CO2 insufflation kept at a pressure of 
8 mmHg. A 30° 10-mm diameter camera TIPCAM 1 S- 3D VIDEO Endoscope (KARL STORZ, Germany), 
5-mm laparoscopic Metzenbaum scissors, curved (Applied Medical, USA) and 5-mm laparoscopic grasping 
forceps were used to conduct the operation [Figure 5]. 

Endoscopic subcutaneous mastectomy
Endoscopic dissection commenced from superficial skin f laps in all quadrants with the septa between 
skin f lap and parenchyma dissected using laparoscopic Metzenbaum scissors [Figures 6 and 7]. During 
skin flap dissection, a 30° upward facing 3D endoscope with reverse imaging was used to produce a clear 
3D image. The angle and field of vision could be adjusted with upward, downward or reverse motion of 
the image by the 3D endoscope when deemed necessary. Tissue beneath the NAC were intentionally left 
thicker to prevent nipple retraction as well as preserve the blood supply to NAC, thereby reducing the risk 
of NAC necrosis [Figure 8]. With 3D visualisation, blood vessels could be clearly visualised and hence 
preserved [Figure 9]. After completion of superficial skin flap dissection, peripheral dissection was carried 
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Figure 1. Preoperative front views showing preoperative markings and right gynaecomastia. Extent of planned dissection was marked out 
(as shown by red markings)

out by retracting breast tissue to create sufficient working space and extent of dissection was based on 
preoperative markings and intraoperative blue dye gel [Figure 10]. After the completion of dissection, the 
entire breast specimen was removed intact through the incision and haemostasis secured. A three-point 
fixation of the NAC to underlying pectoralis major fascia was then performed with absorbable stitches. A 
closed suction drain was placed. 

Postoperative outcomes
Patient was discharged the next day and drain subsequently removed on Postoperative Day 5. Following 
the surgery, the patient was seen a month after surgery with excellent aesthetic outcomes [Figures 11-13].

CONCLUSION
Single-port 3D endoscopic subcutaneous mastectomy is a novel and aesthetically superior approach for the 
treatment of gynaecomastia if compared to conventional methods.



Figure 2. Preoperative lateral views showing preoperative markings and right gynaecomastia. Extent of planned dissection was marked 
out (as shown by red markings)

Figure 3. On-table view showing the planned incision

Figure 4. Endoscopic view showing the dissection of breast parenchyma off pectoralis major fascia
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Figure 5. On-table view demonstrating placement of single port and instruments before commencement of endoscopic subcutaneous 
mastectomy

Figure 6. Endoscopic view after CO2 insufflation demonstrating fibrous septa between skin flap and breast parenchyma

Figure 7. Skin flap dissection with fibrous septa taken down using laparoscopic curved scissors
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Figure 8. Thicker tissue beneath nipple areolar complex preserved to avoid nipple retraction and nipple areolar complex necrosis

Figure 9. Blood vessel supplying nipple areolar complex can be clearly seen under three-dimensional view

Figure 10. Extent of peripheral dissection guided by blue dye gel
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Figures 11. One-month postoperative front views showing excellent symmetry and aesthetic outcomes

Figure 12. One-month postoperative lateral view showing hidden incision
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Commonly-used abbreviations, such as DNA, RNA, ATP, etc., can be used directly without definition. Abbreviations in 
titles and keywords should be avoided, except for the ones which are widely used.

2.4.8 Italics
General italic words like vs., et al., etc., in vivo, in vitro; t test, F test, U test; related coefficient as r, sample number as n, 
and probability as P; names of genes; names of bacteria and biology species in Latin.

2.4.9 Units
SI Units should be used. Imperial, US customary and other units should be converted to SI units whenever possible. There 
is a space between the number and the unit (i.e., 23 mL). Hour, minute, second should be written as h, min, s.

2.4.10 Numbers
Numbers appearing at the beginning of sentences should be expressed in English. When there are two or more numbers 
in a paragraph, they should be expressed as Arabic numerals; when there is only one number in a paragraph, number < 10 
should be expressed in English and number > 10 should be expressed as Arabic numerals. 12345678 should be written as 
12,345,678.

2.4.11 Equations
Equations should be editable and not appear in a picture format. Authors are advised to use either the Microsoft Equation 
Editor or the MathType for display and inline equations.

2.5 Submission Link 
Submit an article via https://www.oaemesas.com/mis.



Mini-invasive Surgery
(MIS)

Los Angeles Office
245 E Main Street ste122, Alhambra, 

CA 91801, USA
Tel: +1 323 9987086

E-mail: editorialoffice@misjournal.net
Website: www.misjournal.net 


	mis-2019
	MIS-2019
	mis-editorial-board
	mis-2019-contents
	01-2941
	02-2946
	03-2967
	04-2986
	05-2990
	06-3002
	07-3020
	08-3021
	09-3036
	10-3038
	11-3044
	12-3051
	13-3068
	14-3076
	15-3082
	16-3112
	17-3113
	18-3122
	19-3123
	20-3157
	21-3158
	22-3165
	23-3176
	24-3190
	25-3202
	26-3219
	27-3222
	28-3228
	29-3236
	30-3237
	31-3246
	32-3260
	33-3264
	34-3268
	35-3269
	36-3284
	37-3285
	38-3286
	39-3299
	40-3300
	mis-author-instructions
	mis-2019-backcover




