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Abstract

The treatment of rectal cancer is evolving at a rapid pace in parallel with advancements in surgical technique. One
such advancement is the application of the laparoscopic platform to the transanal approach, coined transanal
minimally invasive surgery (TAMIS). TAMIS overcomes many of the shortcomings of the traditional transanal
approach to the local resection of rectal neoplasia, offering greater visualization and access to the middle and
upper rectum with improved oncologic outcomes. Following the introduction of conventional TAMIS, the robotic
platform was introduced and applied in analogous fashion. Over the past decade, data have accumulated enabling
the comparison of the two approaches most notably with regard to patient morbidity, mortality, and oncologic
outcomes. This review discusses the most recently available outcomes regarding conventional and robotic TAMIS
and provides a comparison of the two platforms in the treatment of rectal neoplasia. While randomized controlled
trials comparing the two platforms are lacking, important differences have been identified. Conventional TAMIS is
the more cost-effective approach while advancements in the robotic platform allow the surgeon to be seated and
ergonomically optimized, allowing greater visualization and ease of suturing. Differences in oncologic outcomes
between the two platforms have not been identified. Head-to-head randomized controlled trials are required to
determine if any differences in functional or oncologic outcomes exist.

Keywords: Rectal cancer, transanal minimally invasive surgery(TAMIS), laparoscopy, robotic surgery
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INTRODUCTION

Our understanding of rectal cancer is advancing at a rapid pace. Treatment options have expanded
requiring surgeons to be facile at not only traditional open surgery, but also minimally invasive techniques,
such as the laparoscopic and robotic platforms. Minimally invasive surgery techniques have been applied
not only to the intra-abdominal approach, but also transanal approach as well. Atallah, Albert and
Larach were the first to report this application in their seminal paper describing the approach of single-
port laparoscopy, coining the term transanal minimally invasive surgery (TAMIS) in 2009, TAMIS was
established to serve as an alternative to transanal endoscopic microsurgery (TEM). Both TEM and TAMIS
demonstrate superior oncological results over traditional transanal excision (TAE)[Z]. While TEM is safe
and effective for the treatment of early rectal cancer, its widespread use has been hampered by its high cost
of specialized instrumentation and steep learning curve'". TAMIS is a technique of single-port laparoscopy
enabling the use of widely used laparoscopic instruments with the access of TEM, with reduced cost and
possibly less trauma to the anal sphincter™. The TEM platform offers improved access to higher lesions
with retraction of the rectal valves.

INDICATIONS FOR TAMIS

The indications for TAMIS have traditionally followed the same guidelines as for open transanal excision
of rectal tumors set forth by the National Comprehensive Cancer Network (NCCN)M. Tumors should
be < 3 cm in size and encompass less than one-third of the circumference of the bowel lumen. However,
TAMIS overcomes many of these historical limitations of TAE by offering greater access to middle and
upper rectal lesions and improved visualization in a confined operating field. Lesion location is usually <
15 cm from the anal verge and because of the seating of the transanal platform (discussed below), tumors
less than 4 cm from the anal verge may require a hybrid approach with traditional TAE. Tumor pathology
must be favorable. Thus, benign disease (polyps without submucosal invasion or excisional biopsy for
masses of uncertain malignant potential) or uT1 malignant disease with favorable tumor characteristics (no
lymphovascular invasion, perineural invasion, or mucinous component) are appropriate”™”. TAMIS also
has a role in local excision following incomplete polypectomy to provide negative margins, as well as in
cases of palliative resection in patients who are unfit for total mesorectal excision (TME)"™. The quality of
local excision appears to be equally achieved as that by TEM"™. Following excision, if any high-risk features
are identified, such as sm3 invasion, lymphovascular invasion, or positive margins, further treatment is
recommended"". Notably, no negative effects are seen on oncologic outcomes for subsequent radical

. 12
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OPERATIVE OVERVIEW

TAMIS is traditionally performed under general anesthesia, but spinal anesthesia has also been
described ™. Advocates for spinal anesthesia have suggested that this modality offers more stable
pneumorectum due to improved rectal wall relaxation"”. Once the transanal port is inserted and
pneumorectum is established, the lesion is identified, and a 0.5-1.0 cm margin is marked circumferentially
using electrocautery. Either full thickness or submucosal dissection ensues. Once excised, the specimen is
oriented and sent to pathology. Pneumorectum is reestablished under slightly reduced pressure to allow for
closure of the defect"”. Should there be inadvertent intraperitoneal entry, standard laparoscopic abdominal
access can then be established with ports placed to assist with retraction for excision of the specimen as
well as closure of the defect'™"”. It has also been shown that the defect may be left open, in the absence of
peritoneal entry, and it is generally done if a tension-free repair is not deemed possible™. However, if left
open, there may be an increased risk of postoperative bleeding[w’zol. Although an increased risk of infection
may also be a concern with an open defect, this has not been conclusively shown"*".
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TECHNICAL DETAILS

Patients may be positioned according to surgeon preference. Some prefer to always position patients in
high dorsal lithotomy regardless of tumor location ensuring abdominal access, should there be inadvertent
peritoneal entry“’”’ls’“]. Others prefer patients to be positioned to allow the target lesion to be centered
at the 6 oclock position. Thus, patients with anterior tumors are placed in prone jackknife, and patients
with posterior tumors are placed in dorsal lithotomy'”****!, Lateral decubitus position is utilized for lateral
tumors™. Split-leg position is necessary to facilitate exposure in lateral decubitus or prone jackknife"”.

Multiple ports have been described and utilized. Currently, there are two FDA-approved devices. Atallah et al"
initially described TAMIS with a single-incision laparoscopic surgery port (SILS™ Port, Covidien,
Mansfield, MA), which is lubricated and introduced into the anal canal by steady manual pressure
anchoring just above the anorectal ring. Once in place, endoscopic access is gained and pneumorectum is
established. The SILS port is made of a soft, flexible thermoplastic elastomer allowing for conformity and
provides for three cannulas enabling instrumentation with commonly used laparoscopic instruments. It is
35 mm in diameter and 37 mm in length. The second FDA-approved port is the GelPOINT Path Transanal
Access Platform (Applied Medical, Rancho Santa Margarita, CA) and is the only disposable multichannel
port specifically designed for TAMIS™**". It comes in three access channel sizes: 4 cm x 4 cm, 4 cm x
5.5 cm, and 4 cm x 9 cm. The GelPOINT Path Long Channel is also available and allows reach of lesions
up to 15 cm from the anal verge, and for visually obstructed lesions at rectal folds"”. Similar to SILS, the
GelPOINT Path port is lubricated and seated into the anal canal with steady manual pressure. The SILS
port is advantageous for use in patients with narrow or fibrotic anal canals that prohibit the placement of
the GelPOINT Path"”. In addition to the SILS and GelPOINT Path ports, multiple other transanal ports
have been described [Table 1][11’”’“’17’18’21’25'29].

CONVENTIONAL TAMIS [TABLE 1]

In the 6 patients included in their initial publication, Atallah et al."’ described tumor locations ranging
from 6 to 11.5 cm from the anal verge, with operative times of 4 patients that were less than 60 min, one
patient of 121 min (difficulty maintaining insufflation) and another patient of 192 min (difficult anterior
intraperitoneal lesion). Set up times averaged less than 2 min per patient. One patient had positive margins
and underwent fulguration. There were no complications through six postoperative weeks, and all patients
were discharged by postoperative day two (average 0.83 days).

A systematic review was published in 2014 by Martin-Perez et al™ analyzing 33 retrospective studies and
case reports and 3 abstracts, amounting to 390 TAMIS procedures for local excision of rectal neoplasia
from 16 countries. Of these, 152 (39%) resections were performed for benign disease (adenomas and high-
grade dysplasia), 209 (53.5%) for malignancy (carcinoma in situ and invasive disease), and 29 (7.5%) for
other pathology. Average size of lesions was 3.1 cm (range 0.8-4.75 cm), mean distance was 7.6 cm (range
3-15 cm) from the anal verge. Twenty-five studies reported on margin positivity, present in 12 of 275 cases
(4.36%), and tumor fragmentation occurring in 4.1% of cases. Mean operative time was 76 min (range 25-
162 min). Nine of 390 cases required conversion to TAE, TEM or abdominal laparoscopy. Average length
of stay was 2 days. Complications occurred in 29 cases (7.4%), with 10 cases of self-limited bleeding and 4
cases of peritoneal entry. Recurrence was described in 16 publications, totaling 259 cases, and occurred in 7
(2.7%) cases at a 7.1-month mean follow-up"”.

Since these early studies, larger series have been published shedding more light on intermediate outco
mes'" 11?3270 The Jargest series to date was published by Lee et al."" in 2018, who reported their
intermediate outcomes in 200 consecutive resections in 196 patients. Notably, 185 (92%) of cases were

performed with laparoscopic instrumentation while 15 (8%) were performed with the da Vinci Si robotic
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system (Intuitive Surgical Inc., Sunnyvale, CA). Operations were performed with either the SILS port or
GelPOINT Path port. Indications for operation were benign rectal lesions not amenable to endoscopic
resection, namely low-grade neuroendocrine tumors £ 2 cm in diameter, node-negative c¢T1 rectal cancer
£ 3 cm in diameter, well-differentiated, and no lymphovascular invasion present. Palliative indications
included patients with more advanced cancer (cT2, c¢T3) or histologically unfavorable ¢T1 lesions who
were unwilling or unfit to undergo radical excision, and patients who exhibited endoscopic evidence of
complete clinical response following neoadjuvant therapy. Final surgical pathology revealed 90 benign
lesions and 110 malignant lesions. Notably, 11 of 110 patients with malignant lesions received neoadjuvant
therapy. Twenty patients had pT2-3 or ypT2-3 tumors and underwent subsequent radical resection,
received adjuvant treatment, or refused further treatment. Mean tumor size was 2.9 + 1.5 cm, and distance
from anal verge was 7.2 cm (range 2-17 cm). Fourteen patients (7%) had positive margins, of which 9
patients had malignant lesions. Eight of these 9 patients with malignancy were pT2 or higher and radical
resection was recommended. Ninety-five percent of specimens were submitted without fragmentation.
Mean operative time was 69.5 + 37.9 min. Defects were closed in 188 (94%) cases and were left open due to
the inability to obtain a tension-free closure. Peritoneal entry occurred in 8 (4%) cases, of which half were
amenable to closure by TAMIS while the other half required abdominal access. Intraoperative complication
rate was 8%. Morbidity was 11%, most commonly due to hemorrhage (9%), urinary retention (4%), and
scrotal or subcutaneous emphysema (3%). Three patients suffered major morbidity. One patient required
a diverting ileostomy for a symptomatic nonhealing rectal wound with fistula formation to the perineum.
One patient was readmitted on postoperative day 3 with significant perirectal inflammation which resolved
with medical management. One patient developed a rectovaginal fistula after a repeat TAMIS excision of a
local recurrence. This resolved with conservative management after two months. Most patients (76%) were
discharged following the procedure from the postanesthesia care unit. Mean follow-up for patients with benign
and malignant lesions undergoing TAMIS for curative intent was 13.6 + 17.3 months and 14.4 + 17.4 months,
respectively, with local recurrence rates of 3 and 6%, with distant metastases in 2%. Mean time to
recurrence following resection of both benign and malignant lesions was 17 months. Cumulative disease-
free survival for patients undergoing resection of benign neoplasms was 98, 94, and 94% and for malignant
neoplasms 96, 93, and 84% at 1-, 2-, and 3-year follow-up, respectively.

Keller et al.” published their series of 75 consecutive patients undergoing 76 resections. Indications
followed NCCN guidelines for TAE, as well as patients unfit or unwilling to undergo radical resection
for more advanced pathology. Median lesion distance from anal verge was 10 cm (range 6 to 16 cm). The
GelPOINT PATH or SILS port was used for access. Mean operative time was 76 + 36.1 min. Only 1 lesion
was fragmented. Inadvertent peritoneal entry occurred in 3 cases, with 2 of these 3 patients undergoing
creation of a protective loop ileostomy to assure healing. Postoperatively, there were 3 complications (4%);
one each of bleeding, rectovaginal fistula, and rectal stricture. One case was aborted after intraoperative
assessment deemed it unresectable by the transanal approach. Defects were closed in 69 cases, with
no complications noted in the 6 cases in which the defect was left open. There were no functional
complications noted following resection. Median length of stay was 1 day (range 0-6 days). Fifty-nine
resections were performed for benign disease, while 17 resections were performed for malignancy. Of
the malignant resections, final pathology yielded 4 pT2 lesions and 1 pT3 lesion, and all of these patients
underwent further treatment without apparent oncologic or technical compromise. There were 5 cases
of positive margins following resection, 3 of which were pT2 lesions, 1 pT1 lesion and 1 gastrointestinal
stromal tumor (GIST). Thus, an important point of emphasis in this study was the high rate of margin
positivity in T2 lesions, positive in 3 of 4 cases. Mean follow-up was 36.5 + 14.8 months. In the 17
malignant cases in the patients who did not undergo immediate radical resection, there was 1 recurrence
(5.8%), occurring locally at 9 months after excision. No mortalities were recorded during the study follow-
up period.
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ROBOTIC TAMIS [TABLE 2]

Following the utilization of standard and advanced laparoscopic tools for transanal surgery came the
application of the robotic platform to transanal surgery™**"*”. By utilizing the robotic platform, one can
take advantage of its three-dimensional imaging and multidegree movement which may be limited in
the narrow working space of the rectum. Tasks such as full thickness dissection and closure of rectal wall
defects that may otherwise be technically and ergonomically challenging laparoscopically might be more
easily performed. Robotic TAMIS allows the working surgeon to be seated and ergonomically optimized,
enabling greater ease of suturing[”]. It has also been suggested that the robotic platform permits better

. L. . . . . 23]
visualization and maneuverability, which may allow for more aggressive resection'”

Preclinical cadaveric studies began in 2010 and confirmed the feasibility of applying the da Vinci system and
illustrated the possibility of side or parallel approach to docking the da Vinci robotic cart™, Hompes et al.>>*!
applied a glove port, which they had previously described for TAMIS, for use with the robot. Creatively
designed, the port consisted of a circular anal dilator, a standard wound retractor, and a surgical glove
allowing for greater working room which minimized arm collisions””*"". The first human study was
published by Atallah et al.™, which described the resection of a 3-cm tubulovillous adenoma 7 cm from
the anal verge in a 58-year-old female. The patient was in modified lithotomy, and the GelPOINT port was
utilized, along with three arms of the da Vinci robot via 8-mm trocars placed in the port cannulas. The
robot was docked over the patient’s right shoulder. The defect was closed with a V-Loc 180 Absorbable
Wound Closure Device (Covidien, Mansfield, MA). Operative time was 105 min and there were no
complications. Initial publications following these initial experiences were primarily case reports, but since

then larger series have been published'*".

Hompes et al.® described their initial experience in 16 patients among three sites. One case required
conversion to TAMIS due to problems with the glove port. The da Vinci Si platform was utilized. Mean
docking and operative duration were 36 (18-75) and 108 (40-180) min, respectively. Patients were
positioned prone or left lateral depending on tumor location. Problems included tearing of the glove
in four procedures, which required replacement and subsequent completion. There were no cases of
peritoneal entry reported, and one patient developed pneumoperitoneum managed conservatively. One
patient developed urinary retention requiring catheterization. Median hospital stay was 1.3 days (0-4 days).
Positive margins were identified in 2 patients who were found to have more advanced lesions and
underwent further resection. No other complications occurred.

Liu et al.”® described the application of the newest robotic platform, the da Vinci Xi platform (Intuitive
Surgical Inc., Sunnyvale, CA), in 34 patients. Lesions were located from 2 to 15 cm from the dentate line
and up to 5.5 cm in diameter, average operative time was 100 + 70 min, and robotic console time was 76 +
67 min, with a docking time of 25 + 14 min. Most patients (n = 32) were positioned lithotomy versus prone
(n = 2). There were no intraoperative complications or operative conversions, and the only postoperative
complication was a case of Clostridium difficile infection in one patient managed medically. Preoperative
evaluation consisted of colonoscopy and imaging with use of either endorectal ultrasound or pelvic
Magnetic Resonance Imaging (MRI) for local staging. Patients with early-stage rectal neoplasms (uTis or
uT1NoMo) and low-risk histology (no lymphovascular invasion) were considered candidates. Patients also
included were those with T1 carcinoid tumors, incomplete endoscopically resected rectal polyps, and one
case of partial resection for palliative control of bleeding in the setting of metastatic disease™. No patients
had received neoadjuvant therapy. The GelPOINT Path port was utilized, and the robotic cart was docked
from the side of the patient. A 30° 8-mm robotic camera was placed in the middle trocar and two robotic
instruments were used along with an additional assistant trocar. Final pathology yielded 22 (65%) patients
with adenoma, 7 (21%) with carcinoma, and 4 (12%) with carcinoid tumors. Three patients were identified
as T2 and underwent formal low anterior resection. Notably, severe obesity (BMI > 35) was a predictor of
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significantly longer total operative time, requiring on average twice the operative and robotic console time.
Average hospital stay was 1.18 + 0.83 days, and all patients remained disease-free and alive at follow-up
(mean follow-up 188 days), with the exception of the lone patient who underwent palliative resection for

36]

bleeding™”.

Tomassi et al.””’ published their experience with robotic TAMIS in 58 consecutive patients. The first 40
patients were completed with the da Vinci Si platform, and the last 18 with the Xi platform. Patients were
most commonly placed in the lateral decubitus hockey stick position (n = 45), as opposed to lithotomy (n
= 5) or prone (n = 8), allowing the legs to be moved away from the operative field enabling more range of
motion for the robotic arms. While excision was performed as previously described, the proctotomy was
closed in a transverse fashion with running 3-0 V-lock Maxon sutures (Medtronic, Minneapolis, MN).
Floseal Hemostatic Matrix (Baxter International, Deerfield, IL) was selectively injected below the rectal wall
of larger or previously radiated defects. Indications for TAMIS varied widely and included uT1No rectal
cancer (41.4%), uT2No (3.4%), stage III rectal cancer with complete clinical response following neoadjuvant
therapy (3.4%), rectal polyps (31%), carcinoid (19%), and GIST (1.7%). Tumor distance from anal verge
ranged from 4 to 14 cm and mean operative time on robot was 66 (range 17-180) min. No cases required
conversion. Ninety percent of patients were discharged home the same day following surgery, and the
remaining patients were discharged on postoperative day 1. Complications included two patients unable
to void in recovery and one patient with nausea in a case combined with laparoscopic cholecystectomy.
Three patients presented with delayed complications: two patients with lower gastrointestinal bleeding
required further endoscopic intervention, and one patient with mucus drainage and tenesmus from suture
line dehiscence was treated with antibiotics. Final pathology confirmed preoperative staging in 79.3%
of patients, with appropriate oncologic treatment in 88%. Seven patients required further treatment due
to upstaging or high-risk features. Fifty-three patients underwent surveillance for a mean follow-up of

11.5 months with 3 local recurrences (5.5%). Overall, 54 (93.1%) have not required radical resection'.

HEAD-TO-HEAD COMPARISONS

A single institution head-to-head comparison of conventional and robotic TAMIS was published by Lee et al™,
The study was a retrospective analysis of a prospectively collected database of 40 consecutive patients
undergoing TAMIS. For conventional resection (1 = 21), patients were positioned such that the lesion was
in the dependent position to allow for laparoscopic suturing. Patients undergoing robotic-assisted resection
(n = 19) were either in lithotomy or prone depending on tumor location. Platform was selected based on
robot availability and surgeon preference. The GelPOINT Path port was utilized for both platforms. Median
times for resection were similar between the two platforms, as were for distance of neoplasms from anal
verge, Ro resection rate, and indications for resection (with the most common reason being adenoma).
Perioperative morbidity was similar as well, with one patient in each group experiencing urinary retention
requiring catheterization, and one patient in the conventional group requiring laparoscopic abdominal
assistance in repairing a defect with inadvertent peritoneal entry. There were no readmissions or mortalities
in either group.

COST

While perioperative and postoperative outcomes appear largely similar, cost appears to consistently favor
the use of laparoscopic instruments. The primary cost is the transanal port; the cost of the GelPOINT Path
is approximately $600-800 and the SILS port is $500"""”. The addition of the robotic platform adds to the
cost due to the additional instrumentation.

Hompes et al.”* identified an additional cost of €837 in comparison to conventional TAMIS. In their head-
to-head study, Lee et al.*” demonstrated an average of $880 (conventional-$3563 vs. robotic-$4440.92). This
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was the only difference in outcomes identified between the two procedures. At the Taiwan Medical Center
in Taipei, Huang et al.”” identified an approximate difference of $2000 in favor of laparoscopy due to their
current payment system. It has been proposed that robotic TAMIS may have a supplementary role in more
complex rectal lesions in which the gained dexterity of the platform would further support and justify its

[41]

utility ™.

FUNCTIONAL OUTCOMES

Overall, TAMIS is very well tolerated*****”. Studies published thus far have focused only on the
conventional platform. Schiphorst et al.”” examined 37 patients who underwent conventional TAMIS.
Patients were placed in lithotomy and the SILS port or the single-site laparoscopic access system (SSL,
Ethicon Endo-Surgery, Cincinnati, OH) were utilized for transanal access. Full thickness rectal excisions
were performed and defects, when closed, were done so using a V-loc absorbable suture. TAMIS was
completed in 36 patients. There were two cases of rectal perforation with peritoneal entry, with one patient
converted to laparoscopic anterior resection due to a large rectal defect and pneumoperitoneum. In 7 cases,
a hybrid approach with traditional transanal excision was required due to distal lesion location. Three (8%)
patients experienced postoperative complications which included hemorrhage (n = 2) and abscess (n = 1).
Long-term morbidity was also experienced in 3 (8%) patients, including local recurrence (n = 2) and rectal
stricture (n = 1). The rectal defect was closed in 27 (73%) patients [Table 2]. Functional outcomes were
assessed using the Fecal Incontinence Severity Index (FISI) Score, which takes into account leakage from
gas, mucus, liquid and solid stool, and ranges from 0 (total continence) to 61 (complete incontinence). Mean
FISI scores before and after surgery decreased from 10 to 5 (P = 0.01) at median follow-up of 11 months,
consistent with an overall significant improvement in anorectal function following TAMIS. The
same cohort was then evaluated again after a median follow-up of 3 years in 44 patients™. Mean
preoperative FISI scores were 8.3 (range 0-35) vs. 5.4 (range 0-20) at one-year post-TAMIS (P = 0.5). At
3 years, mean FISI score increased to 10.1. This was not statistically significant relative to preoperative FISI.
Quality of life was not evaluated in the study.

Sumrien et al.*” described the Bristol conventional TAMIS series of 28 patients evaluating feasibility and
quality of life associated with incontinence. Either the GelPOINT Path or SILS port was used. Full thickness
defects were closed. All patients underwent endoscopic evaluation at 3 months along with evaluation of
quality of life with the International Consultation on Incontinence Modular Questionnaire (ICIQ). In all,
TAMIS was unable to be completed in 3 cases due to extent of tumor. Seventeen cases were performed for
benign neoplasia, with Ro resection achieved in 12 (71%). Eleven cases were for malignancy, of which 9
were palliative. In all of these cases, Ro resection was achieved, with one person experiencing recurrence
at 11 months. Two patients developed urinary retention and were sent home with a catheter, while 4
patients who developed urinary retention showed resolution prior to discharge. Notably, they modified
their practice in favor of a one-time in-out catheterization at the start of the procedure and then noticed a
reduction in the incidence of postoperative urinary retention. One patient was readmitted with bleeding
at 2 weeks following surgery and managed conservatively. One patient had full thickness perforation
amenable to closure by TAMIS. ICIQ was completed in 13 of 26 patients following surgery. Within the
questionnaire, the highest score is 60 and a higher score correlates with worsening severity of symptoms.
Median score was 15, and 11 of 13 patients scored under 30, while 2 scored higher. They concluded that
functional results were consistent with an acceptable quality of life.

Verseveld et al.*” evaluated quality of life and functional outcomes following TAMIS in 24 patients 6 months
following resection. Indications for resection were adenoma (n = 20) or low-risk T1 carcinomas (n = 4).
The SSL port was used for transanal access and patients were in lithotomy. Full thickness excisions were
performed and all defects were closed. Mean operative time was 32 (13-94) min and median length of stay
was 1 (1-3) day. There was one complication of hemorrhage requiring reoperation. Functional outcomes
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were evaluated with the FISI questionnaire, and quality of life was evaluated with the EuroQol EQ-5D/
EG-VAS and Fecal Incontinence Quality of Life (FIQL) scores. Mean FISI did not significantly change
pre-resection to six months post-resection. Prior to surgery, 13 patients had abnormal FISI scores, while
11 had normal scores. Fifteen patients were continent following surgery, while 5 patients had minor
deterioration. These 5 patients also had tumors that were larger and at a shorter distance from the dentate
line. FIQL score trended towards improvement following resection and was significantly improved in the
area of “coping behavior” EQ-VAS scores were significantly higher following resection, consistent with an
improvement in quality of life, while there was no change in the EQ-5D score, suggesting no change from
a social perspective. Overall, the authors concluded that quality of life is generally improved following
resection and is equal to the general population at 6 months post-resection.

Karakayali et al."” evaluated anorectal function in 10 patients undergoing TAMIS for benign neoplasia or
low-risk T1 rectal adenocarcinoma. All procedures were performed in lithotomy, the SILS port was used
for transanal access, and all defects were closed. Follow-up consisted of digital rectal examination at 1 week
and proctoscopy at 3 weeks following surgery. Anorectal manometry was performed prior to and at 3 weeks
following surgery. Mean distance of tumor from anal verge was 5.6 cm (3-10 cm). Mean operative time was
98.8 min. All patients had Ro resections. There were no complications through a mean follow-up period of
27 weeks. Patients were evaluated for function by the Cleveland Clinic Incontinence Score questionnaire.
All patients were continent prior to surgery with a score of 0. At 3 weeks postoperative, only one patient
complained of incontinence to flatus and fecal urgency for a score of 3. This resolved by 6 weeks following
surgery. All 9 other patients had scores of 0. Anorectal manometry prior to surgery was normal for all
patients. At postoperative week 3, there were no significant differences seen in mean resting anal pressure,
maximum squeeze pressure, or squeeze endurance. However, minimum rectal sensory volume was
significantly reduced from 37+8.23 preoperatively to 24 + 5.15 following surgery (P = 0.004). There were
no changes in rectoanal inhibitory reflex or sphincter reflex contractions. Thus, the authors concluded that
conventional TAMIS is safe without impairment of anorectal function.

LEARNING CURVE

The learning curve for conventional TAMIS appears reasonable and attainable”™***' Lee et al.""
performed at cumulative summation (CUSUM) analysis to determine the number of cases required to
reach proficiency. Overall, 254 TAMIS procedures were included with an R1 resection rate of 7%. CUSUM
analysis reported that an acceptable R1 rate was achieved between 14 and 24 cases. Clermonts et al*
identified a learning curve between 18 to 31 procedures to reach proficiency. They also pointed out that
with the establishment of standardized protocols and proctorship a shorter learning curve with fewer
cases (6 to 10) may be achieved. Chen et al.”” reached a similar conclusion, with a minimum of 10 cases
required for proficiency. A learning curve has not been established for the robotic platform. In comparison
to TEM, our group has evaluated the TEM learning curve, performed by the senior author in 23 patients"”.
A CUSUM analysis was conducted taking into account the size of lesion and the operating time. The rate of
excision was extrapolated. The CUSUM curve stabilized following the four-case mark, after which the rate
of excision declined indicating the surmounting of the learning curve.

CONCLUSION

A decade following its introduction, TAMIS appears to be a safe, cost-effective and clinically appropriate
approach to the treatment of benign and early malignant (T1) rectal neoplasia with low-risk features. It
overcomes several of the limitations of TEM, while matching its efficacy and advantages over resection by
traditional TAE. Most importantly, it has an acceptable rate of achieving Ro resection with a low rate of
disease recurrence, while maintaining a low rate of morbidity. Oncologic outcomes are not affected should
disease recur. The majority of patients are now undergoing TAMIS as an outpatient procedure and many
are spared the morbidity associated with TME.
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While randomized control trials and head-to-head studies are lacking, the accumulated evidence suggests
that the conventional and robotic approaches are similar in their clinical efficacy. However, differences exist
and are mostly related to the higher cost of the robotic platform. While proponents of laparoscopy would
highlight these cost-related factors, one cannot overlook the improved ergonomics of robotic surgery given
the physical constraints of transanal surgery. Also, the gained articulation and dexterity not only allow for
easier closure of defects, but may also facilitate the resection of larger lesions in multiple quadrants™*.
Future advancements in robotic technology, particularly with the introduction of single-port robotic

systems, will continue to make this platform an attractive alternative in rectal surgery.

It is important to note that in either approach, obesity still remains a factor in contributing to longer
operative times'™
robotic technologies advance and evolve, creating for an everchanging landscape for the colorectal surgeon.
Should the clinical efficacy of the two approaches remain similar, the most important factors that remain
will then be surgeon preference and comfort level.

i Undoubtedly, transanal surgery will continue to evolve as both conventional and
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Abstract

Paraesophageal Hernia (PEH) is the protrusion of the stomach and/or other abdominal viscera into the mediastinum
due to an enlargement of the diaphragmatic hiatus. The treatment of PEH is challenging: On the one hand, watchful
waiting carries the risk of developing acute life-threatening complications requiring an emergency operation. On the
other hand, elective repair of PEH has non-negligible morbidity and mortality rates, also due to the characteristics of
PEH affected patients, who are generally elder and frail. A review of the literature is presented to highlight strategies
that can be adopted to minimize early and long-term complications after PEH surgical repair. The laparoscopic
approach has been shown to provide reduced hospital stay, postoperative morbidity and mortality, and overall
costs compared to traditional open surgery, and it is currently considered the standard approach both to elective
and emergency operations. The evidence suggests that strict adherence to surgical principles, such as hernia sac
excision, extended mediastinal dissection of the esophagus, and tension-free crural repair with or without mesh
are mandatory to achieve optimal surgical outcomes and reduce PEH recurrence rate. Different shapes, materials,
and techniques of prosthetic repair and the use of relaxing incisions have been proposed, but long-term data are
lacking, and no conclusions can be drawn regarding the ideal method of crural closure. When a short esophagus is
recognized despite extensive mediastinal dissection, esophageal lengthening procedures are indicated. Systematic
addition of a fundoplication is strongly encouraged, for either treating gastroesophageal reflux or reducing
recurrence rate.
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INTRODUCTION

Hiatal hernia (HH) is the protrusion of an abdominal organ into the mediastinum through the
diaphragmatic hiatus.

There are four main types of HH: Type 1 (“sliding”), the most common, is the herniation of the esophago-
gastric junction (EGJ) above the diaphragm, leaving the stomach in the abdomen; Type 2 (“pure
paraesophageal”) is the thoracic migration of the gastric fundus while the EGJ remains in the correct
position; Type 3 (“mixed”) is a combination of both Type 1 and Type 2 components; and, in Type 4 (“giant”)
HH, the herniation involves the entire stomach along with other abdominal viscera, including colon,
omentum, small bowel, liver and spleen’. Types 2-4 HH are defined as paraesophageal hernias (PEH) and
share the same preoperative work-up and surgical treatment'”.,

Clinical manifestations of PEH include obstructive (dysphagia and postprandial fullness) and compressive
(respiratory complications and recurrent pneumonia) symptoms, gastroesophageal reflux (GER) (heartburn
and regurgitation), and chronic anemia. PEH can also present acutely with complications: bleeding, acute

obstruction, and strangulation resulting in gastric necrosis'”.

The diagnosis is made with upper endoscopy and barium esophagogram, to assess the morphology of HH.
Other examinations, such as computed tomography scan and esophageal manometry, could be helpful in

treatment planning, but they are not mandatory“"’].

INDICATIONS FOR SURGERY
Elective vs. emergent
In contrast to Type 1 sliding HH, which does not require surgical intervention unless in the presence of

severe GER, PEH carries the potential for severe acute complications[sl.

In the past, PEH repair was proposed for all surgically fit patients, regardless of symptoms, due to previous
studies demonstrating an unacceptably high mortality rate (ranging 29%-56%), associated with acute
presentations“’”

A study from Stylopoulos et al."” changed this paradigm. The authors performed a Markov Monte Carlo
decision analysis to address the optimal treatment strategy for PEH. The input variables considered,
obtained from a systematic review of the literature and data of the 1997 Nationwide Inpatient Sample, were:
the estimated mortality rate after elective laparoscopic (1.4%, range 0%-5.2%) and emergency (5.4%) PEH
repair, the annual probability of developing symptoms progression (13.8% range 8.1%-21.7%), the annual
probability of acute presentation requiring emergency surgery of untreated patients (1.1% range 0.7%-1.9%),
and the annual probability of HH recurrence after surgical repair (1.9% range 0.3%-5.4%). With these
assumptions, the authors estimated that watchful waiting would be the optimal treatment for 83% of PEH
patients, as the risk of developing life-threatening complications is only 1.1% per year.

Since then, other studies have demonstrated lower mortality rates associated with PEH repair, both in the
elective and in the emergency setting™'”. Even with these new reports, an updated study using the same
statistical methodology achieved the same conclusions in terms of mortality"". However, considering cost-
effectiveness, a similar study performed by Morrow et al."” concluded that elective repair, although more
expensive, guarantees superior quality of life compared to watchful waiting. Current guidelines recommend
the elective repair of all symptomatic PEH, while in asymptomatic patients the indications to elective
surgery must be balanced with the patient’s age and comorbidities',



Ugliono et al. Mini-invasive Surg 2021;5:2 | http://dx.doi.org/10.20517/2574-1225.2020.93 Page 3 of 12

Open vs. minimally invasive approach

The conventional open approach to PEH repair, through a thoracotomy or a laparotomy, was associated
with a high rate of morbidity (5.3%-25%) and mortality (0%-3.7%). The main complications described
were pneumonia (2.6%, range 2.1%-8.7%) and wound infections (5.8%, range 0.8%—8.7%)“3]. Since the
introduction of the laparoscopic technique to PEH treatment by Cuschieri”” in 1992, the minimally
invasive approach has spread rapidly. Several population-based studies demonstrated a significant
reduction in hospital stay, intensive care unit stay, postoperative morbidity, mortality, and overall costs
of laparoscopic PEH repair compared to the conventional open approach"*'*. Therefore, laparoscopy is

[5,17]

considered the preferred surgical access for PEH repair, including in the emergency setting ™.

More recently, the robotic platform has been proposed for surgical PEH treatment. The evidence
regarding robot-assisted repair of PEH consists of small retrospective series of single institutions in their
early experience with this technique, and no long-term follow-up is available. These studies described
a postoperative morbidity of 15%-23% and a mortality rate of 0%-2.5%, which are comparable with the
outcomes of the laparoscopic series reported in the literature"**".

However, no studies specifically assessing the comparison of robot-assisted and laparoscopic approaches to
PEH repair have been conducted, and no clear benefits of the robotic approach have been elucidated yet.
Therefore, the role of robotics in the surgical management of PEH remains controversial.

SURGICAL PRINCIPLES

The essential technical steps of the procedure consist of complete reduction of HH, hernia sac excision,
extensive mediastinal mobilization of the esophagus, and tension-free crural closure.

The first step of the procedure is the abdominal reduction of HH contents by gentle traction of the hernia
sac, proceeding gradually with extensive mediastinal mobilization of the esophagus with blunt dissection in
order to obtain at least 2-2.5 cm of intra-abdominal esophageal length [Figure 1A and B]*".

During hernia sac dissection, caution must be used to prevent injury to the vagal nerves on the anterior
and posterior aspect of the esophagus, to the pleura, and to the adjacent vascular structures [Figure 2]

After complete reduction, sac excision is imperative [Figure 3]. A tension-free closure of the diaphragmatic
crura must be achieved with crural approximation with or without mesh [Figure 4A and B]. Additional
technical steps, such as fundoplication, esophageal lengthening, gastropexy, and relaxing incisions, have
been investigated to improve the results of PEH repair and are discussed below.

The most common intraoperative complication reported is visceral injury (esophageal and gastric
perforations), which is reported in up to 11% of cases, followed by vagal nerve injury and pulmonary

. . . £ [23]
complications (pneumonia) .

Sudden increases in intra-abdominal pressure in the immediate postoperative period, due to coughing,
belching, vomiting, and lifting weights, have been shown to contribute to PEH recurrence””. Therefore,
postoperative nausea and vomiting must be treated aggressively".

Routine early upper gastrointestinal series before starting diet is unhelpful in the absence of suspicious
clinical signs, as it has been shown that it would change the clinical management of patients in only 0.8% of

[25]
cases
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Figure 1. Hernia content reduction: (A) reduction of hiatal hernia contents by gentle traction of the hernia sac; and (B) obtaining at least
2-2.5 cm of intra-abdominal esophageal length

Figure 2. During hernia sac dissection, caution must be used to prevent injury to the vagal nerves on the anterior and posterior aspect of
the esophagus, to the pleura, and to the adjacent vascular structures. White arrow, pleura; black arrow, posterior vagus nerve; asterisk,
aorta

POSTOPERATIVE COMPLICATIONS
PEH recurrence
A significant rate of recurrences after PEH repair has been reported, although patients are often

asymptomatic”®. “Radiological” recurrences are described in up to 20%-30% of cases, while only 5% of

patients would require surgical revision”

Several technical factors have been investigated in an attempt to reduce the rate of PEH recurrences: PEH
sac excision, the method of crural closure, the addition of an esophageal lengthening procedure, and the
addition of a gastropexy.

PEH sac excision
To reduce the risk of recurrence, complete excision of the hernia sac should be performed whenever
feasible™. This fundamental step of the procedure accomplishes several objectives: first, it represents
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Figure 3. Identification of the hernia sac

Figure 4. Paraesophageal hernia repair: (A) cruroplasty; and (B) total 360° fundoplication

the correct plane of dissection, avoiding potential injuries to the neural and vascular adjacent structures;
second, it reduces the risk of collections in the thoracic cavity; and third, since the hernia sac acts as a lead
point that pushes the stomach back in the thoracic cavity, its excision reduces the risk of HH recurrence’™”

Crural closure: mesh vs. simple cruroplasty

Closure of the diaphragmatic hiatus is mandatory during PEH repair. It can be achieved through
several techniques, with primary closure or the use of a mesh. The prosthetic materials can be used as a
reinforcement of a primary crural closure or as a “bridge” to close a wide diaphragmatic defect without
any attempt to approximate the crural pillars. Moreover, some authors suggest performing crural relaxing

. .. . . [30]
incisions to achieve a tension-free crural closure

In the early laparoscopic series, simple primary cruroplasty was associated with an unacceptably high rate
of recurrences at medium follow-up, described in up to 42% of patients™".
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In light of the good results achieved with the introduction of prosthetic materials in inguinal and
ventral repair surgery, the use of meshes has been proposed also in PEH repair. There is a wide array of
configurations, materials (including synthetic non-absorbable, absorbable, or biologic matrices), and
methods of fixation of the mesh (anterior, posterior, or circumferential, with staples, tacks, sutures, or glue)[32'36].
Several studies showed a reduced recurrence rate with the use of synthetic meshes. For instance, Frantzides et al.””
performed in 2002 a randomized controlled trial (RCT) of patients undergoing laparoscopic PEH repair
with simple (36 patients) vs. reinforced polytetrafluoroethylene (PTFE) cruroplasty (36 patients). The
recurrence rate, verified with barium contrast studies, was significantly higher in the simple cruroplasty
group compared with the PTFE group (22% vs. 0%, P < 0.006).

Disadvantages related to the use of synthetic materials include the risk of mesh adhesion, erosion of the
esophageal wall, and extensive fibrosis resulting in the onset of troublesome dysphagia”.

Biological and absorbable meshes have been proposed to overcome the downsides of synthetic meshes.
Oelschlager et al.®” performed a multicenter RCT to test the efficacy of crural reinforcement with a
biological mesh derived from porcine small intestinal submucosa (51 patients) compared to primary crural
closure (57 patients). The authors published in 2006 the phase 1 results of the trial, showing a significant
reduction in radiological PEH recurrences compared to primary repair (9% vs. 24%) at six-month follow-
up. However, a longer follow-up of the same study showed a high rate of recurrences, with no significant
differences between the two groups (59% in the mesh group vs. 54% in the primary repair group)™*”.

The short-term results of biological meshes were also confirmed in a systematic review and meta-
analysis performed by Antoniou et al.“" including five studies comparing simple suture vs. biologic mesh
cruroplasty. However, no long-term data were available for analysis.

Watson et al."” performed a multicenter RCT in 2015 with the aim of comparing three methods of
PEH repair: primary suture (43 patients), absorbable mesh (41 patients), and non-absorbable mesh (42
patients) cruroplasty. A combined radiological and endoscopic assessment of recurrences was performed
at 12-month follow-up, and no significant difference was found among the three groups. These results were
also confirmed at five-year follow-up'*”.

Several meta-analyses described a significant reduction in the recurrence rate at medium-term follow-up,
including a lower risk of surgical revision, with the use of prosthetic materials, but the quality of analyzed
data was poor and therefore the results are of limited level of evidence™*”. For instance, Tam et al."
performed in 2016 a systematic review and meta-analysis of studies assessing the comparison between
primary repair and the use of synthetic mesh. They reviewed 13 publications including RCTs and
observational studies. The overall recurrence rate was found to be 24% (91/382) for the suture group
compared to 13% (46/354) for the mesh group. However, follow-up was significantly shorter, with only half
of the patients available for follow-up in the mesh group, therefore recurrences could be underestimated.
The authors concluded that the available evidence is of low quality and high risk of bias and does not allow

drawing definitive conclusions.

Furthermore, more recent series comparing primary vs. mesh reinforced cruroplasty have shown similar
outcomes in terms of recurrences at long-term follow-up'”*"". For instance, Koetje et al.*” reported the
comparison between primary repair (127 patients) and mesh reinforced (62 patients) cruroplasty with a
follow-up of 40 months. The overall rate of radiological recurrence was similar between the two groups
(25.8% mesh vs. 23.6% no mesh), with similar reoperation and symptomatic recurrence rates.
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To date, there is no high-level objective evidence recommending the use of meshes in PEH surgical
treatment, nor demonstrating the superiority of a specific technique over another. The ideal mesh does not
exist, and the choice of the technique largely depends on the surgeon’s preferences'
admit that no recommendations can be made regarding the use of mesh in PEH repair".

**1 Current guidelines

“Short esophagus” and esophageal lengthening

The entity of the “short esophagus” (SE) is debated. SE is defined as less than 2-2.5 cm of intra-abdominal
esophageal length after extensive mediastinal dissection””. The estimated incidence of the SE is reported
to be 1.9%-20% and is thought to be caused by fibrosis and scarring of chronic severe GER insult".
Some authors question the real existence of SE, claiming the presence of “apparent” SE: a normal-length
esophagus that is folded into the chest and appears to be short before extensive mediastinal mobilization"™”.

The use of routine intraoperative endoscopy during PEH repair is suggested to detect SE**.

When a “real” SE is recognized intraoperatively, esophageal lengthening procedures, such as Collis-Nissen
fundoplication, are indicated””. The current technique consists of a totally laparoscopic gastroplasty,
performed with a circular stapler, to create a trans-gastric window, through which a linear stapler is
introduced to create the “neo-esophagus”*®. The results of this procedure, performed with the laparoscopic
approach, are similar to those reported with the open technique, with a recurrence rate of 25-13%".

However, Collis-Nissen fundoplication is a challenging procedure, with a reported morbidity rate of 19%-
36%, including atelectasis, pneumonia, pneumothorax, and pleural effusion””. Moreover, it carries a higher

risk of leak compared to fundoplication alone (2.7% vs. 0.6%)[58].

Anterior gastropexy

Anterior gastropexy was first described by Boerema in 1969, but it was abandoned due to a reported
excessively high risk of recurrence, which occurred in 60% of patients™™*. With the recognition of the
importance of the fundamental technical steps of the procedure, such as sac dissection and excision, that
were not performed at the time of the original Boerema procedure, this technique has been modified and
proposed again. To date, there are limited data regarding the role of anterior gastropexy, in particular
without associated procedures such as mesh cruroplasty or fundoplication, in PEH surgical treatment [Table 1].
Only Daigle et al.'*” performed a multicenter study of 101 PEH repair with anterior gastropexy without
fundoplication, showing an acceptable recurrence rate of 16.8% at 12-month follow-up and avoiding
complications of mesh positioning and anti-reflux procedures. However, 29.7% of patients experienced
some degree of postoperative GER.

More recently, several authors have described the use of this procedure in the acute setting or in high-risk
patients' . In these situations, the procedure was considered attractive because it does not require long
operative times or advanced technical skills even with the minimally invasive approach, and does not affect
the possibility to perform subsequent elective PEH repair.

For instance, Yates et al.”” reported the results of 11 high operative risk patients presented with acute
gastric volvulus and treated with laparoscopic anterior gastropexy. There were no intraoperative
complications, but two patients required reintervention. The authors concluded that laparoscopic anterior
gastropexy could be considered a valid surgical alternative for frail patients.

Gastroesophageal reflux

The systematic or tailored addition of a fundoplication during PEH repair is a matter of debate.
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Table 1. Outcomes of laparoscopic gastropexy in paraesophageal hernia treatment

Associated Follow-up

0, H 0,
Authors Year n GP (n) procedures (7) Recurrences (%) Mortality (%) (months) Notes
Agwunobietal®™ 1998 13HR 13 14.4% symptomatic 77 10 15.4% conversions
Hawasli et al.”” 1998 27 25 MC =25 0% 0 1-56  22.2% reflux
Van der Peet et al®® 2000 19 19 SC=17 15.8% radiological 0 24 15.8% conversions
MC=2 75% reflux esophagitis
FP =15 without FP
Ponsky et al."**” 2003 28 28 FP=28 0% radiological 0 12
Diaz et al.'*” 2003 116 48 SC =110 32% radiological 17 30 4.3% major
MC=6 complications
FP =14
EL=6
Horstmann et al®®® 2004 16 16 MC =16 0% radiological 0 14 6.25% conversions
FP =16 31% pleural injury
Poncet et al.'®”! 2010 89 77 MC =89 15.7% radiological 0 575  4.4% conversions
FP =89 7.8% morbidity
Daigle et al.*" 2015 101 101 SC =94 16.8% endoscopic/ 0 109 22% morbidity
radiological 29.7% reflux
Yates et al.'”’ 2015 THR 10 TG=11 0% symptomatic N/A 3 2 readmissions
2 TG dislocations
Higashi et al."”” 2017 8HR 100 0% symptomatic 0% 48

HR: high risk patients; GP: gastropexy; MC: mesh cruroplasty; SC: simple cruroplasty; FP: fundoplication; EL: esophageal lengthening;
TG: tube gastrostomy

The rationale for adding a fundoplication is twofold: treating preoperative GER symptoms and preventing
the postoperative onset of GER. GER is a frequent clinical manifestation of PEH because the herniation
through the diaphragmatic hiatus determines a functional incompetence of the lower esophageal
sphincter (LES), favoring the reflux of the gastric contents. GER can also occur “de novo” postoperatively
due to altered functional anatomy of the GEJ caused by extensive mediastinal dissection. Furthermore,
fundoplication is thought to anchor the cardia below the diaphragm, contributing to the reduction in the
rate of recurrences™. For these reasons, some authors advocate the routine addition of a fundoplication to

71]

restore the functional competence of the LES"™".

Other authors sustain the selective addition of fundoplication during PEH repair depending on the
presence of preoperative GER or altered esophageal motility at esophageal manometry. They believe that
the intra-abdominal reduction of PEH restores the normal anatomy of the EGJ, therefore no other anti-

72]

reflux operations, with the consequent risk of dysphagia, are needed"”.

However, the LES competence can be difficult to assess preoperatively, because esophageal manometry can
be unreliable in the presence of PEH". Furthermore, the incidence of dysphagia following fundoplication
is minimal in experienced hands™,

Miiller-Stich et al.”” performed a RCT comparing mesh-augmented hiatoplasty with or without the
addition of a fundoplication. At 12-month follow-up, the fundoplication group had a significantly lower
incidence of GER symptoms than hiatoplasty alone, and the subjective results were confirmed by objective
upper endoscopy findings. Interestingly, the incidence of gas bloat and dysphagia did not differ between the
two groups, leading the authors to favor the systematic addition of an anti-reflux procedure.

In addition, Furnée et al.” performed a comparative study of patients who underwent PEH repair with or
without fundoplication. Of the 20 patients who did not receive fundoplication, new onset of esophagitis
occurred in 28%, and pathological acid exposure was demonstrated in 39%. In the fundoplication group,
8.7% of patients experienced dysphagia. The authors concluded that, since the rate of postoperative side
effects of fundoplication is low, while objective evidence of postoperatively de novo onset of GER occurred
frequently, the addition of a fundoplication should be recommended during PEH repair.
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To date, there is no consensus on the type of wrap and on the fixation of the fundoplication to the
esophagus or the diaphragmatic pillars™. In a systematic review of the literature, including 24 studies,
Andolfi et al.”” concluded that the preferred approach should be a total fundoplication when the
esophageal motility is normal.

CONCLUSION

The current review of the literature shows that the controversies regarding the optimal repair of
paraesophageal hernia, including the best technique for crural closure, the addition of a fundoplication,
and of esophageal lengthening procedures, remain unresolved. The wide heterogeneity of techniques and
materials, together with the low incidence of PEH, makes it difficult to investigate the specific role of the
single technical factors concurring in PEH repair.
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Abstract

Surgical resection by lobectomy is the gold standard of therapy for early stage non-small cell lung cancer. However,
not all patients are medically fit to undergo surgery. In patients considered high-risk for lobectomy, alternative
strategies have been developed including radiofrequency ablation, cryoablation, microwave ablation, stereotactic
radiation therapy, wedge resection, and segmentectomy. This work reviews the definition of high-risk, and the
outcomes that have been associated with each treatment technique. Some technical points regarding wedge
resection versus segmentectomy are noted. Future directions are discussed in the context of treatment for patients
considered at high-risk for lobectomy.

Keywords: Non-small cell lung cancer, sublobar resection, surgical technique, high-risk patients

INTRODUCTION

This work is intended to review the current literature surrounding the definition of a patient with lung-
cancer who is considered high-risk for lobectomy, discuss different treatment modalities and their
outcomes for these patients, and note some potential future directions and their benefits to high-risk
patients. PubMed and EMBASE were reviewed and works were included based on relevance. Previous work
in this field has involved clinical trials to determine patients who are considered high-risk, their results with
sublobar resection, radiofrequency ablation (RFA), cryoablation, microwave ablation (MWA), stereotactic
body radiation therapy (SBRT), and comparisons of these alterative techniques against sublobar resection.
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Technical aspects of wedge resection and segmentectomy are discussed for high-risk patients, and future
directions of lung cancer treatment that could specifically benefit high-risk patients are noted.

DEFINITION OF HIGH-RISK

One of the most used definitions for high-risk patients come from the American College of Surgeons
Oncology Group (ACOSOG) Z4032 trial of stage I non-small cell lung cancer (NSCLC), with tumors < 3
cm, that focused on clinical details to define high risk". Patients were considered high-risk for sublobar
resection, or sublobar resection with brachytherapy, if their pulmonary function tests (PFTs) showed
a Forced Expiratory Volume in 1 second (FEV1) < 50% of predicted, or if their Diffusing Capacity for
Carbon Monoxide (DLCO) was < 50% of predicted, or if they met two of the following criteria: age > 75
years, FEV1 51%-60% predicted, DLCO 51%-60%, diagnosed with pulmonary hypertension (pulmonary
artery systolic greater > 40 mmHg) as estimated by echocardiography or right heart catheterization, left
ventricular ejection fraction < 40%, resting or exercise arterial pO, < 55 mmHg or SpO, < 88%, pCO, >
45 mmHg, or Modified Medical Research Council Dyspnea Scale score > 3.

However, while ACOSOG Z4032 provides a precise definition, controversy still exists. Puri et al. . reported
the non-propensity score matched findings of their review of 1066 patients from the Washington University
School of Medicine. They found that perioperative outcomes for the high-risk group by ACOSOG Z4032
were not different from normal-risk patients - respiratory failure, 4% (7/194) in high risk vs. 5% (41/872)
in normal risk (P = 0.70); prolonged air leak of > 5 days, 8% (16/194) in high risk vs. 6% (54/872) in normal
risk (P = 0.36); and 30 day/hospital mortality 1% (2/194) in high risk vs. 2% (14/872) in normal risk (P =
0.75). The most recent National Comprehensive Cancer Network NSCLC guidelines focus on a definition of
high-risk that is aimed at risk of recurrence and leaves the definition of ‘operative high-risk unresolved".

PERI-OPERATIVE OUTCOMES OF HIGH-RISK PATIENTS UNDERGOING SUBLOBAR
RESECTION

Fernando et al."*! reported perioperative outcomes for their high-risk patients in 2011. Three deaths (1.4%,
3/222), one in the sublobar resection group and two in the sublobar resection with brachytherapy group,
occurred within 30 days. Three more deaths occurred by 90 days (2.7% 6/222), and four of the deaths
within 90 days were attributed to the surgery performed. Kent et al."” provided a further operative and
pathologic analysis of this patient group in 2013. When segmentectomy (n = 57 patients) was compared to
wedge resection (n = 153 patients), they found that segmentectomies had better margin size than wedge
resections, median 1.5 cm (range 0.1-6.5 cm) vs. 0.8 cm (0-3.6 cm), P = 0.0001; greater number of lymph
node stations sampled, median 3 (0-6) vs. 1 (0-6), P < 0.0001; and greater number of lymph nodes removed,
median 4 (0-20) vs. 1 (0-23), P < 0.0001.

Sancheti et al."” reported on their institution’s experience with ‘high-risk’ patients defined by ACOSOG
z4032. The study focused on Stage I NSCLC and, in their sub-analysis of patients who underwent sublobar
resection, reported shorter operative time in the high-risk group vs. standard risk group, median 89.0 min
(range 64.0-110.0) vs. 112.5 min (74.0-145.5), P = 0.04; but longer length of stay, median 4 days (3-7) in
the high risk group vs. median 3 days (2-5) in the standard risk group, P = 0.003. They found no statistical
difference in total patient numbers with major morbidity, 12.3% (7/57) high risk group vs. 6.7% (4/40)
standard risk group, P = 0.39; but, noted more patients with minor morbidity in the high-risk group, 43.9%
(25/57) vs. 20% (12/60) in the standard risk group, P = 0.02. The 3-year survival from sublobar resection
was worse for high risk patients than standard risk patients, 57% vs. 71%, but not statistically significant, P
=0.15.
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Lastly, Puri ef al.’s” sub-analysis of their high-risk patients who underwent sublobar resection found no
differences in perioperative outcomes be tween high-risk patients (n = 72) and normal-risk patients (n =
112). Atrial fibrillation was slightly more common in the high-risk group than normal-risk, 11% (8/72) vs.
6% (7/112), P = 0.28, but this was potentially due to low event rates in both groups. They did not report
the sublobar resection group survival Kaplan-Meier curves, but noted on logistic regression analysis that
ACOSOG Z4032 high-risk status was not associated with the risk of perioperative complications (data not
provided in their manuscript)m].

THERAPEUTIC CHOICE FOR OPTIMAL LONG-TERM OUTCOMES OF HIGH-RISK PATIENTS

Since Ginsberg et al.’s”’ 1995 report on the Lung Cancer Study Group’s randomized control trial of

lobectomy vs. limited resection for T1 NSCLC, lobectomy has remained the gold standard for resection of
early stage lung cancer. However, the current NCCN guidelines state that anatomic pulmonary resection
is the preferred method for the majority of patients with NSCLC"”. The NCCN guidelines further
elaborate on sublobar resection as being appropriate in the setting of “poor pulmonary reserve or other
major comorbidity that contraindicates lobectomy”, while noting that SBRT is recommended for medically
inoperable patients or patients who refuse surgerym. As there is no clear definition for “high-risk” patients,
the choice of therapy for high-risk patients remains the purview of the clinicians treating the patient.
Ablation techniques, SBRT, and lobectomy continue to be options for high-risk patients, in addition to
sublobar resection.

Multiple ablation techniques have been reported for lung cancer including RFA, microwave ablation, and
cryoablation™”. In 2005, Fernando et al."* reported RFA as an alternative for patients with peripheral lung
cancer who are not surgical candidates. In their initial 18 patient series with 21 total tumors, they treated
patients of all stages with a median tumor size of 1.8 cm (range 1.2-4.5 cm). In this broad patient set, they
noted a mean progression-free survival of 16.8 months. In 2007, Simon et al"™ published their 153 patient
series from 1998-2005 that reviewed the outcomes of patients treated with RFA who were refused surgery
or were not deemed suitable as surgical candidates. The 5-year survival rate for stage I NSCLC was 27%,
with local progression-free rate for tumors < 3 cm equal to 47%, and for > 3 cm equal to 25%. A recent
review of the National Cancer Database compared SBRT to RFA for stage I NSCLC (4,454 SBRT vs. 335
RFA patients)"”. RFA patients were noted to have more comorbidities than SBRT patients. They performed
a propensity score matching and found no difference in the overall survival rate (OS) at 1-, 3-, and 5- years
(31.9% SBRT vs. 27.1% RFA, P = 0.835).

MWA is another thermal ablation technique that uses high temperature to destroy tumors”. Zhong et al.”
reported on 113 patients who underwent microwave ablation; 35 patients had early stage disease and 78
patients had late stage lung cancer. 10.6% (12/133) of all patients had a pneumothorax after the procedure,
but no intraoperative or perioperative deaths were observed. At 3 years, they reported that the survival
of the early stage group was 84.7%, in comparison to 71.7% in the advanced stage group, P = 0.576. Zhao
et al."™ reported a longer-term follow-up (out to 5 years) of 34 early stage patients (T1a-T3NoMo).
Pneumothorax was noted in 24 cases (59%) with 6 cases requiring chest tube insertion (15%). Their
5-year overall survival rate was 46.7%. Yuan et al."" performed a meta-analysis of 53 studies to compare
outcomes of RFA with MWA for primary lung cancer and pulmonary metastases. They found a pooled
pneumothorax rate of 34.3% (95%CI: 25.9%-43.1%) in the RFA group vs. 33.9% (95%CI: 23.8%-44.8%) in
the MWA group, P = 0.957. Severe pneumothorax that required intervention occurred in 12.3% of patients
(95%ClI: 6.8%-19.1%) in the RFA group and in 11.0% of patients (95%ClI: 4.5%-19.7%) in the MWA group, P
=0.797. Based on the 8 studies for RFA and 6 studies for MWA, they found comparable median OS for the
2 groups, RFA 28.4 months (95%CI: 20.9-35.8) vs. MWA 24.4 months (95%CI: 16.9-31.8).
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Cryoablation is the other common ablative technique and works by creating a freezing zone that first
freezes the extracellular fluid and then the intracellular fluid, causing cellular and tissue destruction during
multiple cycles with temperature ranges typically in the -20C to -40C range[””m]. For Stage I NSCLC,
Yamauchi et al."” reported a 3-year overall survival of 88% and a disease-free 3-year survival of 67%,
while Moore et al."* reported a 5-year overall survival of 67.8% + 15.3, cancer-specific survival of 56.6%
+ 16.5, and 5-year progression-free survival rate of 87.9% + 9. Yamauchi reported pneumothorax in 28%
cases (7/25) vs. Moore’s report of 51.0% (24/45); and each reported 1 case requiring chest tube insertion.
Zemlyak et al"™ performed a small retrospective, non-propensity matched comparison between sublobar
resection (n = 25), radiofrequency ablation (n = 12) and percutaneous cryoablation (n = 27) and found
that the 3-year overall survival was 87.1%, 87.5%, and 77%, respectively, P > 0.05. Additionally, the 3-year
cancer-specific and cancer-free survival for sublobar resection, radiofrequency ablation, and percutaneous
cryoablation groups was 90.6% and 60.8%, 87.5% and 50%, and 90.2% and 45.6%, respectively with P > 0.05
for intergroup comparisons of 3-year cancer specific survival and 3-year cancer free survival. They noted
that the lack of significance was likely due to a small sample size.

The American Society of Radiation Oncology defines SBRT as ablation radiation doses in 1-5 fractions with
high conformal techniques®”. They note in these consensus guidelines that stage I NSCLC patients with
“high operative risk” should be offered SBRT as an alternative to sublobar resection, but the longer-term
outcomes over 3 years are not well-established. Some of the longest survival data for SBRT comes from a
follow-up of the North Central Cancer Trials Group N0927 randomized phase II study, comparing 34 Gy
vs. 48 Gy SBRT for medically inoperable stage I peripheral NSCLC"*'*?. They found that the 5-year overall
survival in the 34 Gy and 48 Gy groups were 29.6% (95%CI: 16.2%-44.4%) and 41.1% (95%CI: 26.6%-
55.1%) respectively. Progression-free survival at 5 years was 19.1% (95%ClI: 8.5%-33.0%) and 33.3% (95%ClI:
20.2%-47.0%) for the 34 Gy and 48 Gy groups respectively. A recent systematic review and pooled analysis
compared RFA to SBRT, and found that SBRT has better 5 year local tumor control rate, 42% (95%CI: 30%-
54%) RFA vs. 86% (95%CI: 85%-88%) SBRT P < 0.001; but similar OS, 32% (95%CI: 22%-43%) for RFA vs.
40% (95%Cl: 36%-45%) for SBRT P = 0.41™". In 2019, Ager et al.”” reviewed the National Cancer Database
and compared 14,651 SBRT patients to 1141 patients who underwent some form of percutaneous local
tumor ablation therapy (LTA). After propensity score matching, their Cox modeling found a hazard ratio
of 0.83, 95%CI: 0.73-0.94, P = 0.002, showing improved survival for SBRT patients. Adjusted rates of OS at
5 years were 31.0% and 26.2% for SBRT and LTA, respectively. Chi et al.” also reviewed the National
Cancer Database and compared SBRT to multiple different forms of surgery for early stage lung cancer.
They found that the 5-year overall survival for the resection groups ranged from 48.1% (wedge resection)
to 64.6% (lobectomy), compared to 30.4% in the SBRT cohort, P < 0.01 for each resection type vs. SBRT.
Their Cox model hazard ratios for wedge resection, segmentectomy, and lobectomy compared to SBRT
demonstrated improved overall survival with surgery with values from 0.55 (wedge resection) to 0.40
(lobectomy), each P value < 0.01.

In terms of surgical treatment, Jensik et al.” were the first to propose segmentectomy as an appropriate
alternative to lobectomy for small-sized lung cancers. Since then, the debate has continued with findings
for and against this in randomized trials, large database studies, and meta-analysis reviews, with lobectomy
continuing as the standard of care with allowances for sublobar resection of high-risk cases”**"". Relatively
few studies have focused on direct comparisons of surgical options in high-risk patients. Ijsseldijk et al.™
recently published a comprehensive systematic review and meta-analysis of 100 studies comparing SBRT,
sublobar resection, and lobectomy. In this work, they found that lobar resection had a 5-year OS of 74%
[0.69, 0.78], sublobar resection had a 70% OS [0.64, 0.77], and SBRT had a 46% OS [0.35, 0.57], with both
surgical survivals statistically better compared to SBRT, both P < 0.01. Disease-free survival at 5 years in
patients who had lobar resection was 76% [0.71, 0.82], sublobar resection was 71% [0.67, 0.76], and SBRT
was 46% [0.35, 0.57], with both surgical survivals statistically better compared to SBRT, P < 0.01. However,
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this work was not specified to include only high-risk patients. Hou et al.*” performed a specified meta-
analysis directly comparing segmentectomy to sublobar resection for high-risk patients in 9 studies. They
noted heterogeneous definitions for what qualified as high-risk, but most studies had followed Fernando
et al’s" criteria from their 2011 work mentioned earlier in this review. For 0OS, Hou et al. = included 7
studies, and on meta-analysis found that the hazard ratio for segmentectomy compared to wedge resection
for stage I NSCLC was 0.80 in favor of improved OS with segmentectomy compared to wedge resection
[95%CI: 0.68-0.93; P = 0.004]. On subgroup analysis, there was comparable OS for stage I tumors < 2 cm;
however, the hazard ratio favored improved OS with segmentectomy compared to wedge resection, 0.39
[95%CI: 0.15-1.02; P = 0.06]™. Cancer-specific survival also favored segmentectomy over wedge resection,
hazard ratio 0.42 [95%CI: 0.20-0.88; P = 0.02]. They were unable to fully assess disease-free survival as only
3 studies reported data that was usable for comparison.

Unfortunately, even with all this data, the best option for high-risk patients who can undergo limited
resection, but not full lobectomy, remains unclear. Three randomized control trials are ongoing comparing
lobectomy to sublobar resection for early stage NSCLC, < 2 cm with No lymph node status™"*?. All three
studies have reported their peri-operative safety results and found no substantial differences. Suzuki et al™
noted a higher airleak rate in their 552 segmentectomy patients compared to their 554 lobectomy patients,
6.5% vs. 3.8%, P = 0.04. However, Altorki et al.’s""
sublobar resection group, 340 patients total, compared to their 357 lobectomy patients. This was despite
including wedge resections and segmentectomies in their sublobar resection group; 201 wedge resection
patients and 139 lobectomy patients”"’. Stamatis et al.”” noted equal rates of prolonged air leak in their 53
segmentectomy patients compared to their 54 lobectomy patients. Until the long-term outcomes of these
randomized control trials are evaluated, the choice of therapy should be determined by a multidisciplinary
team. Surgical resection, when feasible and preferably segmentectomy, remains the recommended
treatment if lobectomy is not possible”.

report did not note an increased airleak in their

SUBLOBAR RESECTION TECHNICAL POINTS: WEDGE RESECTION VS SEGMENTECTOMY

Patient selection remains of paramount importance for surgical procedure choice. Wedge resection and
segmentectomy are most appropriate for smaller, peripherally located lesions away from the hilum of the
lung. Segmentectomy should be favored when possible given its respect for anatomic planes, but comes
with a caveat. The target lesion mustlie within the boundaries of one segment or group of segments. One
of the authors has written extensively regarding this process and reported that patients with lesions under
2 cm that are resected with segmentectomy have no difference in outcomes compared to the patients treated
with lobectomy™ ", Segmentectomies are more technically challenging as the surgeon must create a fissure
between segments and then dissect out and ligate the segmental vessels and bronchus. Wedge resection is
performed without respect to anatomic planes or specific vessels, but can be useful when the target lesion is
very small (1 cm or less), subpleural, or crosses segmental borders. Care should be taken to ensure that the
margins from the edge of the tumor to the final staple line are appropriately wide to minimize recurrence

and that adequate lymph nodes are removed to ensure accurate staging”™*".

FUTURE DIRECTIONS

Radiomics is a rapidly growing field in which radiographic images are used to determine features such
as lesion shape, volume, texture, attenuation, and other factors that are not readily apparent or are too
difficult for an individual radiologist to assess visually or qualitatively™. Radiomics is being studied to
predict histologic subtypes, specific mutations, and benefit of adjuvant chemotherapy after resection* .
Radiomics has already been used to predict OS in NSCLC; specifically, the recurrence of NSCLC after
SBRT'“*!. Radiomics may even be able to predict survival based on resection type and offer high-risk
patients more tailored care.
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Another advancement lies in improved lesion targeting for NSCLC that is not located at the outermost
periphery. Image-guided video-assisted thoracoscopic surgery (iVATS) is an emerging technology
that is being developed to allow localization of non-palpable lesions'". Early reports indicate excellent
rates of localization using modifications of previously developed techniques with wires, microcoils,
and indocyanine green with near-infrared imaging'***”. These lesions are then removed with sublobar
resections. Of note, the use of this technology requires a hybrid operating room equipped with a CT
scanner, which is not available at all facilities. By being able to remove deeper lesions while still performing
wedge resection or segmentectomy, iVATS offers high-risk patients another surgical option for lesions that
previously may have required lobectomy.

CONCLUSION

In summary, high-risk patients remain a poorly defined group, with patients typically defined as those with
some degree of poor pulmonary function and often other significant functional or medical limitations.
In these patients, surgical resection is the gold standard relative to SBRT and ablative techniques.
Segmentectomy should be performed rather than wedge resection when feasible, and when lobectomy is
not an option. Future developments in radiomics and iVATS technique may help further refine the optimal
treatment approaches for high-risk patients.
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Obesity is a disease causing multiple comorbid health conditions such as type 2 diabetes, hypertension,
obstructive sleep apnea, back pain, and cancers. Weight loss improves overall health and quality of life.
When diets, exercise, and behavioral changes are not enough, weight loss operations can help patients lose
100 pounds or more, reverse associated health problems, and increase longevity.

In the past year, COVID-19 has affected over 1.6 million people worldwide, with over 300,000 deaths
in the Unites States alone. During this time, we have learned a lot about inflammation and response to
COVID-19. We have known that obesity creates a chronic inflammatory state and that it contributes to
many other diseases such as diabetes. However, during the COVID-19 pandemic, we have witnessed that
patients who are overweight and with weight-related illness are at higher risk of death after exposure to the
coronavirus. With a vaccine released this week, we are all hopeful for immunity. We are also more mindful
than before about the effects of obesity on health and wellbeing.

The Mini-invasive Surgery Journal sought to have a Special Issue for “Metabolic and Bariatric Surgery.”
This is a bold initiative with so many other outlets to publish manuscripts on the topic. When the Journal
asked me to co-edit the volume, I was intrigued. We recruited authors from around the world to share their
observations, science, and reviews of the literature. I am very grateful to those authors who managed to
contribute despite the pandemic considering the added demands on providers.

In this volume, Dr. Rami Lutfi"' summarized the current status of metabolic surgery. He emphasized
that bariatric operations are treating diabetes. He reviewed the STAMPEDE trial, 2nd Diabetes Surgery
Summit, and guidelines from the American Diabetes Association. He also reviewed the choice of different
operations.
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For lower weights, endoscopic therapy is evolving. Mlabasati et al.”’ at BIDMC shared lessons learned
setting up an Endoscopic Bariatric multidisciplinary program to provide intragastric balloon and endo
plication for obesity. Dr. Aurora Pryorm reviewed the endoscopic approaches to treating complications of
bariatric surgery. She noted a 4%-10% complication rate in the first month after bariatric surgery. She went
on to describe endoscopic treatments for complications of bleeding, strictures, ulcer, reflux, and weight
regain. With endoscopic techniques of injection, clipping, stents, balloons, and Stretta, the endoscope is a
valuable adjunct to providing comprehensive care.

Long-term complications of malabsorption may include vitamin deficiency such as vitamin B12, iron,
vitamin D, calcium, and folate. Calapkorur and Kiigiikkatirci from Nevsehir, Turkey described each
deficiency in detail. This review is a must read for all providers caring for postoperative bariatric surgery
patients. Vitamin deficiencies, such as in thiamine, if go unrecognized, can lead to serious and irreversible
neurological problems. Early identification and early treatment are crucial.

The sleeve gastrectomy and Roux-en-Y gastric bypass (RYGB) are the most commonly performed weight
loss operations in the world. Fontan et al.”' stated they prefer RYGB for patients with gastro-esophageal
reflux disease (GERD). However, other procedures such as the one anastomosis gastric bypass (OAGB)
have been growing in popularity despite the concern for bile reflux. The Paris Descartes Faculty of Medicine
studied reflux, Barrett’s esophagus, and esophageal cancer'. They shared their findings and concluded that
the OAGB operation appears to be safe in an animal model.

The devil is in the details with any operation. Aktokmakyan et al."” from Istanbul, Turkey reviewed the
technical steps to a perfect sleeve gastrectomy. They cited the literature including the sth International
Consensus Conference. Their paper includes high resolution intraoperative photographs. While I also
use a 36 fr Bougie to size my sleeve, I disagree that the anastomosis must be checked by methylene blue
or endoscopy. I also no longer place a drain. Today, many providers utilize an ERAS protocol that limits
narcotics and shortens hospital stay.

Fewer than 1% of the patients who meet criteria for weight loss surgery actually have an operation. Aly et al."
from Boston Medical Center reviewed psychological, social, and cultural barriers to seeking treatment and
getting care.

The Special Issue “Metabolic and Bariatric Surgery” covers the essentials of technique and perioperative
care. The Special Issue is also the first to report the use of intra-aortic balloon pump (IABP)" during sleeve
gastrectomy and complication of patulous eustachian tube (PET)"™ after sleeve gastrectomy.

Bariatric surgeons have known for a long time that metabolic operations reverse many comorbid
conditions. Society is learning that obesity and related conditions may be life-threatening and metabolic
operations lifesaving in the era of COVID-19.

DECLARATIONS
Authors’ contributions
The author contributed solely to the article.

Availability of data and materials
Not applicable.

Financial support and sponsorship
None.



Jones. Mini-invasive Surg 2021;5:4 | http://dx.doi.org/10.20517/2574-1225.2020.116 Page 3 of 3

Conflicts of interest

The author declared that there are no conflicts of interest.

Ethical approval and consent to participate

Not applicable.

Consent for publication

Not applicable.

Copyright
© The Author(s) 2021.

REFERENCES

1. Veilleux E, Lutfi R. Metabolic and bariatric surgery: diabetes - a decade of discovery. Mini-invasive Surg 2020;4:4.

2. Mlabasati J, Bilal M, Cohen J. Early lessons on assembling a center for bariatric endoscopy. Mini-invasive Surg 2020;4:42.

3. Ardila-Gatas J, Pryor A. Endoscopic approach for the treatment of bariatric surgery complications. Mini-invasive Surg 2020;4:16.

4. Calapkorur S, Kiigiikkatirci H. Vitamin deficiencies and prevention methods after bariatric surgery. Mini-invasive Surg 2020;4:15.

5. Fontan FM, Carroll RS, Thompson D, Lehmann RK, Smith JK, Nau PN. Current management of gastroesophageal reflux disease in the
obese population - a review of the literature. Mini-invasive Surg 2020;4:29.

6. M’Harzi L, Bruzzi M, Chevallier JM, Douard R. One anastomosis gastric bypass and esojejunostomy in rats: surgical techniques. Mini-
invasive Surg 2019;3:27.

7. Aktokmakyan TV, Gungor O, Sumer A. Technical details of laparoscopic sleeve gastrectomy. Mini-invasive Surg 2020;4:23.

8. Aly S, Hachey K, Pernar LIM. Gender disparities in weight loss surgery. Mini-invasive Surg 2020;4:21.

9. Narvaez A, Perez JE, Castro M, Seymour KA. Use of an intra-aortic balloon pump during laparoscopic sleeve gastrectomy. Mini-invasive
Surg 2020;4:31.

10. Larionova E, Jalisi SM, Jones DB. Hearing voices and strange noises after sleeve gastrectomy. Mini-invasive Surg 2020;4:59.



Kato et al. Mini-invasive Surg 2021 ,55 Mini_invasive Surgery
DOI: 10.20517/2574-1225.2020.98

Perspective Open Access

1) Check for updates

Indications and technical details of sublobar
resections for small-sized lung cancers based on
tumor characteristics

Hirohisa Kato, Hiroyuki Oizumi, Jun Suzuki, Katsuyuki Suzuki, Satoshi Takamori
Department of Surgery 2, Faculty of Medicine, Yamagata University, Yamagata 990-9585, Japan.

Correspondence to: Dr. Hirohisa Kato, Department of Surgery 2, Faculty of Medicine, Yamagata University, 2-2-2 lida-Nishi,
Yamagata 990-9585, Japan. E-mail: h-kato@med.id.yamagata-u.ac.jp

How to cite this article: Kato H, Oizumi H, Suzuki J, Suzuki K, Takamori S. Indications and technical details of sublobar resections
for small-sized lung cancers based on tumor characteristics. Mini-invasive Surg 2021;5:5.
http://dx.doi.org/10.20517/2574-1225.2020.98

Received: 7 Oct 2020 First Decision: 27 Nov 2020 Revised: 24 Dec 2020 Accepted: 19 Jan 2021 Published: 3 Feb 2021

Academic Editors: Alan D.L. Sihoe, Noriyoshi Sawabata Copy Editor: Xi-Jun Chen Production Editor: Yue-Yue Zhang

Abstract

With the recent increase in small-sized lung cancers, sublobar resection and minimally invasive surgeries are
becoming preferred. In particular, the detection of ground-glass nodules (GGNs) on high-resolution computed
tomography has increased. Although lobectomy has been considered a standard procedure for treating lung
cancer, sublobar resections have been indicated for treating GGN-dominant small-sized lung cancers. Wedge
resection and segmentectomy have generally been performed as sublobar resection; however, each procedure
has some technical advantages and disadvantages. Although anatomical resection as a segmentectomy is a
complicated procedure, it has recently been increasingly performed with the accurate anatomical grasp using
three-dimensional computed tomography and the identification of the intersegmental plane. Other procedures
involving the use of newer technologies can also be performed. Individualized sublobar resection might be a
suitable procedure for small-sized lung cancer with the appropriate selection of procedures based on each tumor's
characteristics and improving the methods to overcome some technical difficulties.

Keywords: Sublobar resection, ground-glass nodule, wedge resection, segmentectomy, subsegmentectomy,
thoracoscopic surgery
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INTRODUCTION

On the basis of a study by Ginsberg et al."”, it has been considered that lobectomy is the standard procedure
for lung cancer treatment. However, more than 20 years have passed since this evidence was reported, and
the concept may be inappropriate for small-sized lung cancers in the present era. Recently, the number of
detectable small-sized tumors has been increasing owing to the widespread use of computed tomography (CT).
It has been reported that prognosis is good if the tumor has a ground-glass opacity (GGO). In their report,
Ginsberg et al" did not adequately consider the characteristics of ground-glass nodules. Noguchi ef al.”' reported
that wedge resection for small, non-small cell lung cancers (NSCLCs) with GGO has been associated with
favorable outcomes.

Moreover, most GGO-dominant lung nodules are adenocarcinoma in situ (AIS) or minimally invasive
adenocarcinoma, which has a good pathological prognosis[“]. Therefore, the trend of surgical procedures
for small-sized GGO-dominant lung nodules has changed from lobectomy to sublobar resection. According
to the annual reports from the Japanese Association of Thoracic Surgery, the number of sublobar resections
for lung cancer during 2013 to 2017 gradually increased from 23.7% to 27%". Among sublobar resections,
wedge resection and anatomical sublobar resections (e.g., segmentectomy) have become widely performed
for lung cancers owing to recent technological advancements.

This article aims to describe the indications, methods, problems, and improvements of sublobar resections
for small-sized GGO-dominant lung cancers based on the recent literature. We also describe our recent
experience with sublobar resections and prospects for future procedures regarding sublobar resections for
small-sized lung cancers.

INDICATIONS FOR SUBLOBAR RESECTION

Many reports have compared the use of sublobar resection and lobectomy in small-sized lung cancers,

especially those less than 2.0 cm in diameter*™. A randomized trial for peripheral small-sized lung

cancer < 2.0 cm in diameter, with or without GGO components such as CALBG 140503 and JCOGo0802/

W]OG[460]7L, is currently in progress, and the superiority of sublobar resections is expected to be
14,15

proven .

The prognosis of small-sized GGO-dominant lung cancers is generally good™. Yano et al." reported that
patients with small-sized GGO-dominant lung cancers were good candidates for limited wedge resection
and segmentectomy. Among tumor characteristics seen on CT, tumor size and GGO ratio are important
factors for the indications of sublobar resection. Asamura ef al.”” reported that tumors < 2 cm in diameter
with a GGO ratio > 75% on radiography were pathologically non-invasive. Nakata et al."” indicated
that patients with GGO ratios > 50% should be considered candidates for sublobar resection, although
those with a GGO ratio of 50% exhibited vessel infiltration and experienced local recurrence after wedge
resection. Recently, Sagawa et al."* reported that lung cancer patients with a GGO ratio of > 80% were good
candidates for sublobar resection.

On the basis of these reports, we have indicated sublobar resection for indeterminate lung nodules in our
institution when tumor characteristics meet the following criteria, to strictly secure oncological outcomes:
(1) a tumor size < 2 cm; and (2) a GGO ratio > 80%. Moreover, sublobar resection has also been indicated
for patients whose heart and pulmonary functions are compromised to preserve pulmonary function"”
In other words, sublobar resection is indicated for the following two types: (1) an intentional curative
resection for small-sized GGO-dominant lung cancer; and (2) a palliative resection for compromised

patients with whom lobectomy is intolerable due to poor pulmonary function.



Kato et al. Mini-invasive Surg 2021;5:5 | http://dx.doi.org/10.20517/2574-1225.2020.98 Page 3 of 11

Right Left

Lobectomy

Partial resection
(Precision excision)

3 A

Partial resectioh
(Wedge resection)
-Sublobar resection- -Lobectomy-

Figure 1. Procedure types for lung cancer. Although lobectomy is a standard procedure, sublobar resections such as segmentectomy,
subsegmentectomy, and partial resections have also been performed in the treatment of small-sized lung cancer.

On the other hand, if sublobar resection is acceptable for small-sized lung nodules, a thoracoscopic
approach is highly desirable as a minimally invasive surgery. The thoracoscopic approach has better
outcomes than thoracotomy in maintaining patients’ quality of life and preventing complications. It is
preferred over thoracotomy because of its advantages of decreased postoperative pain, shortened chest
tube duration, shortened length of hospital stay, faster return to preoperative activity levels, and preserved
. [20,21] . . P ..
pulmonary function . Therefore, thoracoscopic sublobar resection is in great demand as a minimally
invasive surgical procedure.

TYPES OF SUBLOBAR RESECTIONS AND THE TECHNICAL ASPECTS OF EACH PROCEDURE

Although lobectomy has been traditionally performed as a standard procedure in many patients with
lung cancer, sublobar resections have also been performed according to each patient’s preoperative
condition [Figure 1]. Among sublobar resections, wedge resection and segmentectomy have generally
been performed for small-sized lung cancer treatments. Wedge resection has been widely performed to
diagnose indeterminate lung nodules or to cure small-sized GGO-dominant lung tumors, as the procedure
is not complicated”. Although segmentectomy is generally thought to be more complicated than wedge
resection, the oncological outcomes of segmentectomy in a propensity-matched study were comparable to
those of lobectomy for patients with early-stage NSCLC"". Therefore, segmentectomy has been advocated

as an alternative procedure for lobectomy in recent years"”

In addition to wedge resection and segmentectomy, other procedures such as subsegmentectomy have also
been performed, although not as commonly as wedge resection and segmentectomy.

Subsegmentectomy is a more minute anatomical procedure than segmentectomy, and it is indicated
for smaller GGO-dominant lung cancers in which a sufficient surgical margin can be secured. In this
.. . . [23] . .
procedure, it is necessary to understand more peripheral anatomical structures . If the tumor size is small
and the GGO component ratio large, and if a sufficient surgical margin can be secured, subsegmentectomy
can be accepted as a procedure among sublobar resections because the number of reports on the procedure
has increased recently®*. Another characteristic of subsegmentectomy is that it has the advantage
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of securing better surgical margins by segmentectomy combined with adjacent subsegmentectomy if
segmentectomy alone cannot secure sufficient surgical margins.

Perelman first described the traditional precision excision method; it is somewhat similar to wedge
resection but involves the non-use of some staplers and the use of electrocautery to secure a sufficient
surgical margin"**. This method has the following advantages: (1) maximum conservation of lung tissue
in limited resection for deep-seated lesions; (2) minimal deformity or damage to the adjacent lung tissue;
and (3) ability to obtain the maximum margin of tissue around lesions"”. A large wedge resection using
a stapler might cause a large deformation; in such cases, this method can be advantageous. In particular,
when the tumor is superficial on a flat surface, such as interlobar in hilum site or at the bottom of the lower
lobe, this method might be useful, as wedge resection using a stapler might be impossible to perform due
to a thick parenchyma.

While segmentectomy and subsegmentectomy are anatomical resections, wedge resection and precision
excision are non-anatomical resections. There are some advantages and disadvantages to anatomical
resections because it is necessary to dissect the hilar area. While lymph node metastasis can be evaluated
via lymph node dissection, severe adhesion of the hilum can occur after surgery. Therefore, in cases
where cancer recurs and a second surgery is needed after the first surgery, it is assumed that performing a
second surgery is difficult due to severe adhesions. On the other hand, although non-anatomical resections
have an advantage in that adhesion of the hilum is less likely to occur, it is challenging to evaluate lymph
node metastasis. Therefore, non-anatomical resections might be appropriate for cases that do not require
evaluation of lymph node metastasis. Thus, there are conflicting differences between anatomical and non-
anatomical resections. Careful selection of these procedures must be performed by considering the future
clinical course of each patient.

Generally, the decision between anatomical resection as segmentectomy and non-anatomical resection
as wedge resection depends on the tumor location in small-sized lung cancer. For example, Doo et al.®”
reported that wedge resection would be difficult for tumors located > 20 mm from the pleural surface.
Suzuki et al.”” suggested that the probability of nodule detection failure is high for tumors located > 5
mm from the pleural surface and for tumors < 10 mm in diameter. In sublobar resection techniques, it is
important to secure sufficient surgical margins from targeted tumors™. The surgical margins are assumed
to be more limited in wedge resection than in segmentectomy because wedge resection for tumors deeply
located from the pleural surface makes it difficult to secure an adequate surgical margin. Mohiuddin et al.”"
reported that the margin distance in wedge resection for small non-small cell carcinoma affects local
recurrence and that increasing the margin distance significantly decreases the local recurrence risk. The
selection of these procedures should be considered to secure sufficient surgical margins based on tumor
characteristics, such as tumor location, size, and depth from the pleural surface. However, the types
of sublobar resection remain controversial®”. The selection of sublobar resections may differ in each
institution because each procedure has its own respective advantages and disadvantages for a precise
resection that can secure a sufficient surgical margin.

TECHNICAL PROBLEMS OF SUBLOBAR RESECTIONS

Localization of a small-sized tumor during wedge resection

Although wedge resection is a simple procedure, precise resection of the targeted tumor is challenging
when the tumor location is undetectable. For example, when the tumor is located deep within the
parenchyma, tumor detection is complicated because these tumors are not easily visualized or palpated by
the surgeon’s finger under thoracoscopy. Therefore, the localization and identification of small-sized GGO
lung tumors during thoracoscopic surgery is challenging, and various methods have been reported®™.
The standard traditional method using a CT-guided hook wire involves the risk of complications such as
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Figure 2. Slip-knot technique. The slip-knot made with a monofilament thread is fully pulled to ligate the targeted segmental bronchus
after bilateral lung ventilation. The affected segment remains inflated, while adjacent segments appear collapsed. The targeted segmental
bronchus is then divided with a stapler.

pneumothorax, hematoma, and air embolism®™™**. Therefore, to avoid these complications, the development
of alternative methods has been discussed in recent years.

Identification of intersegmental planes in segmentectomy

In segmentectomy and subsegmentectomy;, it is essential to understand the precise anatomy of the patient’s
bronchus and pulmonary vessels. To precisely understand the anatomic structure of the pulmonary
vessels and bronchus, three-dimensional (3D) CT reconstruction is used. There are many reports on
the understanding of anatomical structures using a 3D reconstruction tool**". The critical process of
segmentectomy and subsegmentectomy is ensuring the intersegmental plane and the intersubsegmental
plane while dividing the parenchyma along the intersegmental and intersubsegmental lines. Although
the inflation-deflation line using jet ventilation is a traditional method used to ensure the intersegmental
plane and the intersubsegmental planes'*”, its disadvantages include lack of technical skills for performing
bronchoscopy by anesthesiologists, use of jet ventilation, and difficulty in patients with emphysematous
lung. Accordingly, other methods for visualizing the intersegmental plane (selective dye injection into the
segmental bronchus using a needle) have been reported*”’. Although this technique may be accessible in
open thoracotomy, it is difficult to complete during thoracoscopic surgery. To perform segmentectomy
thoracoscopically, we have improved thoracoscopic segmentectomy using the following simplified
technique: the slip-knot technique for creating an intersegmental plane [Figure 2]". The essential device
of this technique is simply a slip-knot made by a monofilament thread, and the essential process is merely
pulling of the slip-knot. Therefore, this method is simpler, easier, and less expensive than any other
conventional method. In our institution, air insufflation through a targeted segmental bronchus incision
has recently been performed [Figure 3]. We believe this technique is simple and useful.

RECENT TECHNICAL IMPROVEMENTS IN THORACOSCOPIC SUBLOBAR RESECTIONS
Localization methods for small-sized tumors in wedge resection

In the localization method of wedge resection for targeted tumors, Gill et al.*”’ conducted a prospective
clinical trial of image-guided video-assisted thoracoscopic surgery (iVATS), in which percutaneous
markings are created with two T-bars utilizing intraoperative C-arm CT. In this study, the targeted tumor
was successfully resected with no intraoperative complications. In recent years, the number of iVATS
methods has increased due to the introduction of C-arm CT in many institutions'***”. This method,
which is advantageous without serious complications, was also introduced to our institution. Moreover,
the most recent technology is the marking method in which the area near the tumor is marked using a
wireless marking system (The radiofrequency identification system, Hogy Medical Co, Ltd, Tokyo, Japan)™.
This method is a transbronchial approach using bronchoscopy and can reduce complications such as air
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Figure 3. The targeted segmental bronchus incision is made to inflate the affected segment by air insufflation.

embolism by avoiding parenchymal puncture. Although these methods depend on the equipment of every
institution, it is expected that an iVATS method or a wireless marking system will become a significant
method of tumor identification in the future.

Identification methods for intersegmental planes in segmentectomy

For visualization and division of the intersegmental plane in segmentectomy, a new thoracoscopy detection
method involving the use of indocyanine green has become increasingly popular ", Furthermore, Sato et al.””
reported that the VAL-MAP method, which can secure sufficient surgical margins using the dye around
the tumor before segmentectomy, has been growing increasingly popular in Japan. Regarding the 3D
reconstruction of pulmonary vessels and the bronchus, there is an improvement in 3D-CT and anatomical
reconstruction progression in 3D models’ references using 3D printers”™”. These improvements have
assisted in the performance of various types of thoracoscopic segmentectomies.

THORACOSCOPIC SUBLOBAR RESECTIONS BASED ON INDICATION CRITERIA FROM OUR
INSTITUTION AND PROSPECTS FOR SUBLOBAR RESECTION

Based on the above description, we performed sublobar resections for patients who meet the following
criteria: (1) non-solid lung tumor with planned resection of a cT1aNoMo primary lung cancer, < 2 cm in
diameter, with a GGO ratio > 80%, as determined by high-resolution CT in patients with good pulmonary
function and who can tolerate lobectomy; and (2) limited cardiopulmonary reserve or organ failure
in compromised patients who are considered poor candidates for lobectomy. Regarding the approach,
thoracoscopic sublobar resection was indicated whenever we thought it was possible. Our thoracoscopic
surgical strategy for small-sized lung nodules is shown in Figure 4.

In September 2015, we introduced a hook wire method under general anesthesia using C-arm CT to avoid
complications such as air embolism [Figure 5A and B]. To prevent air embolism, CT-guided lung biopsy
under breath-holding and hook wire localization after exhalation has been reported because negative
intrathoracic pressure is assumed to be associated with atmospheric air aspiration into the pulmonary
vasculature”™*, We applied the hook wire method based on the assumption that air embolism might occur
under spontaneous breathing but not at the end of the exhalation phase because it is assumed that breath-
holding might be easier to manage under general anesthesia. We performed wedge resection using this
method in 16 cases; serious complications such as air embolism did not occur during the procedure. The
precision excision method has been performed in approximately 20 cases since 2009 [Figure 6A-C]. In this
method, we used an energy device to divide the parenchyma in addition to electrocautery, and the energy
device was useful in the control of bleeding and air leakage during the surgery. This method was indicated
for cases in which tumor resection using a stapler was expected to be inappropriate due to the tumor’s
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Tumor Size: <2 cm
(Tumor Marker: WNL)

Solid Non-solid

Suspicious of | Suspicious of GGO ratio
Metastatic tumor | Lung cancer <80% | 80-100%

80-99% | 100%

Wedge or Seg Lob+ Lob+ Seg+ND1 ‘ ‘ Wedge or Seg
ND2a-2 ND2a-1

Figure 4. Thoracoscopic surgical strategy for a small-sized lung tumor in our institute. WNL: Within normal limit; GGO: ground-glass
opacity; Wedge: wedge resection; Lob: lobectomy; Seg: segmentectomy; ND: nodal dissection.

Figure 5. Current tumor marking method: A hook wire placement is performed under general anesthesia in a hybrid operating room.
After the patient was intubated with a double-lumen tube under general anesthesia, the targeted tumor was identified using C-arm CT
(A). A hook wire was then inserted near the targeted tumor, referring to the CT image (B). After tumor marking, the targeted tumor was
resected via wedge resection.

Figure 6. Precision excision method for small-sized tumors. First, some markings were performed around the targeted tumor using
electrocautery (A). Second, the visceral parenchyma was divided with a sufficient surgical margin using electrocautery (B). Finally, the
parenchyma was divided using an energy device, and the targeted tumor was resected (C).
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Figure 7. A three-dimensional model of the pulmonary vessels and bronchus was made using a three-dimensional printer. The pink color
represents the targeted tumor, the white color represents the bronchi, the red color represents the pulmonary arteries, and the blue color
represents the pulmonary veins.

location. The surgical margins were sufficiently secured, and there were no recurrences.

Recently, we introduced a wireless marking method for the treatment of indeterminate lung nodules'.
Three patients underwent wedge resection after marking. In all cases, the tumors were completely resected,
and one patient was diagnosed with AIS. Although the number of cases is still small, we believe that these
methods are useful for tumor identification in wedge resection.

From July 2004 to August 2020, thoracoscopic segmentectomy and subsegmentectomy for lung cancer
were performed using 3D-CT simulation in 366 patients. Segmentectomy was done in 247 cases,
subsegmentectomy in 69 cases, and segmentectomy combined with adjacent subsegmentectomy in 50
cases. We applied 3D-CT simulation and the slip-knot technique for these anatomical sublobar resections.
First, the parenchyma was dissected using an energy device from the hilar site to the peripheral site along
the intersegmental veins. Following the division of the segmental artery and vein, the segmental bronchus
was dissected, and an inflation-deflation line was created*. The inflation-deflation line can be gradually
identified as the intersegmental line. The bronchus was then divided with a stapler or ligated with a silk
thread based on the bronchial diameter. The parenchyma was then dissected along the intersegmental veins
and the inflation-deflation lines using either an electrocautery or an energy device, and the venous branches
running into the affected segment were divided. Finally, the peripheral parenchyma was divided using
a stapler. With these techniques, our thoracoscopic segmentectomy and subsegmentectomy procedures
secured sufficient surgical margins and were thoroughly improved. The outcomes of thoracoscopic
segmentectomy and subsegmentectomy were excellent, and there were no recurrences in intentional cases
on the basis of our criteria of sublobar resections, although a small number of compromised cases were
known to have recurrences. Thus, we performed thoracoscopic sublobar resections for small-sized lung
cancers using these methods, and the outcomes were satisfactory in terms of curative operation. Although
we have mainly indicated sublobar resection in GGO-dominant tumors, this procedure might also be
indicated in small-sized solid tumors less than 2.0 cm in diameter because previous studies have reported

favorable outcomes"”".

In recent years, we have referred to a 3D model of the pulmonary vessels and bronchus before and during
surgery [Figure 7A and B]. The model is useful for understanding the precise anatomy of each patient. We
prepared this model mainly for anatomical sublobar resections in patients with whom tumor localization is
expected to be difficult. Moreover, reports on the single-port approach have been increasing. We also began
various types of segmentectomies using this approach and investigated its safety and feasibility.
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Furthermore, minimally invasive surgery has progressed in robotic surgery. Robotic surgery is more
suitable for small spaces, such as the pelvic cavity. A small working space is sufficient to perform sublobar
resections. A new style robot system such as a da Vinci SP may be effectively used for sublobar resections
as a minimally invasive surgical procedure in the future.

The selection of procedures for sublobar resection must be adapted to each patient according to tumor size,
GGO ratio, and tumor location. Individualized sublobar resection will continue to evolve with applications
such as CT and other new methods.

In conclusion, thoracoscopic sublobar resection might be a suitable procedure for small-sized lung cancers
with the appropriate selection of procedures based on each tumor’s characteristics and methods described
herein and will continue to be further improved with new technologies in the future.
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Abstract

Aim: Partial nephrectomy is the standard treatment for small renal tumors; however, it remains unclear which
surgical approach from among robot-assisted partial nephrectomy (RAPN) and open partial nephrectomy
(OPN) is superior. This study aimed to compare perioperative outcomes of RAPN and OPN performed at a single

institution after adjusting for preoperative patient and tumor characteristics using propensity score matching
(PSM).

Methods: In this retrospective cohort study, patients who underwent RAPN or OPN for a renal mass of cT1-2 NO
MO between 2005 and 2020 at our institution were recruited. The study outcomes were perioperative outcomes,
complications, and pathological and functional outcomes. PSM was used to account for baseline covariates.

Results: Overall, 131 RAPN and 71 OPN cases were extracted; in addition, 58 cases of RAPN and OPN were
selected via PSM. RAPN was superior to OPN in terms of estimated blood loss (10 g vs. 160 g, P < 0.001), ischemia
time (23 min vs. 34 min, P < 0.001), and hospital duration (7 days vs. 12 days, P < 0.001). There were no significant
differences in the incidence of perioperative complications or in the rate of positive surgical margins (both P >
0.05). With respect to functional outcomes, the rates of preservation of renal function at both 1 day and 3 months
postoperatively were higher with RAPN than with OPN (85.3% vs. 69.1% and 93.3% vs. 85.6% respectively, both P < 0.001).
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Conclusion: In selected cases, RAPN with warm ischemia appears to preserve renal function equally well or better
compared to OPN with cold ischemia.

Keywords: Partial nephrectomy, robot-assisted nephrectomy, open surgery, perioperative outcomes, renal
function, propensity score matching

INTRODUCTION

Partial nephrectomy (PN) for localized renal cell carcinoma has been reported to have oncological
outcomes equivalent to those achieved by radical nephrectomy, with preservation of postoperative renal
function™. As a result, PN has become the standard treatment for small renal cell carcinomas.

Robot-assisted partial nephrectomy (RAPN) is recognized as a minimally invasive surgical method. Its
application as an alternative to open partial nephrectomy (OPN) is rapidly growing[“]. This is largely due to
RAPN’s high-definition 3D optical system and flexible wristed instruments that allow surgeons to perform
tumor excision and renorrhaphy with an accuracy equal to or greater than that achieved by OPN'".

Various studies have compared RAPN and OPN™". However, because the outcomes of PN are influenced
by several factors, including tumor location, anatomical complexity, patient renal function, and operator
proficiency, there is some controversy over which surgical approach is superior. Current guidelines do not
indicate a preference for one technique over the other, leading to decisions being predominantly made on
the basis of the surgeons” expertise and skills",

The present study aimed to comprehensively compare the perioperative outcomes of RAPN and OPN
performed at a single institution after adjusting for preoperative patient and tumor characteristics using
propensity score matching (PSM).

METHODS
Study population

This study was approved by the Ethics Committee of Kyoto University Graduate School and Faculty of
Medicine (R1581).

We retrospectively collected clinical data of 202 patients with renal masses of ¢T1-2 cNo cMo diagnosed via
CT or MRI who underwent RAPN or OPN between 2005 and 2020 at Kyoto University Hospital. During
this period, RAPN was performed by 10 experienced surgeons and OPN was performed by 15 experienced
surgeons. The choice of the surgical method (RAPN or OPN) was determined on a case-by-case basis at
a preoperative medical conference. However, due to insurance coverage changes that came into effect in
2016, RAPN became the preferred technique. As a general rule, OPN has been applied to patients with
a single kidney or chronic kidney disease (CKD) grade 4 or higher (eGFR < 30) since 2016. Cases where
preoperative imaging was not available were excluded from the study because the anatomic complexity
of the tumors could not be accurately determined. Cases with multiple tumors were also excluded for
the same reason. Cases in which other surgeries were simultaneously conducted with PN were excluded
because perioperative outcomes of PN surgery could not be accurately evaluated.

Surgical technique

The surgeons at our hospital have received adequate surgical training, have performed many operations at
our hospital and other institutions, and are qualified practitioners in Japan. The RAPN procedure employed
at our hospital was relatively similar to that reported by Kaouk et al."* and was performed using the da
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Vinci S or Xi surgical system (Intuitive, CA, USA). In many cases, the renal artery was clamped using a
bulldog clamp. However, when the tumor was superficial and peripheral, the zero ischemia technique was
performed, in which the renal artery was not clamped"”. The tumor was then resected along its outline, as
confirmed by ultrasonography beforehand. The resection margin was 3-5 mm. If the renal pelvis was open,
a central suture was performed to ensure that there was no urine leak before renorrhaphy. The renal artery
was declamped after renorrhaphy to check for bleeding from the cut surface.

OPN was performed using the subcostal or flank approach. In most cases, the retroperitoneal approach was
used, and OPN under cold ischemia was performed. The renal artery was clamped, and the entire kidney
was surrounded by ice slush for 5-10 min before tumor resection"®. Open calyces and bleeding sites were
carefully repaired and renorrhaphy was performed. The renal artery was declamped after renorrhaphy.

Outcomes of interest

The primary and secondary outcomes were examined and compared as evaluation points between RAPN
and OPN.

The primary outcomes were perioperative outcomes, namely estimated blood loss (EBL), operative time,
ischemia time, and hospital stay. All intraoperative and postoperative complications were also evaluated
based on the Clavien-Dindo (CD) classification™”.

The secondary outcomes were pathological and functional outcomes, namely the rates of malignancy,
positive surgical margins in malignancy, and pathological stage. Renal function was measured at baseline
and at 1 day and 3 months postoperatively based on the estimated glomerular filtration rate (eGFR). The
ratio of eGFR at both 1 day and 3 months postoperatively to the baseline eGFR (% preservation of eGFR)
was used as an index to evaluate the postoperative residual renal function.

Covariates

Patients” preoperative variables were analyzed as covariates, including age at treatment, sex, body mass
index (BMI), Charlson comorbidity index (CCI)"”, preoperative eGFR, clinical stage, clinical tumor
size (the maximum diameter at preoperative imaging), and tumor side (left or right). Tumor complexity
and anatomical characteristics were determined by the urologist and defined using the total “RENAL”
nephrometry score'™, namely Radius (tumor size as maximal diameter), Exophytic/endophytic properties
of the tumor, Nearness of tumor’s deepest portion to the collecting system or sinus, Anterior/posterior
descriptor, and the Location relative to the polar line.

Statistical analyses

Statistical analyses and interpretation of the results were performed according to established guidelines™”.

Continuous variables are presented as median and interquartile range (IQR) or mean and standard
deviation. Categorical variables are presented as frequency and proportion. Differences in the distribution
of continuous and categorical variables between the RAPN and OPN groups were compared using the
Mann-Whitney and chi-square tests, respectively.

Adjustments were made using 1:1 nearest-neighbor PSM to account for possible baseline differences
between patients who underwent OPN and RAPN™". Propensity scores were calculated using a logistic
regression model with odds of receiving RAPN as a dependent variable and age at treatment, sex, BMI,
CCI, preoperative eGFR, clinical stage, clinical tumor size, tumor side (right or left), individual RENAL
score item, and total RENAL nephrometry score as independent variables. After balanced matching of
covariates, the effects of the surgical procedures on outcomes were estimated using the Mann-Whitney and
chi-square tests for continuous and categorical variables, respectively.



Page 4 of 11 Sawada et al. Mini-invasive Surg 2021;5:6 | http://dx.doi.org/10.20517/2574-1225.2020.100

All statistical tests were performed using JMP Pro 15.1.0. For all statistical analyses, P < 0.05 was considered
statistically significant.

RESULTS

Patient characteristics

As shown in Table 1, a total of 202 patients (131 RAPN and 71 OPN) were included in this study. Prior
to PSM, the patients in the cohort who underwent RAPN had a significantly higher BMI (P = 0.006) than
those who underwent OPN. Furthermore, they had significantly lower RENAL nephrometry scores than
those who underwent OPN (6.8 + 1.61 vs. 7.5 + 1.56, respectively; P = 0.003). A total of 116 cases were
compared, comprising 58 RAPN cases and 58 OPN cases that were matched by PSM. In the post-PSM
cohort, there were no differences between the RAPN and OPN groups for any of the covariates assessed (all
P> 0.05) [Figure 1].

Perioperative outcomes and complications

EBL was significantly higher and hospital stay longer in the OPN group than in the RAPN group [Table 2].
Ischemia time was significantly longer in the OPN group than in the RAPN group; however, cold ischemia
time accounted for the majority of the ischemia time in the OPN group.

There were no intraoperative complications in any of the 116 cases selected by PSM. However,
postoperative complications occurred in 11 patients who underwent OPN and 8 patients who underwent
RAPN.

In both patients who underwent RAPN and OPN, postoperative complications of CD grade 3 or higher
included urinomas requiring ureteral stenting and pseudoaneurysms requiring embolization. There was no
significant difference in the incidence of postoperative complications between OPN and RAPN [Table 2].

Pathological outcomes

After PSM, one case of pT2a and one case of pT3a were observed in patients who underwent OPN. There
was no difference between the OPN and RAPN groups in terms of positive surgical margins [Table 3].

Functional outcomes

In the post-PSM cohort, the % preservation of eGFR at both 1 day and 3 months postoperatively was
significantly better in the RAPN group than in the OPN group, although the eGFR at 3 months was not
significantly different between the two groups. There were fewer cases with upstaged CKD grades in the
RAPN group than in the OPN group (30 cases with OPN vs. 17 cases with RAPN; P = 0.014) [Table 3]. The
changes in eGFR for all cases, imperative cases, and elective cases are shown in Figure 2.

Multivariate analysis

In the pre-PSM cohort, RAPN was found to be a good predictor of EBL (P < 0.0001), ischemia time (P <
0.0001), transfusion rate (P = 0.019), hospital stay (P < 0.0001), eGFR (P < 0.0001) and % preservation of
eGFR (P < 0.0001) at the 3" postoperative month (POM), and CKD upstaging (P = 0.001) via multivariate
analysis [Figure 3].

DISCUSSION

Previous studies have shown mixed results when comparing the outcomes of RAPN and OPN. Simhan et al.™
compared perioperative outcomes of 281 patients with moderately and highly complex renal lesions.
The results showed that RAPN yielded perioperative and functional outcomes similar to OPN, with
the additional benefit of shorter hospital stays. Garisto et al'’ compared perioperative, functional, and
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Table 1. Descriptive characteristics of the study population and tumor characteristics

Cohort before PSM Cohort after PSM
Variables OPN (@ =71) RAPN (7 =131) Pvalue OPN (7 =58) RAPN (7 =58) Pvalue SMD
Age (yr) 0.065 0.36 0.173
Mean (SD) 59.4 (14.1) 63.0 (12.7) 59.3(13.4) 61.7 (14.3)
Sex, n (%) 0.56 0.83
Male 51(71.8) 99 (75.6) 43 (74.1) 44 (75.9)
Female 20(28.2) 32 (24.4) 15 (25.9) 14 .(24.0)
BMI, kg/m’ 0.006 0.78 0.052
Mean (SD) 23.2(40) 24.8 (3.8) 23.8(4.2) 23.6 (3.5)
Charlson comorbidity index, n 0.36 0.90
(%)
0 35(49.3) 76 (58.0) 30 (51.7) 29 (50.0)
1 11(15.5) 28 (21.4) 11 (19.0) 11 (19.0)
2 19 (26.8) 20 (15.3) 15 (25.9) 14 .(24.0)
>3 6 (8.4) 7 (5.3) 234 4(6.9)
eGFR (mL/min/1.73 m?) 0.35 0.51 0.275
Median (IQR) 64.1(451-86.0) 66.3(56.6-77.0) 64.7 (471-86.0)  62.1(54.9-73.3)
Imperative case, n (%) 34 (479) 44 (33.6) 0.046 24 (41.3) 25 (43.0) 0.85
Clinical stage, n (%) 0.19 1.00
cTla 55(77.5) 111(84.7) 49 (84.5) 49 (84.5)
cT1b 13(18.3) 20 (15.3) 9 (15.5) 9 (15.5)
cT2a-b 2(2.8) 0(0) 0(0) 0(0)
Tumor size (cm) 0.26 0.63 0.089
Median 3.0 2.7 2.5 3.0
IQR 21-39 2.0-35 1.8-3.6 2.0-3.7
Tumor side, n (%) 0.45 1.00
Left 37 (52.1) 61(46.6) 28 (48.3) 28 (48.3)
Right 34 (479) 70 (53.4) 30 (51.7) 30 (51.7)
RENAL nephrometry score
Radius, n (%) 0.08 0.80
<4cm 54 (76.1) 111(84.7) 49 (84.5) 48 (82.8)
4-7 cm 15 (211) 20 (15.3) 9 (15.5) 10 (17.2)
>7cm 2(2.8) 0 () 0(0) 0(0)
Exophytic/endophytic 017 0.71
>50% Exophytic 25(35.2) 53 (40.5) 20 (34.5) 23(39.7)
< 50% Exophytic 33 (46.5) 66 (50.4) 27 (46.6) 27 (46.4)
Endophytic 13(18.3) 1290 11 (19.0) 8(13.8)
Nearness to the collecting 0.25 0.90
system
>7 mm 15 (211 42 (32.1) 14 (24.0) 12 (20.7)
4-7 mm 16 (22.5) 24 (19.8) 11 (19.0) 11 (19.0)
<7 mm 40 (56.3) 65 (49.6) 33(56.9) 35(60.3)
Anterior/posterior, n (%) 0.52 0.23
Anterior 37 (52.1) 60 (45.8) 30 (51.2) 28 (26)
Posterior 29 (40.9) 56 (42.3) 24 (41.4) 31(53.5)
Location relative to the polar 0.02 1.00
lines
Above or below the polar 16 (22.5) 56 (42.8) 16 (27.6) 16 (27.6)
line
Lesion crosses the polar 33 (46.5) 44 (33.6) 23(39.7) 23(39.7)
line
>50% is across the polar 22 (31.0) 31(23.7) 19 (32.8) 19 (32.8)
line and crosses the axial
midline entirely between
the polar lines
Total score, mean (SD) 7.5 (1.56) 6.8 (1.61) 0.003 74 (1.58) 7.4 (1.51) 0.95 0

RAPN: Robot-assisted partial nephrectomy; OPN: open partial nephrectomy; PSM: propensity score matching; eGFR: estimated
glomerular filtration rate; SD: standard deviation; IQR: interquartile range; SMD: standardized mean difference; Imperative case: single
kidney, bilateral tumors, or chronic kidney disease (eGFR < 60).
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Figure 1. Distribution of the propensity scores. Before PSM (left) and after PSM (right). PSM: propensity score matching; OPN: open
partial nephrectomy; RAPN: robot-assisted partial nephrectomy.

Table 2. Comparison of perioperative outcomes between patients treated with RAPN and those treated with OPN after propensity
score matching for clinical characteristics

Variables OPN (7 =58) RAPN (7 = 58) P value

EBL (mL) <0.001
Median (IQR) 160 (90-300) 10 (0-60)

Operative time (min) 0.003
Median (IQR) 232 (200-260) 258 (223-297)

Renal artery clamping, n (%) 0.31
Main artery clamping 55(94.8) 57 (98.3)
Zero ischemia 3(5.2) 101.7)

Ischemia time (min) <0.001
Median (IQR) 34 (26-44) 23 (18-28)
Cold ischemia time 27 (21-36) 0
Transfusion, n (%) (including autologous blood 4(6.9) 10.7) 017
transfusions)

Hospital stay, days <0.001
Median (IQR) 12 (9-14) 7 (7-9)

Conversion to radical nephrectomy, n (%) 2(3.5) 2(3.5) 1.0
Overall postoperative complications, n (%) 11(19.0) 8(13.8) 0.64
Clavien-Dindo complication <2 8 (13.8) 3(5.2) omn
Clavien-Dindo complication >3 3(5.2) 5(8.6) 0.46

EBL: estimated blood losses, IQR: interquartile range; OPN: open partial nephrectomy; RAPN: robot-assisted partial nephrectomy.

oncological outcomes of RAPN and OPN for the treatment of highly complex renal tumors of 279 cases.
Their results indicated that RAPN presents a safe and effective alternative to OPN for highly complex renal
tumors, with advantages of reduced blood loss, shorter ischemia time, and shorter length of hospital stay.
Other original studies comparing RAPN with OPN have reported that the advantages of RAPN include
lower rates of complications™**". Although, there are many retrospective studies comparing OPN and
RAPN, few have compared these surgical approaches in a single-institutional setting using PSM. Because
our study analyzed RAPN and OPN from a single institution and matched the patients’ backgrounds and
tumor complexities using PSM, we believe that our results provide a higher level of evidence. In fact, the
use of PSM for all preoperative factors, including the RENAL score, in both groups, which are thought
to play important roles in determining the indications and outcomes of RAPN and OPN, resulted in no
significant differences between the two groups.
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Table 3. Pathological and functional outcomes
Variables OPN (7 =58) RAPN (7 =58) P value
Pathological outcomes
Malignancy, n (%) 55(94.8) 52 (89.7) 0.30
Positive surgical margins, n (%) 0/55 (0) 1/52 (1.9) 0.50
Stage at final pathology 0.30
pTla 50 (86.2) 45 (77.6)
pTlb 3(5.2) 6 (10.3)
pT2a-b 101.7) 0 (0)
pT3a 101.7) 0(0)
uncertain 3(5.2) 7 (271
Functional outcomes
eGFR at POD 1, mL/min/1.73 m’
Median (IQR) 44.4 (32.3-64.1) 53.1(40.8-66.6) 0.047
% preservation of eGFR at POD 1 69.1 (40.8-66.6) 85.3(72.0-95.4) <0.001
compared with baseline, (%)
eGFR at 3rd POM, mL/min/1.73 m?
Median (IQR) 56.5 (41.9-72.7) 58.3(48.9-72.0) 0.19
% preservation of eGFR at 3rd POM 85.6 (78.6-88.6) 93.3(83.4-100.9) <0.001
compared with baseline, (%)
CKD upstaging at 3rd POM, n (%) 30 (51.7) 17 (29.3) 0.014

RAPN: Robot-assisted partial nephrectomy; OPN: open partial nephrectomy; eGFR: estimated glomerular filtration rate; IQR: interquartile
range; POD: postoperative day; POM: postoperative month; CKD: chronic kidney disease.

The results of our study indicate that RAPN is superior to OPN in terms of EBL, ischemia time, and length
of hospital stay. In OPN, cases with long ischemia time of more than 40 min were observed, which were
caused by difficulty in suturing and hemostasis owing to difficulty in visualizing the site of the opening of
the renal pelvis and bleeding point. We found no significant differences in the incidence of perioperative
complications or in the rate of positive surgical margins. With respect to functional outcomes, the rates
of preservation of renal function at both 1 day and 3 months postoperatively were higher and the rates of
CKD grade upstaging were lower for patients who underwent RAPN than for those who underwent OPN.

There are two possible explanations for the higher rate of preserved renal function in patients who
underwent RAPN. One is the difference in the volume of nephron loss during PN. The high-definition 3D
optical system and flexible wristed instruments used in RAPN result in lower levels of nephron loss in the
resection margin compared with OPN. However, this is merely a predictive interpretation because it is not
possible to retrospectively and accurately measure the safety margin in all cases.

Another explanation is the difference in the length of ischemia time. It is known that cold ischemia
[25,26] .

. However, although there is clear
evidence regarding the protective role of renal cooling in the context of impaired renal function, some
studies have suggested that prolonged cold ischemia times and short warm ischemia times also cause

nephron damage”*". Considering the results of this study, even when cold ischemia using ice slush was

suppresses damage to the remaining kidney even after 30 min

performed, it appears that if the ischemia time becomes longer, a shorter period of warm ischemia may
be more advantageous for preserving renal function than a longer period of cold ischemia. A previous
retrospective study found similar results; the OPN group with cold ischemia had a longer ischemia time,
and no significant eGFR advantage was found in favor of OPN. In addition, the trend toward GFR recovery

was better in the RAPN group, although it did not reach statistical significance'®.

In studies comparing the effects of cold and warm ischemia and ischemia time on renal function, results
showed that when ischemia lasted for 30 min or longer, renal function was better preserved with cold
ischemia. This is because cold ischemia reduces the diffuse and irreversible damage to parenchyma
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Figure 2. Pre- and post-operative changes in median eGFR in OPN and RAPN for all, imperative, and elective cases. eGFR: Estimated
glomerular filtration rate; OPN: open partial nephrectomy; RAPN: robot-assisted partial nephrectomy; Imperative case: single kidney,
bilateral tumors, or chronic kidney disease (eGFR < 60).

Forest plot OR 95% CI p value
EBL - 0.00987 0.00795 - 0.0130 <0.001
Operative time — 17.46 9.13-25.78 <0.001
Renal artery clamping — 2.56 0.50- 13.16 0.272
Ischemic time - 0.159 0.121 - 0.231 <0.001
Transfusion —_— 0.0778 0.0093 - 0.652 0.0186
Hospital stay - 0.452 0.341 - 0.676 <0.001
Overall complication —r 0.588 0.246 - 1.408 0.237
eGFR at 3rd POM —-— 0.161 0.111 - 0.292 <0.001
%preservation of eGFR -— 0.260 0.179 - 0.471 <0.001
CKD upstaging —— 0.353 0.186 - 0.672 0.0015
0001 001 0.1 1 | 10 100
€ RAPN Better- -~OPN Better -

Figure 3. Multivariate logistic regression tests the impact of RAPN vs. OPN on each perioperative outcome according to each OPN and
RPN group before matching.

[29-35] . . .
#2! However, when ischemia time was less than 20 min, the

caused by prolonged warm ischemia
preservation of renal function was excellent and no significant difference was observed between cold and
warm ischemia™ ", In light of our results, even in cases where renal function preservation is strongly
desired, RAPN with warm ischemia presents a good option if ischemia time is expected to be short.
This is evidenced by the equal or greater postoperative renal function achieved with RAPN over OPN.
Furthermore, RAPN seems to have some advantages over OPN in terms of other perioperative outcomes.
In fact, a study comparing RAPN and OPN for patients with a solitary kidney also concluded that RAPN
may offer comparable perioperative and short-term functional outcomes compared with OPN, assuming

careful patient selection and adequate surgical experience™”
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In contrast, cold ischemia should be selected in cases where the tumor is anatomically complex and
when the ischemia time is expected to be prolonged. The shorter the cold ischemia period, the better the
postoperative renal function is. Considering this, OPN should be prioritized when it can ensure a faster
and more accurate resection and renorrhaphy in cases with complex tumors.

In this study, 73 cases in RAPN and 13 cases in OPN were excluded by PSM. Excluded cases included
patients in the RAPN group who were relatively older and had a higher BMI and lower RENAL score, and
those in the OPN group who were relatively younger and had larger tumor diameters. Therefore, the results
of this study may not necessarily apply to such excluded cases.

In recent years, there has been an increasing number of reports confirming that RAPN can be safely used
for the resection of complex or large tumors®”*". In this study and other reports, RAPN was shown to
have equivalent or better outcomes compared with OPN in many aspects of the perioperative results.
This suggests that RAPN is a viable surgical option for the resection of complex and large tumors in
the future. However, this hypothesis is based on the premise that the surgeon has sufficient technical
proficiency in robotic surgery. Therefore, it is necessary to select an appropriate surgical method according
to the surgeons and the institution’s level of proficiency in robotic surgery, taking into consideration the
complexity of the tumor and patient factors.

This study had several limitations. First, the sample size of the study was relatively small. Furthermore,
it was nonrandomized and retrospective in nature; thus, it was subject to the inherent limitations of a
retrospective analysis of observational data, possibly making it difficult to obtain original results. Second,
the results of the PSM in this study may be generalized only among those within the propensity score
range included in the paired analysis and may not be applicable to those outside this range. Third, different
surgeons were involved in this study, which might be seen as a source of biases because different phases
of different learning curves were included and might have influenced the results. Fourth, the timing of the
surgery (i.e., pre- or post- 2016) was another limitation because more recent cases underwent RAPN and
older cases predominantly underwent OPN, as RAPN has been covered by insurance in Japan since 2016.
Finally, this study used data collected from a single center with a high incidence of kidney cancer and
cannot be generalized to providers with different characteristics.

In conclusion, this study compares the perioperative outcomes of RAPN and OPN performed at a single
institution. Our results indicate that RAPN with warm ischemia preserves renal function equally well or
better than does OPN with cold ischemia in selected cases with short ischemic times.
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Abstract

Meningiomas are the most common neoplasm of the central nervous system. Usually benign and generally
discovered incidentally at imaging, meningiomas can also be responsible for severe neurological symptoms and
deficits, with potentially high morbidity and non-negligible mortality. Therefore, neuroimaging plays a crucial
role in meningiomas diagnosis, therapeutic planning, and long-term surveillance, for early detection of both
recurrence in treated patients and disease progression in untreated ones. Here, we review conventional findings
in meningiomas’ imaging, review the role for advanced diagnostic techniques, and offer an overview on possible
future neuroimaging applications.

Keywords: Meningioma, magnetic resonance imaging, computed tomography, central nervous system

INTRODUCTION

Meningiomas account for about 36% of all intra-cranial neoplasms, thus representing the most common
primary tumor of the central nervous system (CNS)"’. They take origin from meningeal membranes
covering brain, nerves, and spinal cord, arising from arachnoid mater formed by the cells within middle
meningeal layer; therefore, this type of neoplasm, although more common in intra-cranial space, can
be found all over the neuroaxis [Figure 1]™*". More frequent in elderly (peak incidence in 6th-7th
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Figure 1. Post-contrast T1w images showing some of the possible different localizations of meningiomas along the neuroaxis: falx
cerebri (A); sphenoid wing (B); intra-ventricular (C); tentorium (D); dorsal spine (E); and left optic nerve (F)

decades) and female patients (at least in part due to endogenous estrogen stimulation), their incidence
is higher in the case of ionizing radiation exposure and in familiar predisposing syndromes such as Type
2 neurofibromatosis; in these latter cases, they are generally multiple, with more severe symptoms and

common atypical locations (for example, intraventricular or at the skull base)"™".

Meningiomas are usually benign and slow-growing extra-axial tumors with poor tendency to metastatic
dissemination and local aggressiveness. Due to their relatively benign biologic behavior, meningiomas are
frequently discovered incidentally during CNS imaging and for smaller ones a watchful waiting strategy
can be envisaged. However, despite largely being considered a purely benign disease, meningiomas can
also cause high morbidity and mortality due to focal neurological deficits, potentially difficult surgical
resectability, and local aggressiveness; these features can cause extremely severe repercussions in terms of
symptoms severity, functional limitations, and quality of life""’. Due to this variability, the most recent 2016
World Health Organization (WHO) classification of CNS tumors proposed a revision of meningiomas
classification, including the presence of necrosis, brain invasion, high cellularity, and elevated mitotic
index with increase in small cells composition as diagnostic criteria for atypical meningiomas (Grade II-
®. While atypical high-grade meningiomas are associated to a worst prognosis, higher survival
rates are reported for low-grade meningiomas; however, also in these cases neurological deficits and long-
term disability are a common complication.

I1T tumors)
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With this knowledge, neurosurgical gross-total resection still represents the gold standard for patients’
treatment, with radiotherapy used as adjuvant treatment in the case of non-radically removed lesions
(whereas external-beam radiation was not demonstrated to be associated to better results compared
to surgery followed by adjuvant radiation)'®”. Surgical planning largely relies on MRI and CT scans
examination, as the type of surgery performed can vary depending on tumor size and location. Different
surgical techniques have been used for meningiomas. The most common approach is represented by
craniotomy, in which brain exposure ensures tumor visualization on the brain surface, minimizing the risk
of damaging adjacent structures. Another possible alternative is represented by neuroendoscopy-assisted
microscopic resection techniques. Neuroendoscopic surgery is largely used for meningiomas within
the ventricular chambers, whereas for ventral skull base meningiomas a possible option is represented
by endoscopic endonasal surgery; however, while for olfactory groove or tuberculum sellae this latter
approach has been widely validated, its use remains controversial in other skull base regions (such as
cavernous sinus, petro-clival, or cranio-facial regions). Moreover, since meningiomas obtain vascular
supply from extracranial and intracranial circulation, preoperative embolization can be used in selected
cases as adjuvant therapy to reduce intraoperative bleeding and make surgery more effective; specific
imaging techniques (such as perfusion and angiography) can provide information on meningioma’s
perfusion status, amenability to embolization based on blood supply, and eventual anatomical references
that could help in the delivery of embolic materials. After partial resection, the disease-free survival rates
range between about 60% at five years and 10% at 15 years, with ever-increasing tendency to recurrence
over time. Nevertheless, also in the case of complete surgical removal, the overall rate of meningioma

recurrence remains not negligible, as it is estimated to range 15%-25% at 20 years™”.

With this background, it can be easily understood why neuroimaging plays a crucial role not only in
meningioma first diagnosis, but also in therapeutic planning and long-term surveillance (for early detection
of both recurrence in treated patients and disease progression in untreated ones). Here, we review the
conventional findings in meningioma imaging, discuss the role of advanced diagnostic techniques, and
offer an overview on possible future neuroimaging applications for lesions’ characterization.

CONVENTIONAL IMAGING
Intracranial meningiomas

Intracranial meningiomas typically show characteristic neuroimaging features well detected on both CT
and MRI studies, which allow the correct diagnosis with high diagnostic accuracy. MRI is the gold standard
technique for meningiomas detection and evaluation because it provides soft tissue characterization,
high contrast definition and possibility of multiplanar reconstructions”. Meningiomas appear as extra-
axial dural-based masses, with the exception of en plaque meningioma, exhibiting sheet-like appearance
due to its extensive dural extrinsecation”. On conventional MRI, they usually are hypo- to isointense on
T1-weighted sequences, with variable signal on T2-weighted sequences due to the presence of necrotic
cystic or calcific areas; most of them are avidly and homogeneously enhancing after paramagnetic agents
administration [Figure 2]"*"*. T2w images also allow for crescent-shaped cerebral-spinal fluid (CSF) cleft
between tumor and brain parenchyma identification, while post-contrast sequences allow for the detection
of the characteristic dural tail, due to adjacent dural reactive changes"*. Edema in surrounding brain
tissue is evident in about half of cases, generally due to the presence of atypical features related to a more
aggressive biological behavior rather than to overall dimension"; on diffusion-weighted images (DWI),
brain edema is typically vasogenic, due to different mechanisms such as venous obstruction, pial vessel
paralysis, and vessel barrier alteration*"”. DWI has also been used to depict higher-grade meningiomas
with increased cellularity, which show reduced values on corresponding apparent diffusion coefficient
(ADC) maps™*"; however, it should be noted that the correlation between DWT and tumor grade remains
controversial, as no univocal statistical correlation between ADC values and tumoral behavior has been
established yet™'. Other imaging characteristic that have been proposed as indicative of a more aggressive
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Figure 2. Right frontal low-grade meningioma on conventional MRI: hyperintense on T2w (A) and FLAIR (B) images, with no peripheral
edema and a subtle crescent-shaped CSF cleft between tumor and adjacent brain tissue; no significant DWI restriction with moderate-
to-high value on ADC map compared to brain parenchyma (C); and iso-hypointense relative to cerebral grey matter on Tlw (D),
with homogeneous and intense post-contrast enhancement (E, F). CSF: cerebral-spinal fluid; DWI: diffusion-weighted images; ADC:
apparent diffusion coefficient

behavior include irregular margins, undefined tumor-brain interface, intra-tumoral necrosis and cysts,
and absence of calcifications on susceptibility-weighted sequences [Figure 3]**. Along with MRI, CT
remains the gold standard for the depiction of tumor-inducted osseous changes such as remodeling with
focal hyperostosis and bone thickening or bone invasion with associated osteoblastic reaction (more
rarely osteolysis) in malignant cases””. Finally, meningiomas are highly vascularized tumors, being the
blood supply provided by meningeal or vertebral-basilar branches; intra-tumoral dysplastic vessels can be
better characterized in unenhanced and contrast-enhanced MR angiography. Conversely, MR venogram
is usually performed to study venous sinuses invasion thrombosis or occlusion; while unenhanced phase-
contrast MR venogram (and also black-blood MR imaging) has been demonstrated as a reliable method
in assessing sinus invasion, it should always be considered that higher sensitivity in detecting collateral
anastomoses and draining veins around the lesion is obtained with contrast-enhanced MR venography. This
information is important both for surgical planning and for sinus preservation in the case of radiotherapy/

radiosurgery'”"”.
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Figure 3. Falx cerebri high-grade meningioma on conventional MRI: inhomogeneous on T2w due to calcifications and necrosis (A), with
large peripheral edema halo and no clear distinction from normal brain tissue on FLAIR (B); lower values compared to normal brain
parenchyma on ADC maps (C); intense and inhomogeneous post-contrast enhancement after i.v. gadolinium administration (D, E); and
invasion of the anterior segment of sagittal sinus on 3D PCA venogram (F). ADC: apparent diffusion coefficient

Spinal meningiomas

Spinal meningiomas are extra-spinal intra-dural well-defined masses, with only few cases arising from
epidural compartment with both extra- and intra-dural extension (the latter are usually more aggressive,
with higher risk of recurrence)”**”. MRI of the spine represents the modality of choice for both diagnosis
and follow-up; characteristics are similar to intra-cranial meningiomas, with a slightly lower signal on T2w
compared to the spinal cord”. Calcifications are less common than in intra-cranial compartment and
more often reported in epidural lesions. Yeo et al.”” classified spinal meningiomas in four main subgroups,
based on neuroimaging features: intradural homogeneous neoplasm avidly enhancing, with or without
dural tail (Type A); round tumors with hypointense area on T2w images (Type B); en plaque meningiomas
with a collar-like growth along spinal cord (Type C); and other meningiomas with atypical features (Type
D)"****. Epidural meningioma, a rare entity classified as Type D, is often misdiagnosed due to its peculiar
location; typical enlargement of neuroforamina determined by epidural growth pattern can be used as

differential diagnostic feature™"’,

ADVANCED TECHNIQUES: POSSIBLE APPLICATIONS

Conventional MRI generally responds adequately to diagnostic purposes, however differential diagnosis
between extra-axial dural-based masses (or between different meningioma subtypes) can be very
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challenging. Tissue characterization, identification of important features for surgical planning, and
prognostic biomarkers individuation can be enhanced by the use of advanced imaging techniques.

Spectroscopy

Spectroscopy is an MRI technique used to assess metabolite concentration in a region of interest. Therefore,
it can be used for differential diagnosis both to differentiate between intra- and extra-axial masses and to
exclude the hypothesis of dural metastases in the case of extra-axial dural-based mass in oncologic patients.
Meningiomas show elevated choline and decreased N-acetylaspartate as well as decreased creatinine,
a metabolic profile common to other neoplastic processes and therefore quite unspecific; conversely,
increased alanine has demonstrated to be specific for meningioma but can be difficult to identify”*".
An elevated metabolite peak at 3.8 parts per million has been described in meningiomas, allowing to
differentiate them from high-grade gliomas and intracranial metastasis. MR spectroscopy has been
demonstrated to not be able to differentiate atypical meningiomas from typical ones”**. Lactate peak is
considered suggestive of aggressiveness, but it can also be found in benign meningiomas. Nevertheless,
lactate and macromolecular peaks have demonstrated significant differences in meningothelial, fibrous, and
oncocytic subtypes, showing the potential to characterize various lesion components"™

Perfusion imaging

MR perfusion is a technique used to assess blood flow in tissues and includes the dynamic susceptibility
contrast (DSC) technique and the dynamic contrast enhancement (DCE) technique, both requiring the
administration of intravenous gadolinium, and arterial spin labeling. Meningiomas are highly vascular
lesions, deriving their blood supply from meningeal arteries and consequently demonstrating very high
perfusion. The complete lack of the blood-brain barrier determines increased contrast leakage and
permeability, represented by a typical time-intensity curve: rapid drop during the first pass of contrast
and slow return to a level lower than brain parenchyma"”. MR perfusion can be useful in differential
diagnosis, in particular to differentiate meningiomas from dural-based metastases and from high-grade
gliomas invading the dura mater. Indeed, MR perfusion may differentiate between meningioma and dural
metastases from various origins (breast, colon, and prostate) but not from hypervascular metastases, such
as those from melanoma, renal carcinoma, or Merkel cell carcinoma (increased cerebral blood Volume)[”].
The assessment of the time-intensity curve can distinguish a primary glial neoplastic process from
intracranial metastases/meningiomas: in the former, the curve shows more than 50% return to baseline,
while, in the latter, the curve shows less than 50% return to baseline due to breakdown in blood-brain
barrier and dural-based blood supply. Meningioma vascularity appears to be significantly related to cerebral
blood flow (CBF) values™ " and lately a significant correlation between CBV and expression of vascular
endothelial growth factor has also been demonstrated, suggesting the possibility to use perfusion MR to
predict refractoriness to conventional treatment and possible responsiveness to anti-angiogenic therapies.
Correlation between relative CBV (rCBV) and Kis7 proliferative index has also been demonstrated in
meningiomas but several studies have shown contrasting results about a possible correlation between
tumoral perfusion parameters and meningioma grade, probably because of increased vascular permeability
of meningiomas, due to lack of blood-brain barrier”***. On the contrary, peritumoral rCBV has shown
a potential diagnostic role: although peritumoral rCBV usually shows decreased values in meningiomas,
possibly due to peritumoral vasogenic edema', its values are higher in the case of anaplastic meningiomas
(WHO Grade III) compared with the other types[“]. Similarly, decreased peritumoral CBF can be measured
with CT perfusion, potentially representing ischemic tissue salvageable after meningioma resection'*
Arterial spine labeling has the advantage of assessing perfusion without the confounding permeability
influence, potentially allowing to differentiate WHO Grade I from WHO Grades II and III intracranial
meningiomas[“]. Vascular permeability represents another measurable parameter, assessed directly via
DCE technique and contributing to meningioma grading: atypical meningiomas have shown higher values
of Ktrans compared with benign meningiomas™”. MR perfusion can be helpful also in distinguishing some
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meningioma subtypes. In particular, angiomatous meningioma has demonstrated higher tumor rCBV

compared with meningothelial, fibrous, or anaplastic subtypes'*”

Diffusion tensor imaging

Given the possibility to assess magnitude and directionality of water diffusion, diffusion tensor imaging
(DTI) has been applied to differentiate meningioma grades. Although in most studies high-grade
meningiomas have demonstrated low ADC values when compared with low-grade ones, controversial results
have been obtained especially for the other DTI parameters™”". DTI has shown promising potential in
terms of preoperative consistency prediction. Besides some contrasting findings, most studies have shown

t*4 Signal intensity

[52,53,55]

higher fractional anisotropy (FA) values in hard meningiomas compared to soft ones
on FA and mean diffusivity maps have also been found to be predictive of meningioma consistency
Tractography, derived from DTI data, may give additional information for treatment planning of skull
base meningiomas, but it is usually not necessary: resolving the course of cranial nerves with CSF sensitive

sequences is technically easier and less sensitive to artifacts",

MR elastography

MR elastography (MRe) is a promising emerging technique that may have the potential to define tumor
consistency and its relationship with adjacent structures. It provides a measurement of tissue stiffness,
determined by the assessment of share wave movement through that given tissue. Recent studies have
demonstrated a significant correlation between the MRe measurements and intraoperative qualitative
assessment of tumor consistency”””. Furthermore, differing stiffness on both sides of a tissue boundary
allow defining the measurement of freedom of the adjacent tissue planes, thus evaluating the marginal

. . [56]
mvasiveness

Molecular imaging

The most used molecular imaging technique in oncological field is 2-"*"-fluoro-2-deoxy-D-glucose
(18F-FDG)-PET, which uses a glucose analog to identify metabolically active cells, but it does not have a
primary role in intracranial tumors diagnosis due to high physiological FDG uptake in cerebral cortex and
FDG accumulation in inflammatory processes. The ability of FDG-PET to differentiate meningioma grades
has shown contrasting results. Although some studies have demonstrated its ability to differentiate benign
meningioma from atypical/malignant ones and to distinguish recurrent/growing meningiomas from static
ones, there is a lack of correlation between FDG uptake and WHO grading, MIB-1 labeling index, and
"2 On the other hand, a high meningioma-to-background contrast can be obtained
using radiolabeled somatostatin receptors II (SSTR II) ligands due to the increased expression of SSTR II
in meningiomas compared to the very low expression in bone and brain tissue™™**. PET with gallium-68-
labeled SSTR-ligands, such as 68Ga-DOTATOC (DOTA-(Tyr3)-octreotid) and 68Ga DOTATATE (DOTA-

DPhe1-Tyr3-octreotate), has demonstrated a higher sensitivity in detecting meningiomas when compared
[59
I

tumor doubling time

to contrast enhanced MRI"”. SSTR-PET is also useful for differential diagnosis, for example when studying
optic sheath meningioma[“]. This technique also allows a detailed meningioma extent delineation,
necessary for treatment planning but challenging in the case of complex localization (skull base, orbit, falx
cerebri, sagittal, and cavernous sinuses), trans-osseous growth, or in pre-treated meningiomas, when MR
contrast results are limited"**". Integration of SSTR-PET imaging increases the precision of resection and
target radiation. Furthermore, SSTR-PET can differentiate viable tumor and scar tissue using a semi-qua
ntitative data analysis, since semi-quantitative uptake values (SUV) correlate significantly with SSTR 1II
expression assessed by immunostaining. Patient treatment stratification can take advantage of SSTR-PET
since SUV measurements have also demonstrated a correlation with tumor growth rate in WHO Grades I
and II meningiomas (not in Grade III). Furthermore, SSTR-PET has been demonstrated to be more specific
for detecting residual meningioma and may be considered in the case of equivocal MRI findings***".
Recently, the RANO-PET taskforce has proposed an evidence-based recommendation for the use of



Page 8 of 11 Elefante et al. Mini-invasive Surg 2021;5:7 | http://dx.doi.org/10.20517/2574-1225.2020.102

molecular imaging in meningiomas, even if the utility of SSTR II imaging needs more validation to be
confirmed"®.

FUTURE DIRECTIONS

Radiomics is an emerging field of research that extracts many features from medical images. There are two
categories of features, which can be extracted from the region of interest after the lesion segmentation,
semantic and agnostic ones. In detail, semantic features are commonly used in the radiology lexicon to
describe a lesion (e.g., shape, location, etc.), but in the radiomics field they are quantified through computer
assistance. On the other hand, diagnostic features describe lesion heterogeneity using quantitative
descriptors. They include first-, second-, or higher-order statistics. First-order statistical outputs consist
of the grey level histogram analysis of the lesion’s voxels. Second-order statistics are those obtained from
texture analysis. They describe relationships between voxels considering their contrast values. Finally,
higher-order statistics are obtained imposing filters to extract definite image patterns, such as fractal
analyses, wavelets, or Laplacian transforms of Gaussian bandpass filters'*”. Radiomics can be coupled
with artificial intelligence, which employs algorithms to allow computers to learn directly from the data
and make predictions on unseen datasets, because of its better capability of managing this volume of data
compared to traditional statistics*”. In the study of meningiomas, radiomics and artificial intelligence
have shown promise in preoperative evaluation, recurrence and outcome prediction, and radiation
treatment planning. Preoperative prediction of the meningioma grade is important because it influences
the treatment strategy. Park et al” obtained an accuracy of 89.7% for the prediction of meningioma grades
using MR conventional and diffusion tensor imaging with a radiomics and machine learning approach;
furthermore, various texture parameters differed significantly between fibroblastic and non-fibroblastic
benign meningiomas. Volumetric assessment of meningiomas is also highly relevant for therapy planning
and monitoring. Using a multiparametric deep-learning model on routine MRI data, Laukamp et al'*
investigated its performance in automated detection and segmentation of meningiomas in comparison to
manual segmentations, obtaining a strong correlation despite diverse scanner data. Moreover, prognostic
models based on clinical, radiologic, and radiomic feature have been investigated to preoperatively identify
meningiomas at risk for poor outcomes. In this setting, preoperative radiologic and radiomic features such
as apparent diffusion coeflicient and sphericity have proved effective in predicting local failure and overall
MR radiomics has also been implemented to predict early progression or

[71]

survival in these patients'
recurrence, which characterize a subset of skull base meningiomas, achieving good results (accuracy 90%)
Finally, radiomics has proved useful in the definition of radiotherapy target volume, which represents a
critical step in treatment planning, in order to improve the texture-based differentiation of tumor from

edema and to differentiate vasogenic from tumor cell infiltration edema'™

CONCLUSION

Although generally easily identified on the basis of some pictorial neuroimaging features, meningiomas
can raise some concerns in terms of tissue characterization and treatment selection. In particular, surgery
largely relies on MRI and CT scans examination, as the type of therapeutic approach can vary depending
on tumor size and location. Modern imaging tools are helpful in identifying more aggressive histological
behavior, defining vessel and brain involvement, and evaluating the need for adjuvant therapies; at the same
time, emerging post-processing techniques can enhance tumor biology tracking and response to therapy
prediction. All these imaging-derived data coupled together may allow for optimal therapeutic planning
and tailored longitudinal follow-up, based on both patient and tumor fingerprinting.
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Abstract

We describe a method for eliciting an episcleral venous fluid wave (EVFW) in eyes presenting with reticular
patterned episcleral venous plexus, after a hemi-gonioscopy assisted transluminal trabeculotomy (hemi-GATT).
To reduce the risk of post-operative hyphema and reduce intraoperative tissue manipulation, a hemi-GATT
(targeting 180-degrees of Schlemm'’s canal) was performed. Post-hemi-GATT, the ability to inject balanced salt
solution and obtain an EVFW in both the treated (inferior) and untreated (superior) sectors of the eye supports the
surgical success of the technique, and demonstrates an enhanced fluid outflow and subsequent vessel blanching.
The pre-operative intraocular pressure of 20/21 mmHg in a single subject decreased to 18-, 12- and 15-mmHg
after one day, one month and 3 months post-op, respectively, and the subject was rendered medication-free.
This method of performing a hemi-GATT to effectively obtain an EVFW provides evidence for novel treatment
algorithms in patients with a reticular episcleral venous plexus where identification of major outflow vessels is less
apparent.

Keywords: Gonioscopy assisted transluminal trabeculotomy, micro-invasive glaucoma surgeries, glaucoma
surgery, episcleral venous fluid wave
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INTRODUCTION

Glaucoma stands as the leading cause of irreversible blindness worldwide and approximately 3% of the
population between 40-80 years old have a primary open angle glaucoma"’. While a trabeculectomy is
considered as the gold standard treatment for glaucoma management, the use of micro-invasive glaucoma
surgeries (MIGS) for the treatment of mild to moderate glaucoma are growing due to their high safety
profile, rapid recovery time, and minimally invasive nature™”. Canal-based MIGS procedures attempt
to bypass the trabecular meshwork, a major site of resistance to aqueous humor drainage, and enhance
the conventional outflow'. While the true efficacy of MIGS procedures is still to be elucidated, surgeons
are discovering that device design and surgical expertise are not the sole determinants of treatment
success. The placement of these devices in terms of optimal orientation to best enhance aqueous outflow
is of paramount importance, giving rise to the term “targeted MIGS”. Implantation of iStents (Glaukos
Corporation, Laguna Hills, CA, USA) is one such canal-based procedure. However, current literature
supports implantation of one to three iStents in areas of dense trabecular pigmentation, adjacent to major
aqueous and episcleral veins that are identified via external examination and/or in areas of focal blood
reflux in the Schlemm canal as seen with gonioscopy, in an attempt to target the major collector channel
ostia in anterior segmentsm. The rationale is to target these large capacity veins to effectively enhance
aqueous drainage. We describe a reticular patterned episcleral venous plexus that comprises of a network of
numerous small-caliber, finer vessels, rather than a few, large-caliber vessels.

Gonioscopy assisted transluminal trabeculotomy (GATT) is a novel, ab interno MIGS approach to a
360-degree trabeculotomy that is conjunctival-sparing while also resulting in successful reductions in
intraocular pressure (IOP) and decreased need for glaucoma medications"’. A hemi-GATT unroofs
180-degrees of the Schlemm’s canal to reduce the risk of postoperative hyphema and reduces intraoperative
tissue manipulation. Both a 360 degree-GATT and hemi-GATT aim to improve aqueous outflow through
Schlemm’s canal and adjacent collector channels'. Unlike in filtration surgery where bleb morphology
correlates with surgical success, to date there is no concrete evidence, whether pre-operative, intraoperative
or post-operative, of a similar association between bleb morphology and canal-based MIGS surgery".
However, growing evidence supports the correlation between the presence of an episcleral venous fluid
wave (EVFW) and post-operative reductions in IOP as well as the need for fewer glaucoma medications
and/or additional surgeries™. An EVFW is an intraoperative technique performed at the conclusion of a
surgery wherein diffuse vessel blanching is achieved by injecting balanced salt solution (BSS) that flows
into the conjunctival and episcleral venous systems, demonstrating possible patency of the conventional
aqueous outflow system[3’6]. For an EVFW to be present, fluid must be able to travel from collector channel
openings, through the deep and mid scleral plexuses to the episcleral plexus terminating in the conjunctival

veins, thereby demonstrating an enhanced aqueous outflow'”,

Due to the broad 180- to 360-degree area of treatment with hemi-GATT and GATT procedures
respectively, theoretically, one could propose that these procedures could be effective even in eyes
demonstrating a reticular patterned episcleral venous plexus as one could target large areas of Schlemm’s
canal rather than individual veins to enhance aqueous drainage. We propose that hemi-GATT is an
effective technique to enhance aqueous outflow in eyes that have a reticular patterned episcleral venous
plexus, with EVFW serving as an indicator of probable surgical success.

CASE REPORT
Description of the surgical technique

Using standard sterile eye preparation, the surgical eye was draped and held open with a wire lid speculum.
The inferior sector of the eye (inferior 180-degrees) was selected as the hemi-GATT target. The hemi-GATT
was performed using the ripcord technique, modified from that described by Grover et al. o [Figure 1, Video 1].
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Figure 2. External ocular examination post-hemi-gonioscopy assisted transluminal trabeculotomy showed a reticular episcleral venous
pattern in the superior and inferior sectors. Note that the reticular pattern is more pronounced in the superior sector (left of image).

Figure 3. Reducing the intraocular pressure results in engorgement of the episcleral venous plexus superiorly and inferiorly.

The procedure for EVFW generation, as described below, was based on that described by Fellman et al. (el

Post-hemi-GATT, the gonioscopy lens was removed for external examination of the episcleral vasculature
both adjacent to the treated site (inferior sector) and in the untreated superior sector. The reticular pattern
of the episcleral venous plexus was noted in both sectors [Figure 2]. In the mid-anterior chamber, an
irrigation/aspiration probe was used to remove the residual viscoelastic substance that was left behind by
the hemi-GATT at an irrigation pressure of 65 mmHg. When closely observing the adjacent episcleral
veins, the IOP in the anterior chamber was reduced by halting fluid irrigation until episcleral veins filled
with blood and focal blood reflux was seen into the anterior chamber adjacent to the surgical site (inferior
sector). At this point, there was maximal prominence of the reticular episcleral venous pattern in both the
superior and inferior sectors [Figure 3]. Toward the end of the surgery, at the time of BSS injection, the
episcleral vessels were closely observed for vessel blanching from the BSS washout. Hyperinfusion with
BSS post-hemi-GATT created an EVFW with progressive vessel blanching in both the treated inferior
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Figure 4. Hyperinfusion of the anterior chamber with balanced salt solution causes an episcleral venous fluid wave and blanching of both
the superior and inferior sectors.

Figure 5. Reducing the intraocular pressure to near-physiologic conditions results in a prominent reticular episcleral venous pattern in the
superior, untreated sector (left of image). Note that there is still some residual blanching in the inferior, treated sector (right of image).

Figure 6. Hyperinflation of the anterior chamber with balanced salt solution to supraphysiologic conditions results in a 360-degree limbal
blanching during the episcleral venous fluid wave.

and untreated superior sectors [Figure 4]. Reducing IOP to near-physiologic conditions resulted in a
prominent reticular episcleral venous pattern in the superior, untreated sector; residual blanching remained
in the treated, inferior sector [Figure 5]. Repeated hyperinflation of the anterior chamber with BSS to
supraphysiologic conditions results in 360-degree limbal blanching during EVEW [Figure 6], and when
IOP is lowered, there was a 360-degree engorgement of the episcleral venous plexus [Figure 7].

Results/Case study

This procedure was performed on the right eye of a 58-year-old female with pigmentary glaucoma in both
eyes. The pre-operative IOP was 20/21 mmHg as measured with Goldmann tonometry, and the subject
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Figure 7. When the intraocular pressure is lowered, there is a 360-degree engorgement of the episcleral venous plexus.

took topical pressure-lowering medication of travaprost, once daily. Prior to the surgery, external ocular
examination revealed a reticular episcleral venous plexus with a diffuse interconnected meshwork of veins
and venules. The post-operative IOP decreased to 18 mmHg, 12 mmHg and 15 mmHg, on day one, one
month and 3 months post-op, respectively. At 3 months post-op, the patient was not taking any pressure-
lowering medications. Blanching of the episcleral venous plexus due to the EVFW was observed post-
operatively in both the superior and inferior sectors.

DISCUSSION

Glaucoma is the leading cause of irreversible blindness worldwide with an increasing prevalence in the
aging population'. When a surgical treatment is desired to halt or slow down the disease progression,
canal-based MIGS surgeries are typically favored"®. The focus of these procedures is to enhance the
physiological aqueous outflow, generally as an alternative to those requiring formation of an artificial
external bleb'™. Canal-based MIGS procedures attempt to bypass the area of greatest resistance to aqueous
outflow, the trabecular meshwork, and thus enhance aqueous drainage[l’”. MIGS devices like the iStent
(Glaukos Corporation, Laguna Hills, CA, USA) are heparin-coated titanium stents, designed to enhance
aqueous outflow through the conventional outflow pathway”. However, to be effective, the stent must be
placed to target large capacity veins that support drainage directly from Schlemm’s canal rather than from
smaller venules that drain distal plexuses. Recent studies suggest that implantation of two iStents, instead
of three, results in similar reductions in IOP, inferring therefore that proper device placement rather
than the device number most likely dictates surgical success. However, a problem arises when patients
present with a reticular patterned episcleral venous plexus because identifying the ideal target for iStent
implantation becomes increasingly difficult.

Reticular episcleral venous patterning is seen as an interconnected meshwork of veins and venules where
clear large capacity outflow veins cannot be easily identified. This is in contrast to detecting discrete, large-
caliber episcleral veins. To the best of our knowledge, other in vivo patterns of the episcleral venous plexus
have not yet been defined. In eyes with a reticular patterned episcleral venous plexus, it would be possible
to implant numerous iStents, approximately 1-2 clock hours apart, spanning the venous plexus. If the
surgeon uses a direct view gonioprism that requires tilting of the patient’s head and microscope, implanting
more than 3 iStents can become surgically challenging because the easiest access from a temporal approach
is the nasal 180 degrees of Schlemm’s canal. Furthermore, the cost of the surgery increases with each
additional implanted device. Potentially, using iStent inject devices combined with a direct-view gonio
mirror that does not require tilting the microscope allows one to treat the full 360-degrees of the trabecular
meshwork. As demonstrated in this case study [Figures 6 and 7], we achieved a full 360-degree EVFW with
a 180-degree unroofing of Schlemm’s canal with a hemi-GATT.
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As shown, eyes presenting with a reticular patterned episcleral venous plexus are good candidates for
procedures like the hemi-GATT that target a larger sector of Schlemm’s canal. Not only was there a
reduction in IOP, but there was also an elimination of medication burden associated with glaucoma.
Furthermore, since the subject presented with a diffuse reticular pattern, one might have been tempted to
perform a GATT to target the entire drainage system circumference. However, previous preliminary results
comparing the success rates for the GATT and hemi-GATT show no significant difference (success rate of
74% for GATT and 70% hemi—GATT)M. Herein, the hemi-GATT was shown to enhance drainage in both
the superior and inferior sectors while preserving the superior 180-degrees of Schlemm’s canal to enable
future angular surgery, if needed.

When determining the approach to performing a hemi-GATT, a surgeon must choose the sector to
target. Due to the ease of surgical access, the nasal quadrant is most commonly favored as the location for
Schlemm’s canal surgeries. However, surgical ease is not the sole reason for this target. The nasal quadrant
is also the location of the highest density of collector channels”. With 25-35 collector channels per eye, one
desires to target as many of these as possible when performing a hemi-GATT to maximize conventional
aqueous flow'”. To exit the eye via the conventional pathway, aqueous fluid must pass through the collector
channels for subsequent drainage into the deep venous scleral plexus, the mid scleral plexus and the
episcleral plexus to finally reach the conjunctival veins'”. While no clinically established marker has yet
been proven to conclusively predict the likelihood of success with canal-based MIGS procedures, growing
evidence supports the presence of an EVFW as a marker of surgical success . Research has shown that
the ability to elicit a pronounced EVFW with diffuse blanching of the visible vessels correlates with the
need for fewer medications and lower postoperative IOP™. It is theorized that eyes with a positive EVFW
must have patent collector channels and a downstream outflow system for the infused BSS to blanch the
episcleral vessels”. As demonstrated here, the inferior 180-degrees incorporating the infra-nasal quadrant
serves as an optimal location for hemi-GATT to best enhance aqueous outflow. Despite leaving the
superior 180-degrees of the eye untreated, diffuse episcleral venous blanching in this area was observed
with BSS infusion. In some patients, treatment of a section of Schlemm’s canal may be sufficient to achieve
the desired surgical outcome.

In conclusion, a hemi-GATT targeting the inferior 180-degrees of Schlemm’s canal is a MIGS procedure
that is applicable to eyes demonstrating a reticular pattern episcleral venous plexus. The ability to elicit
a pronounced EVFW post-hemi-GATT that was seen in both the superior untreated sector and the
inferior treated sector, indicates patency of the collector channels and enhanced aqueous outflow via the
conventional outflow pathway. Further work may help determine the ideal glaucoma surgical procedure
based on a patient’s particular episcleral venous pattern.
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Abstract

Protective ileostomy may be a risk factor for the development of Clostridium difficile (CD) infection (CDI). In
the postoperative period signs of CDI may be particularly difficult to differentiate from intra-abdominal sepsis.
Presented here are 2 cases that developed CDI after ileostomy reversal. Two patients who underwent low anterior
resections after neoadjuvant chemoradiation with protective ileostomy developed fever, leukocytosis and elevated
serum C-reactive protein (CRP) levels. The first patient also had negative CD stool toxins and his signs were so
severe that he underwent a negative diagnostic laparoscopy and re-creation of ileostomy. The second patient
who presented in a similar fashion was more fortunate in that her CD stool toxin was positive and she was treated
successfully with oral vancomycin. CDI after ileostomy reversal after low anterior resection can be difficult to
diagnose. In the first patient, the situation was so misleading that diagnostic laparoscopy was required. Outcome
was eventually favorable in both cases. CDI must be high on the list of differential diagnoses for febrile patients
with a leukocytosis and elevated CRP level even in the setting of negative CD stool toxins. Prophylactic intravenous
metronidazole and/or vancomycin enemas should be considered prior to colorectal surgery when a protective
ileostomy is likely.

Keywords: Clostridium difficile, stoma, cancer, rectal, laparoscopy, surgery, pseudomembranous colitis
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INTRODUCTION

Proximal fecal diversion through a loop ileostomy is commonly used to protect colorectal anastomosis.
Patients undergoing total mesorectal excision (TME) for rectal cancer are at higher risk of developing an
anastomotic leak". Diverting stomas were found to decrease both the clinical anastomotic leak rate and
the risk of re-operation in patients undergoing low anterior resection or TME". The temporary stoma
is usually closed 8 to 12 weeks after surgery, or even earlier” when there are no clinical or radiological
signs of leak. Clostridium difficile infection (CDI) is a major cause of hospital-acquired infection that
continues to increase in incidence and severity among hospitalized patients™”. Symptoms range from mild
diarrhea to fulminant colitis causing severe sepsis, toxic megacolon, and even death. The major risk factors
for acquiring CDI are previous antibiotic exposure, severe underlying disease, older age, and immune
suppression'”’, In this paper, we report on an unusual presentation of CDI in 2 patients who had an elective
reversal of ileostomy after TME for rectal cancer. The initial presentation of CDI mimicked more common
causes of postoperative intra-abdominal sepsis.

CASE REPORT
Case # 1

A 47-year-old woman, with an unremarkable past medical history was diagnosed with low rectal
adenocarcinoma. She underwent trans-anal TME' with diverting loop ileostomy 10 weeks after
the completion of a neoadjuvant treatments, including 45-Gr external beam radiotherapy and
oral 5-fluorouracil. Her postoperative course was uneventful. Final pathology diagnosed a /T1 No
adenocarcinoma with an Ro resection. Fourteen days after resection, the patient underwent ileostomy
closure after digital exam, endoscopy, and a computerized tomography (CT) scan showed no evidence for
an anastomotic leak. She received one dose of intravenous antibiotics (cefuroxime 1 g IV) at the induction
of anesthesia. The immediate postoperative outcome was uneventful.

However, 3 weeks postoperatively, the patient started having lower abdominal pain and severe diarrhea
with over 10 bowel movements per day. Physical examination revealed a fever at 38.5 °C, a heart rate of
92 BPM, and blood pressure at 110/70 mmHg. Abdominal examination was within normal limits and
did not reveal any signs of superficial surgical site infections. Gynecological evaluation was negative for
sepsis. Serum blood tests revealed a leukocytosis with white blood count of 13,500/mm’ and an elevated
C-reactive protein (CRP) at 132 mg/L. Stool testing for Clostridium difficile toxin was negative. As
symptoms worsened with persistent fever, a pelvic magnetic resonance imaging (MRI) scan was performed
and revealed evidence suggestive for a leak of the colo-anal anastomosis [Figure 1].

A diagnostic laparoscopy was performed. More than 2 liters of clear liquid was found in the peritoneal
cavity that ultimately tested negative for bacteria, fungus, creatinine, bilirubin, or amylase. There were no
signs of intestinal perforation or ureteral injury; however, the colon was hypervascularized, thickened, and
dilated. A loop ileostomy was again performed.

Postoperatively, stool cultures became positive for Clostridium difficile (CD). Intravenous metronidazole
was administered for 48 h then orally for 10 more days. Clinical improvement occurred rapidly.

Case # 2

A 64-year-old man, with a past medical history of hypertension, type 2 diabetes mellitus, and coronary
artery disease, was diagnosed with low rectal adenocarcinoma. He underwent trans-anal TME with
diverting loop ileostomy, 11 weeks after neoadjuvant treatment, including 45-Gr external beam
radiotherapy and oral 5-fluorouracil. His initial postoperative course was uneventful. Pathology report
showed a T3 No adenocarcinoma with an Ro resection. Eight weeks after surgery, the patient had
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Figure 1. Pelvic magnetic resonance imaging (MRI) scan in a 47-year old woman with pain and febrile diarrhea 2 weeks after total
mesorectal excision (TME) with colo-anal anastomosis: (A) small arrows in a circle at the bottom of the image show fluid next to the
colo-anal anastomosis evoking leak. Large arrow on the right of the image shows massive intra-peritoneal fluid. Note the concern for
colonic wall thickening (horizontal arrow); (B) small arrows show what was considered as extravasation of contrast in the vicinity of the
colo-anal anastomosis.

ileostomy closure after a normal pelvic CT scan with contrast. He received one dose of prophylactic
antibiotics (cefuroxime 1 g IV) at the induction of anesthesia. The immediate postoperative outcome was
uneventful. Ten days postoperatively, the patient started having diffuse abdominal pain and watery diarrhea
with 6 to 7 bowel movements per day. Physical examination revealed fever at 39 °C, tachycardia at 112
BPM, and hypertension at 170/100 mmHg. Abdominal examination, including digital rectal examination,
was normal. Blood chemistries were consistent with acute renal failure (blood urea nitrogen at 61 mg/dL;
creatinine at 2.9 mg/dL), leukocytosis with white blood count at 23,000/mm’, and increased CRP at 252 mg/L.
Stool testing for toxin-producing CD was positive. Treatment was with 2 g of oral vancomycin for 10 days.
The patient’s renal function fully recovered without the need for dialysis. Neither patient received adjuvant
chemotherapy.

DISCUSSION

Symptoms of CD colitis such as pain, diarrhea, and increased CRP may be indistinguishable from other
causes of intra-abdominal sepsis (i.e., anastomotic leak, pelvic abscess, or iatrogenic bowel injury). This
could cause delay in the diagnosis of CDI, which could be fatal”. In the literature, we could only find a
few papers that reported CDI after closure of ileostomy” ", In some reported cases, as in our first case, the
presentation was confusing, and the diagnosis was delayed. In another case, the disease was even much
more severe (fulminant colitis), and the patient deteriorated quickly and died following an emergency total

colectomy'”.
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[1

Three studies looked more closely into the incidence of CD after ileostomy closure™*"*. Hussain et al."”
prospectively evaluated 20 patients undergoing ileostomy reversal. Two stool samples were collected before
and after the procedure and tested for CD and toxins A and B. None of the patients had positive tests
preoperatively. Two of the 20 patients had asymptomatic postoperative CD colonization (10%), while one
patient developed clinical CDI with positive toxins (5%). Randall et al."*' retrospectively analyzed patients
who had ileostomy closure and subsequent CDI. Six (4.2%) of the 143 patients who had ileostomy reversal
developed CDI. In a retrospective large population-based analysis (2004-2008) in the US, Wilson et al "
found the incidence of CDI after ileostomy closure to be 1.6%.

There is no clear explanation yet for the high rate of CDI after ileostomy closure. Theoretically, CD could
colonize the small bowel, with many studies reporting symptomatic enteritis. Animal studies have shown
that excluded colons undergo mucosal and muscular atrophy with derangement in the intestinal immune
system. The exclusion of the colon could change the unique microbial ecosystem in the large bowel and
favor the growth of CD. When the stoma is closed, the spores could get reactivated and enter a growth
phase leading to clinical infection.

We suppose that the prophylactic antibiotics administered at the induction of anesthesia at the index
operation may have triggered the CDI in our 2 cases. Previous studies have reported that the risk of
subsequent CDI was 5.9-fold higher among patients colonized with toxigenic CD upon hospital admission
as compared to non-colonized patients"”. In our protocol, patients are tested for CD colonization before
all colorectal resections. Both patients in our study were negative preoperatively. Besides antibiotics as
well-known risk factors for CDI", other incriminating factors include previous hospitalization within
3 months™, chemotherapy within the previous 8 weeks"”, or even gastric acid suppression with proton
pump inhibitors (PPIs)".

Rubio-Perez et al."” reported a significant association between CDI and delayed ileostomy reversal (of
greater than 6 months), with the reported dysfunctional time ranging from 9 to 15 months. Our two
patients underwent ileostomy closure less than 2 months after the first surgery. Neither patient received
PPIs, and both had stopped their oral chemotherapy more than 3 months earlier. A meta-analysis published
in 2017 found that the incidence of CDI after ileostomy reversal was 1.8%. It also suggested that probiotics
should be considered, PPIs avoided, and rectal swabs considered in high-risk patients, and that when
possible ileostomy closure should be scheduled within 6 months™”,

Despite its low incidence, the clinical presentation of CDI may be indistinguishable from the usual
postoperative state. Therefore, diagnosis could be challenging. Since fulminant cases are known to occur,
clinicians must consider this condition in the differential diagnosis. Prompt evaluation is warranted in
patients undergoing ileostomy reversal who present with severe diarrhea and abdominal pain. Clinicians
should be aware of the risk factors for CDI. Systematic preoperative testing of colonization with CD should
be encouraged. We also recommend reducing the use of unwarranted antibiotics and PPIs.

Although neither of these patients required adjuvant chemotherapy, and the best timing of ileostomy
closure during or after adjuvant treatments has not been well established, one should consider early
ileostomy reversal where appropriate, even if it does not seem to completely prevent CDI. Considering the
nature of the topic and question, the highest level evidence that can potentially be achieved in this context
is from case-control studies (level 3) and meta-analysis of observational studies (level 2-3). Notably, a
meta-analysis did not see any difference in outcomes whether ileostomies were reversed during or after
adjuvant treatments”". Prophylactic use of vancomycin enemas in the excluded colons prior to ileostomy
closure is an option to be further evaluated”. Additionally, metronidazole should potentially be added to
the preoperative regimen when a protective ileostomy is envisioned.
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Abstract

Laparoscopic minimally invasive surgery is increasing, and in the last decade some modifications of the technique
have been introduced, especially concerning mesh type, fixation, and peritoneal closure, which are herein
individually discussed. Currently, a standard unique technique is still missing, and modifications of the technique
might be useful in challenging cases, such as the use of fibrine glue to both fix the mesh and close the peritoneum.
The aim of this technical note essay is to discuss and update some tips and tricks as well as recent modifications
of the trans-abdominal preperitoneal (TAPP) repair of groin hernia.

Keywords: Inguinal hernia, trans-abdominal preperitoneal, laparoscopic surgery

INTRODUCTION

Over the last decade, laparoscopic inguinal hernia repair has gained worldwide popularity due to several
advantages, in particular the faster recovery and reduced postoperative pain compared to the open
approach with superior cost—effectivity[l_s]. Since the description of the laparoscopic trans abdominal pre-
peritoneal (TAPP) repair, the technique has undergone several modifications, such as the mesh type and
fixation and the method to approximate the peritoneum, with the aim of making the procedure easier and
improving results” . These modifications have also been included to face some challenging cases where
the standard procedure cannot be applied. Currently, it is important that training surgeons master these
modifications and the technique, including some tips and tricks, which is the aim of this technical note essay.

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0
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Figure 2. Surgical field.

Surgical technique at our center

A single dose of first-generation cephalosporin is given at the induction of anesthesia. The operation is
performed under general anesthesia with the pneumoperitoneum established through a Veress needle in
the left subcostal space, as has been previously described™. Three trocars are placed, as shown in Figure 1. The
peritoneum is opened approximately at the level of the lateral trocar and extended medially in the direction
of the superior margin of the internal inguinal ring, up to the residue of the umbilical artery. When the
Cooper ligament is exposed, the hernia sac is isolated and reduced, freeing the spermatic cord [Figure 2].
The entire video can be viewed at: https://youtu.be/6EIILTdWhol.

Postoperative pain: the main issue of laparoscopic inguinal hernia repair

Persistent postoperative pain after placement of staples to secure the mesh, along with the discovery of the
“triangle of doom” and “triangle of pain’, have led to the recommendation of using only a few staples or
replacing them with glue™. This eliminates the risk of lateral cutaneous femoral nerve entrapment, which
is the main cause of chronic pain. The same suggestions are extended to the closure of the peritoneum,
replacing staples as much as possible with suture or glue”. These modifications might increase the
immediate costs. However, apart from the clinical advantages, these may entail some cost savings in the
long term that only a real cost-effectiveness analysis can detect.

The type of mesh used, its fixation, and the peritoneal closure for the TAPP technique are still some of the

most important topics under discussion, as several modifications of the procedure have been proposed

since its first description™”.
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Figure 3. Self-cut polypropylene mesh placement (A, B).

Mesh type
Several meshes are available for minimally invasive inguinal hernia repair*. The surgeon must consider
several factors when choosing a mesh for hernia repair including clinical outcomes, cost, and ease of use.

There are specific laparoscopic meshes with a rigid border that facilitates their placement in the
preperitoneal space. However, the issue with these meshes is their size, as sometimes they do not fit within
our dissection area. It happens that the surgeon is forced to enlarge the preperitoneal space to place the
mesh. Another issue is its higher cost, which, for certain health systems, cannot be afforded.

Self-fixating meshes are also available and very useful, as no further fixations tools are required. However,
its placement is not easy, which represents the main reason for its low application among surgeons.

Sometimes, it happens that we work in a hospital without these types of meshes. Therefore, it is important
to deal with the classical mesh, used for the open approach, and cut them to be adapted for the laparoscopic
technique.

In this latter case, our suggestion is to use a polypropylene mesh and to cut it into a shape of almost 10-15
cm to be introduced into the abdominal cavity in the preperitoneal space, as shown in Figure 3.

Fixation of the mesh

Several randomized studies have shown that using staples for mesh fixation might cause high early
. . . . [6,7] e . e . .

postoperative pain and chronic pain™". Therefore, it is suggested to minimize their use as much as possible

by applying only one staple to the Cooper ligament or by using self-fixating meshes™*”.

Currently, there is not enough evidence to avoid fixing the mesh in the preperitoneal space, as increasing
numbers of recurrences have been described".

Some authors have reported their experience avoiding the use of staples and securing the mesh with glue

only, such as fibrine glue or cyanoacrylate™.

Mesh fixation with fibrine glue was proven to be safe and effective in the prospective randomized trial
of Lovisetto et al."”), published more than a decade ago, and it was associated with a lower incidence of
postoperative neuralgia compared with staples.

In light of these results, after some time, we modified our TAPP technique where staples were used for both
mesh and peritoneal closure to avoid staples altogether and replace them with fibrine glue to fix the mesh.
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Figure 4. Fibrine glue specific tool placement.

The mesh is secured with approximately 2 mL of fibrine glues (Tisseel, Baxter Healthcare), applied as
shown in Figure 4, at almost 1 cm distance from the mesh, using a specific laparoscopic tool.

This tip is very useful especially in those cases where a non-specific laparoscopic mesh is used, as their
structure does not fit in the preperitoneal space as with the specific mesh type.

Peritoneal closure

The original TAPP technique includes staples to both fix the mesh and close the peritoneum. This might be
the fastest and easiest method, but at the price of a higher risk of nerve injury and bleeding, since staples
may damage nerves and vessels'. To decrease chronic pain, some absorbable staples have been introduced.
However, the potential decrease of bleeding cannot be avoided.

Currently, the most frequently used modification is that of the running suture to close the peritoneum.
However, suturing the peritoneum is not as easy as it seems; it remains a challenging maneuver, requiring
specific surgical skills to avoid tears or ruptures that may expose the mesh to the intestine, with secondary
obstruction or fistulation. With the attempt to further decrease the difficulty of this procedure, barbed
sutures have been introduced. However, even with this suture, it still requires some skills, and the
peritoneum closure time step, even with barbed suture, may require longer time compared with the overall
surgical step. With running suture, peritoneal ruptures still occur, especially in cases when the hernia
sac reduction maneuver has been particularly challenging (such as with large sliding hernias, where the
flap peritoneum is very thin and too weak to be closed with a suture or in cases with a large amount of
fat in the peritoneum, adding difficulty to its closure for increased tension). In addition, it is important
to state that running suture of the peritoneum does not avoid the risk of nerve entrapment or bleeding,
as the suture of the superior flap of the peritoneum frequently includes part of the abdominal wall. Even
if not well described in the literature, epigastric vessels have been frequently injured during the closing
of the peritoneum. When this occurs, it is challenging to face it. For this reason, there is a need for some
modifications of the technique that may not be the standard but are useful in those difficult cases.

For these cases, our specific tip is to use, when it is required, fibrine glue.

The most frequently studied glue product is N-2-butyl cyanoacrylate. It shows a great capacity for both
mesh and peritoneal closure that is achieved after only a few seconds”. However, being a non-biological
glue, one of the main criticisms is that, when this product is in contact with the intestine, strong adhesions
may develop. Nevertheless, the study of Wilson et al."”, which recently investigated their experience with
cyanoacrylate mesh and peritoneal closure, reported excellent results with no long-term complications.
However, considerable precautions are required when using this product in order to avoid dropping any
material into the intestine.
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An alternative to cyanoacrylate is the biological human fibrine, which has the double function of both
glue and hemostatic. Different from cyanoacrylate, there is more evidence in the literature that fibrine
glue may prevent peritoneal adhesions, and it may represent the optimal and safest method to close the
peritoneum". We believe that the key advantage of the modified technique, where we completely replace
the running suture with fibrine glue to approximate the peritoneum, is particularly useful for those cases
where the peritoneum is at a higher risk of tear or rupture during closure.

According to our experience, in our previous published study, we were able to show a decreased operative
time of the procedure while also maintaining acceptable postoperative outcomes and quality of life'”. To
date, this is the unique study showing long-term results using fibrine glue to both fix the mesh and close
the peritoneum.

Furthermore, according to our experience, we found the peritoneal closure with fibrine glue a simple to
learn and master maneuver that does not require specific skills.

CONCLUSION
Tips and tricks
Avoid use of stapler to fix the mesh and close the peritoneum.

The knowledge of some alternatives of the technique are paramount in challenging inguinal hernia repairs,
for example: Peritoneal closure can be performed using glue when its closure is challenging. When a
specific mesh is not available, it is paramount to know how to prepare it.
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Abstract

Aim: The aims of this study were to better understand the outcomes of Roux-en-Y gastric bypass (RYGB) surgery
in patients across multiple hospitals in China along with patients with type 2 diabetes mellitus (T2DM) and to
explore the potential preoperative predictors of diabetes outcomes after RYGB.

Methods: This was a retrospective cohort study in Chinese patients who underwent laparoscopic RYGB at five
Chinese hospitals from April 2009 to December 2014 and returned for follow-up approximately one-year post-
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surgery. The STROCSS guideline checklist was applied.

Results: In total, 130 patients underwent RYGB: 85 males and 45 females; age, 43.4 + 11.3 years; and preoperative
body mass index (BMI), 33.1 + 9.0 kg/m’. Of those, 103 (79.2%) had T2DM duration of 6.6 + 4.7 years and pre-
RYGB HbAIlc of 8.1 + 1.9%. Among the patients with T2DM, glycemic control (HbAlc < 7.0%) increased from
28.7% before surgery to 79.3% at 12 months post-procedure, with a concurrent reduction in the use of anti-
hyperglycemic agents, including a reduction in insulin requirement from 55.4% to 27.0%. The percentage of
excess weight loss was -42.8 + 44.2%. Among 71 patients with T2DM and data about remission status, 14
(19.7%) achieved T2DM remission at 12 months post-surgery. Age and duration of T2DM were lower in the
remission group, while baseline BMI and weight were higher compared with the non-remission group.

Conclusion: RYGB may be effective for weight loss and T2DM control in Chinese patients, and outcomes are
consistent with the literature in Western populations. Younger patients with T2DM and with a higher BMI pre-
surgery and shorter duration of T2DM were more likely to achieve T2DM remission.

Keywords: Type 2 diabetes, obesity, roux-en-Y gastric bypass, glycemic control, remission

INTRODUCTION

World Health Organization (WHO) estimates that 422 million adults globally were living with type 2
diabetes mellitus (T2DM) in 2014 and that the prevalence of T2DM has doubled since 1980". China
has almost 115 million patients with T2DM, with an adult diabetes prevalence of 9.8% that is rapidly
increasing, presenting in individuals with higher insulin resistance but with lower body mass index (BMI)
and approximately 10 years younger than their Western counterparts” . A review of the literature about
bariatric surgery in China showed a significant increase in the number of procedures performed in China
between 2001 and 2015 (a total of 7779 procedures in this period, from 47 surgeries during 2001-2005 to
795 during 2006-2010 and 6937 during 2011-2015); in addition, the proportion of procedures performed to
treat obesity-related comorbidities (defined as metabolic surgery) increased from 0% of the total number of
procedures performed in 2001 to 70% by 2015

While the growing obesity pandemic is considered a major factor in the growth of T2DM prevalence',
central adiposity, not BMI per se, is considered a primary factor in the rise of T2DM in China”’ and other
regions of Asia". BMI distributions in the adult populations differ between the United States and China.
Approximately 31% of adults in China™ are classified as overweight (BMI > 24 to < 28.0 kg/m”) and 12%
as obese (BMI > 28 kg/mz) compared to 40% obese (BMI > 30.0 kg/mz) and 8% severely obese (BMI = 40.0
kg/m”) in the United States in 2016"". Therefore, the WHO has defined obesity in terms of abdominal
obesity, a waist-hip ratio above 0.90 for males and 0.85 for females, or a BMI > 30.0 kg/m”*"" and has
recommended health action (such as bariatric surgery) in Asians with T2DM at a BMI 2.5 kg/m’ lower
than in other ethnicities (i.e, BMI 27.5 kg/m’ vs. 30.0 kg/m"). Globally, bariatric metabolic surgeries such as
Roux-en-Y gastric bypass (RYGB) and sleeve gastrectomy have emerged as the most effective interventions
for sustained weight and diabetes control in patients who are obese"". Given the burden of disease in
China, metabolic surgery is being undertaken in some patients at even lower BMI"*". Studies showed that
laparoscopic RYGB could be beneficial in patients with BMI < 28 kg/m’, or even < 27.5 kg/m™"**".

Although the surgical techniques have been described extensively, evidence of laparoscopic RYGB in
Chinese patients who are overweight or obese, with or without T2DM, is still limited. This multicenter
study aimed to examine the health outcomes after RYGB surgery and determine the potential preoperative
predictors of diabetes remission after RYGB surgery.
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METHODS

Study design

This was a retrospective cohort study in Chinese patients who underwent an RYGB procedure between
April 2009 and December 2014 at five Chinese academic urban hospitals and returned for follow-up
approximately one-year post-surgery. This study was approved by each site’s ethics committee, including
a waiver for informed consent due to the retrospective nature of this study. The study was registered at
ChiCTR.org.cn (#ChiCTR-OOC-15006387). The study was reported in accordance with the STROCSS
guideline checklist'™,

The inclusion criteria were: (1) underwent an RYGB procedure; (2) aged 20-60 years; and (3) had outcome
data recorded [at least one of glycated hemoglobin (HbA1c), fasting plasma glucose, or fasting insulin
levels] in their medical charts at approximately 12 months after surgery.

Study interventions

All participating hospitals assessed each patient who underwent RYGB through a multidisciplinary and
integrated health unit, including a bariatric surgeon, endocrinologist, psychiatrist, cardiologist, and
dietician. Weight, BMI, T2DM duration, anthropometric measures, systolic and diastolic blood pressures,
glycemic control (HbA1c, fasting blood glucose, and insulin), lipid profile, and other laboratory and clinical
evaluations recorded in the patient’s medical record were analyzed. Given the retrospective design, not all
outcome measures were available for all patients, and those outcomes available were not always available at
all study time points.

Outcomes
The primary outcome was the resolution of T2DM. The secondary outcomes were weight reduction,
improvements in glycemic control, vital signs, blood lipids, liver function, and adverse events (AEs).

Statistical analysis

The study was not statistically powered, and data from all patients who had an RYGB procedure during
the study period and met the eligibility criteria were analyzed. For the total study population, interest
focused on changes in anthropometric characteristics, vital signs, glycemic parameters, serum lipids, and
liver function tests. In addition, for subjects with T2DM, changes in concomitant T2DM medication were
of interest as well as the remission of T2DM, which was defined as fasting glucose levels < 110 mg/dL and
HbA1c < 6.0% without the use of anti-hyperglycemic agents (AHAs) at 12 months after surgery.

Summary statistics for the outcome parameters were calculated, as well as their change from baseline. For
all analyses, baseline was defined as the last available measurement taken on or before the date of RYGB
surgery. For the mean change from baseline, 95% confidence intervals were estimated, and the one-sample
t-test or the Wilcoxon rank-sum test was applied. No multiplicity adjustments were made to P-values for
testing the change from baseline. Given the retrospective design of the study and sparseness of data at
all available time points post-surgery for some parameters, the last observation carried forward (LOCF)
approach was used. For each parameter, the latest value observed in the first 12 months after surgery was
identified and used to evaluate the change from baseline to Month 12. Change in BMI was summarized
by baseline BMI subgroup based on the WHO cutoft points. A significance level of 0.05 was considered
statistically significant, and all reported p-values are nominal P-values.

To explore which factors could be associated with T2DM remission or non-remission, univariable
and multivariable analyses were performed. Summary statistics for baseline demographic and clinical
characteristics as well as post-surgery weight and BMI change were generated for patients with and without
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Table 1. Demographics and baseline characteristics

ch teristi Overall (7 =130) T2DM (7 =103)
aracteristic n Mean + SD/n (%) n Mean + SD/n (%)
Age (years) 130 434+M.3 103 46.2+10.1
Sex
Female 130 45 (34.6) 103 33(32.0)
Male 130 85 (65.4) 103 70 (68.0)
BMI (kg/m?) 127 331+£9.0 101 31.2+79
Weight (kg) 130 947 +29.6 103 879+24.2
Waist circumference (cm) 102 108.0+21.4 86 104.2+18.7
Female 35 108.2+18.4 27 105.5+19.3
Male 67 1079 +229 59 103.6 +18.6
Waist-to-hip ratio 76 0.96+0.10 75 0.96+£0.10
Female 24 093+014 24 093+0.14
Male 52 0.97 £0.06 5] 0.97 £0.06
Duration of T2DM (years) NA NA 102 6.6+4.7

BMI: Body mass index; NA: not applicable; SD: standard deviation; T2DM: type 2 diabetes mellitus.

T2DM remission. Logistic regression analyses with T2DM remission as the dependent variable were also
performed using backward selection to determine what variables were independently associated with
T2DM remission when considering all predictors simultaneously. All statistical analyses were performed
with SAS®, Cary, NC.

RESULTS

Patient characteristics
In total, 130 Han Chinese patients met the eligibility criteria, of whom 103 patients (79.2%) had a diagnosis
of T2DM. Demographics and baseline characteristics are presented in Table 1.

Surgical interventions and outcomes

RYGB procedures and postoperative care were performed per the standard of care at each hospital. The
mean length of the biliopancreatic limb was 74.9 + 37.0 cm, and the Roux limb was 97.5 + 36.6 cm. All 130
procedures were successfully completed laparoscopically across a broad BMI range of 20.8-65.3 kg/m” (2.4%
for BMI 18.5 to < 23.0 kg/m’; 29.9% for BMI 23.0 to < 27.5 kg/m’; 27.6% for BMI 27.5 to < 32.5 kg/m’; and
40.2% for BMI > 32.5 kg/m”). The mean operative time was 179 + 59 min. The mean length of stay (surgery-
to-discharge) was 8.8 + 5.7 nights.

For the total population, weight pre-surgery and at 12 months was available for 90 patients and was
reduced by 16.5 + 12.8%. Meaningful reductions in BMI were also observed (-6.2 + 5.6 kg/m’) at 12 months
with LOCE Excessive weight loss was not observed as the lowest postoperative BMI reported was 18.1 kg/m”,
Meaningful improvements were also observed in the total population through 12 months for glycemic
control, vital signs, blood lipids, and liver function [Table 2]. Among 53 procedure-related AEs, 24 (45.3%)
were recorded as Clavien-Dindo Grade 1, 20 (37.7%) were Grade 2, and 9 (17.0%) were Grade 3. The more
serious events (all Grade 3, no Grade 4) included ileus (n = 2), anastomotic leak (n = 1), anastomotic
stenosis (n = 1), gastric fistula (n = 1), gastric ulcer (n = 1), intestinal obstruction (#n = 1), post-procedural
edema (n = 1), and small intestinal obstruction (n = 1). Six patients (4.6%) reported nine AEs within 30
days after the procedure, including five patients (six AEs) with GI disorders. Five patients experienced AEs
requiring reoperation, and these AEs included small bowel obstruction, anastomotic leakage, anastomotic
stenosis, ileus, gastric fistula, and anastomotic edema. Every AE requiring reoperation was resolved.

PATIENTS WITH T2DM AND RISK ANALYSIS

Following RYGB surgery in patients with T2DM, statistically significant and clinically meaningful
improvements in anthropometric characteristics and laboratory values were observed 12 months after
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Table 2. Anthropometric characteristics, vital signs, and laboratory values for patients with T2DM using last observation in Year 1
carried forward

Variable n Baseline Month 12 A, 0to12 mo P
Weight

Weight (kg) 87 87.7+239 727 +£20.4 -15.0 £15.2 <0.001

Change in weight (%) 87 NA NA -159+12.5 <0.001

%EWL' 87 NA NA -42.8+44.2 <0.001

BMI (kg/m?) 78 309+79 249+58 -6.0+55 <0.001
Blood pressure

Systolic blood pressure (mmHg) 88 1294 £13.8 123.0+£14.3 -6.4+15.9 <0.001

Diastolic blood pressure (mmHg) 88 80.3+9.2 776+9.4 -27+116 0.034
Glycemic outcomes

HbAlc (%) 87 8.0+19 61+15 19422 <0.001

FBG (mg/dL) 100 165.8 + 64.9 16.6 +37.6 -49.2+70.3 <0.001

Fasting C-peptide (ng/mL) 85 25415 15+0.7 10414 <0.001

Fasting insulin (miu/L) 75 19.4+149 77 +8.8 -1.7 £15.0 <0.001
Serum lipids

HDL-C (mg/dL) 95 44.6 £12.1 51.0+14.7 6.4 +114.0 <0.001

LDL-C (mg/dL) 95 1071+£35.7 84.2 +23.7 -229+339 <0.001

Triglycerides (mg/dL) 94 2299 +254.4 120.7 £155.7 -109.2 £ 2541 <0.001

TC (mg/dL) 95 188.0+549 153.3+32.7 -34.7 +58.5 <0.001
Liver function

ALT (U/L) 96 379+25.0 274 +£159 -10.5+27.8 <0.001

AST (U/L) 88 301+16.5 251+141 -5.0+21.6 0.032

Data are shown as mean + standard deviation. ‘%EWL is based on a target BMI of 19.0 kg/m”. ALT: Alanine aminotransferase; AST:
aspartate aminotransferase; BMI: body mass index; FBG: fasting blood glucose; HbATc: glycosylated hemoglobin; HDL-C: high-density
lipoprotein cholesterol; %EWL: percent excess weight loss; LDL-C: low-density lipoprotein cholesterol; NA: not applicable; TC: total
cholesterol.

surgery [Table 2]. There were significant reductions in the glycemic outcomes (HbA1c, fasting blood
glucose, fasting c-peptide, and fasting insulin) from baseline to Month 12. In addition, patients had
improved blood pressure values (systolic and diastolic), lipid values (increased high-density lipoprotein
cholesterol and decreased low-density lipoprotein cholesterol, triglycerides, and total cholesterol), and
liver function values (decreased alanine aminotransferase and aspartate aminotransferase). Patients lost
15.9 + 12.5% of their weight, with higher weight loss observed in those with higher BMI at baseline [Tables 2
and 3]. Severely obese individuals (BMI > 32.5 kg/m’) lost 20.7 + 16.5% of their weight on average. Figure 1
demonstrates an overall trend towards reduced health risk based on BMI classification. The only patient
with BMI < 23 kg/m’ remained in this category at 12 months. Among the 21 patients with BMI 23-27.5 kg/m’
before surgery, 10 (47.6%) remained in the same BMI category, while 11 (52.4%) were downgraded to < 23
kg/m’. Among the 32 patients with BMI > 27.5 kg/m’ before surgery, 9 (28.1%) remained in the same BMI
category, 13 (40.6%) were downgraded to 23-27.5 kg/m”’, and 10 (31.3%) were downgraded to < 23 kg/m’.
Therefore, 63% of the patients with T2DM reduced their WHO BMI risk category by at least one category
after RYGB.

As shown in Figure 2, the percentage of patients diagnosed with T2DM and achieving glycemic control
(HbA1c < 6.0%) significantly increased from baseline (11.5%) to 12 months post-procedure (56.3%). An
overall reduction in the use of AHAs occurred during the first year after surgery [Figure 3], including
a decrease in the number of patients with insulin requirement, from 55.4% at baseline to 27.0% over 12
months. Patients with T2DM requiring no AHA increased from 16.2% at baseline to 33.8% at 12 months
post-procedure. The percentage of patients taking antihypertensive medication decreased (baseline to
Month 12) from 28.4% to 18.9%, and those taking dyslipidemia medication decreased from 8.1% to 4.1%.

There were 71 patients with data available for the assessment of T2DM remission and any potential
predictive factor. Fifty-seven patients (80.3%) showed improvements and near-remission and 14 patients
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Table 3. Anthropometric characteristics and laboratory values for patients with T2DM (stratified by BMI group) using last
observation in Year 1 carried forward

A, 0to12 mo
Variable BMI Group()z BMI Group | , BMI Group 1l s BMI Group IIZI
(< 23.0 kg/m*) (23.0t0<27.5kg/m?) (27.5to<32.5kg/m?) (>32.5kg/m?)
n Mean + SD n Mean + SD n Mean + SD n  Mean+SD
Weight
Weight (%) 1 -13.4 34 -11.8+10.2 28 -169+938 24 -20.7+16.5
BMI (kg/m* %) 1 -8.2 31 -127+94 28 -18.0+94 18 2711144
Glycemic outcomes
HbAlc (A%) 1 -1.7 34 -16+£22 27 19423 24 -25+21
FBG (mg/dL) 3 -16.9+19.8 35 -51.6+700 31 -36.2+781 30 -66.8+611
Serum lipids
HDL-C (mg/dL) 3 -8.8+4.8 32 6.6+15.2 31 65+155 28 71+£105
LDL-C (mg/dL) 3 -256+14.4 32 -155+406 31 -21.6+314 28 -327+29.0
Triglycerides (mg/dL) 3 -31.0+129 32 -158.5+3931 30 -53.5+1529 28 -123.3+112.2
TC (mg/dL) 3 -36.3+28.2 32 -264+591 31 -377+769 28 -41.5+337

BMI: Body mass index; FBG: fasting blood glucose; HbATc: glycosylated hemoglobin; HDL-C: high-density lipoprotein cholesterol; LDL-C:
low-density lipoprotein cholesterol; SD: standard deviation; TC: total cholesterol.

35 12-month BMI Category
N, % Subjects

30
. 227.5 kgim2
N=0, 16.7%
25
20
10 @ [] 230-<275kgim2
15 I N=23, 42.6%
10
18.5 - <23.0 kg/m2
5 [ N=22, 40.7%
1
. 23.0 - <27.5 kgim2 227.5 kgim2
18.5 - <23.0 kgim2 .0- <27.5 kgim -
N=1, At N=21, 38.9% N=32, 59.2%

Baseline BMI Category
N, % Subjects

Figure 1. Change in BMI Risk Category after RYGB. The patients with T2DM (N = 54) were placed into three groups, dependent on their
baseline BMI. The x-axis shows the baseline BMI category distribution, while the y-axis shows the redistribution of the BMI groups at 12
months post-surgery. RYGB: Roux-en-Y gastric bypass; T2DM: type 2 diabetes mellitus; BMI: body mass index.

(19.7%) achieved the defined remission criteria at 12 months after surgery. Preoperative factors in patients
with and without T2DM remission were assessed [Table 4]. Univariable analyses identified the age and
T2DM duration as being significantly lower and baseline BMI and weight as being significantly higher
in the remission group than those in the non-remission group. These findings were confirmed in the
multivariable analyses, although the small sample size of subjects with complete data at 12 months limited
the generalizability of the results from the regression model.
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Figure 2. Glycemic control based on HbATc for patients with T2DM. Patients were separated into four different HbAlc ranges (N = 87).
The increase in the number of patients under glycemic control (HbAlc < 6.0%) and the decrease in the number of patients with a high
HbATc (= 7.0%) are shown. T2DM: Type 2 diabetes mellitus; HbAlc: glycosylated hemoglobin.
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Figure 3. Medication use (anti-hyperglycemic agents) for patients with T2DM (N = 74). The decrease in insulin usage is shown. T2DM:
Type 2 diabetes mellitus.
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Table 4. Univariable analysis of preoperative and postoperative factors in patients with and without T”2DM remission

Factor Remission’ No remission P
(n=14) (n=57)

Age (years) 37.8+84 472498 0.002
Weight (kg) 109.3+36.1 86.2+19.8 0.035
BMI (kg/m?) 36.3+101 305+69 0.013
Waist circumference (cm) 115.6 £ 25.7 102.8 +16.6 0184
Fasting blood glucose (mg/dL) 188.4+779 163.8 +63.5 0.218
HbAlc (%) 86+22 7.8+19 0.197
Duration of T2DM (years) 31+3.6 6.2+49 0.030
Number of T2DM medications 1.8+19 24+14 0.249
Weight change (kg) -25.0 £13.2 18.2+17.2 0.295
Percent weight change (%) -26.4 +10.5 -18.6 £13.1 0123
BMI change (kg/m?) -84+4.6 -6.6+6.3 0.435

Data are shown as mean + standard deviation. Results are consistent with the results of multivariable logistic regression, although the
sample size was too small to support formal statistical modeling robustly. TRemission was defined as fasting blood glucose < 110 mg/dL,
HbAlc < 6.0%, and without the use of anti-hyperglycemic agents at 12 months after surgery. BMI: Body mass index; HbATlc: glycosylated
hemoglobin; T2DM: type 2 diabetes mellitus.

DISCUSSION

This study showed that RYGB may be effective for weight loss and control of T2DM in Chinese patients
who are obese and overweight considering the low remission rate. Patients with T2DM who were younger,
had a higher BMI at baseline, and had a shorter T2DM duration were more likely to achieve T2DM
remission. In patients with T2DM, significant improvements in anthropometric characteristics were
observed at 12 months after surgery. Significant and meaningful improvements were concurrently observed
in glycemic and lipid measurements. The outcomes reported in this retrospective study for RYGB appear
consistent with recently published literature seen in Western patients with T2DM""
with T2DM"™.

and Asian patients

Nevertheless, a major difference should be noted. In Western countries, about 80% of the patients who
undergo bariatric surgery are female, mainly because of greater worries about the physical appearance
and higher awareness of the impact of overweight on health than men"®. In the present study, most patients
were male (65%). In the study of the bariatric surgeries performed between 2001 and 2015 in China, Du ef al.”
reported that males represented 48% of the patients, significantly more than in Western countries. The exact
reason for this discrepancy is difficult to explain, as highlighted by Du et al.”', and additional study is
necessary.

The WHO has previously presented health action points for BMI categories in Asian populations. The
suggested categories were: underweight, < 18.5 kg/m’; increasing but acceptable risk, 18.5-23 kg/m’;
increased risk, 23-27.5 kg/m? and high-risk, > 27.5 kg/m®*. The Diabetes Surgery Summit II (DSS-II)
concluded that there is sufficient clinical and mechanistic evidence to support the inclusion of metabolic
surgery among antidiabetic interventions for patients with T2DM and obesity, and it should be considered
for Asian patients with T2DM and BMI 27.5-32.4 kg/m’ if hyperglycemia is inadequately controlled with
either oral or injectable medications"”. In this study, we found that there was a redistribution of the BMI
groups at 12 months after RYGB. In patients in the high-risk category (> 27.5 kg/m®) at baseline, risk was
reduced by one or more categories in > 70% of patients, and, among those in the increased risk category
(23.0 to < 27.5 kg/m”) at baseline, over 50% reached the increasing but acceptable risk category (18.5 to <
23.0 kg/m”). This result is consistent with the conclusions made by the DSS-II.

In the present study, the T2DM remission rate at 12 months was 19.7%, which is lower than that reported
in the Swedish Obese Subject study, where the remission rate with surgery was 72.3% at two years, but it
decreased to 30.4% at 15 years'". A meta-analysis reported a remission rate of 78.1% """, The exact criteria
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for remission and the timing of evaluation may affect the results. In the present study, using strict criteria,
remission was observed in 19.7%, but near-remission was observed in the remaining 80.3% of the patients.
Of note, LOCF had to be used to account for missing values in many patients.

Nevertheless, this study confirms the results of other work on the effectiveness of RYGB for weight loss
in China and contributes to the growing body of evidence that RYGB can slow the progression of weight-
related diabetes, even inducing remission in some and improving control with fewer AHAs in the vast
majority. Notably, more than half of those on insulin at baseline achieved glycemic control without insulin
at 12 months after RYGB surgery. Preventing or reducing the need for insulin treatment is important both
from a patient’s quality of life perspective and from a healthcare utilization perspective™. In the present
study, RYGB allowed at least a partial remission in all patients. Those with a short T2DM duration were
at a higher likelihood of achieving remission, while those with a longer duration can nevertheless obtain
some benefits from RYGB. Previous studies generally agree that younger age, shorter duration of diabetes,
higher C-peptide levels, higher baseline BMI, and higher baseline visceral fat area are associated with
remission after surgerymm. Three prediction models based on different combinations of those variables are
available (the DiaRem, ABCD, and individualized metabolic surgery scores)”"*'™*!. In the present study, no
score could be derived from the data because of the limited data, but age and T2DM duration were lower
and baseline BMI and weight were higher in the remission group than in the non-remission group, as
supported by the previous models”"*"*" and studies™ " Nevertheless, patients with higher BMI at baseline
had a higher probability of achieving remission than those with a lower BMI. There is currently no accepted
explanation for this phenomenon, but there is the possibility that the disease characteristics (such as insulin
resistance and other metabolic disturbances) are different between the two groups of patients”*’. This
will have to be examined using metabolic studies to determine possible differences in energy metabolism
among patients that could account for the differences in weight loss. Because the BMI cutoff points are not
the same between Chinese and Western patients, it is possible that the percent change in excess weight loss
(%EWL) is also different. In the present study, the %EWL was -42.8% + 44.2%, indicating that, although
the excess weight was cut by half in most patients, there was a wide variability among patients. In addition,
%EWL was not associated with remission, while some previous Western studies associated %EWL with
remission'"**, A meta-analysis showed ethnic differences in %EWL after metabolic surgery, although Asian
patients were not included””. In addition, around 60% of the patients in this study had a BMI lower than
32.5 kg/m’, which may be very different from Western populations.

In the present study, the operative time and length of stay were longer than those usually observed in
Western countries. The present study covered the 2009-2014 period, and Du et al.” showed that, even
though bariatric surgery has been performed in China since 2001, most of the cases were in the 2011-2015
period, suggesting that the experience during 2009-2014 was relatively low, leading to longer surgeries.
Regarding the length of stay, there is a shortage of general practitioners in China, and the Chinese
healthcare system is based on specialists™”. Therefore, patients are generally discharged when all symptoms
and signs are resolved, leading to longer lengths of stay.

STRENGTHS AND LIMITATIONS

The strength of this report is the multicenter approach of data collection, capturing data from five Chinese
hospitals. This report provides one of a limited number of multicenter studies available from China"”.
This study has several limitations, including the retrospective design, no comparative arm, a single
procedure (RYGB) evaluated, exclusion of patients without 12-month data, a small patient population, lack
of complete outcome data reported on the majority of patients at 12 months (e.g, BMI values were only
available in 78 out of 103 T2DM subjects), and the short-term follow-up. The data were from the first sites

in China that conducted RYGB surgery, and it took time for patients to accept the new treatment pathway.
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Further work in prospective, multicenter, long-term follow-up designed studies is warranted to support
RYGB as an effective, long-lasting treatment option in both morbidly and non-morbidly obese Chinese
patients with T2DM.

In conclusion, This study supplements the evidence showing that RYGB is an important surgical option
for the control of obesity and weight-related T2DM in Chinese patients. Half of the patients with insulin
requirements at the time of RYGB can expect to maintain glycemic control with non-insulin AHAs after
RYGB. Those not taking insulin prior to RYGB can expect to achieve glycemic control with fewer AHAs,
and, if a patient has a short T2DM duration, glycemic control can even be achieved without the need for
AHAs.
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I got involved in robotic surgery more than 25 years ago, with the development of our own robotic arm,
as an assistant holder for the laparoscope, the first Canadian laparoscopic robotic arm, a vertical like
AESOP laparoscope holder"’. It was built by using an industrial robotic arm from CRS Robotics corporation
( Burlington Ontario) used in automated labs, transformed with the help of engineers from the Polytechnique
of Montreal of the University of Montreal, and eventually added the first voice activation from Northern
Telecom, before Computer Motion's HERMES system". However, it was never commercialised, and I
started to work at the Cleveland clinic in mid-1995, working in partnership with Computer Motion for the
clinical developments of the ZEUS robotic system. One of the first concepts of using robotic systems for
surgery was the parallel credence of the employment of “master-slave” manipulators used in the nuclear
industry for the handling of deadly radiation materials. Hence, I visited at the invitation and organisation
of the late Prof. Gerard Buess the “master-slave” manipulator installed at the Karlsruhe Nuclear Research
Center, in Karlsruhe Germany"'. This consisted of a seat with hand holding large crude manipulators,
watching through a window, two arms picking up radiation containers, and then a crude template for a
“robotic system” for surgery.

At the headquarters of Computer Motion in Goleta California, I was the very first to demonstrate a
complete robotic-assisted mammary-coronary anastomosis in the porcine model, demonstrating the
true potential of robotic surgery. My experience in 1995-1997 led us to believe that robotic systems
were especially made for small anastomosis, by having the first ZEUS system ever built, at the Cleveland
clinic in 1996, after convincing the legendary CEO Dr. Floyd Loop, a cardiac surgeon himself, who got
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interested in the technology for future cardiac applications. I had worked previously with Dr. Gilles Soulez
back at the Hotel-Dieu de Montreal, an interventional radiologist, on a percutaneous guided mammary-
coronary anastomosis, under thoracoscopic guidance, and had experimented with thoracoscopic coronary
anastomosis in the swine before 1995, This led to animal and clinical trials at the Cleveland clinic with
small calibre anastomosis like the coronary anastomosis and fallopian tube reconstruction””. I then moved
to Mount Sinai School of Medicine in New York in 1998, leading the laparoscopic and bariatric surgery
section, and convinced Larry Hollier, the new chairman of the surgery, to get a lease on ZEUS. After also
convincing Jacques Marescaux from IRCAD to acquire the same model ZEUS, as he did not want initially,
so we could perform using the same system, a surgery between New York and Strasbourg, rather than the
incompatible DaVinci at the time, to perform the first transatlantic robotic assisted surgery'”. ZEUS had
been used first for human coronary and cardiac applications, and gynecological applications, but DaVinci
got there first in human general surgical applications”"". Both had their strengths and weaknesses, and
for the next 5 years, conferences were presenting clinical work from those 2 systems. Thus, after the
collapse of Computer Motion due to losing a major key patent lawsuit with Intuitive Surgical, and their
merger in 2003, my development efforts with robotic surgery were halted. The lack of competition for the
next 15 years, led Intuitive to occupy the field alone, and frankly with slow improvements on the existing
system of the 1990’S. For me, it didn't make sense to perform large suture surgeries (2-0 and 3-0) with
those systems, as we demonstrated already in 1996, the equivalence of laparoscopic surgery, at much lower
costs"”. We even did a comparison with the 2 existing robotic systems ZEUS vs. DaVinci, and laparoscopic
surgery, showing no real differences and advantages”. One difficulty in comparing laparoscopic surgery
and robotic surgery is the added 3D vision with robotic surgery, and one had to wonder if we are really
comparing surgical systems or visual systems, as comparison between 2D and 3D systems in laparoscopic
surgery has shown an advantage for non-experience or poorer proficient surgeons***’. It seems to me that
this is what is captured in the comparison of robotic vs. laparoscopic surgery using the existing system,
mostly a 3D effect.

Both the Zeus system and the DaVinci system are not a true robotic system, but rather a “master-slave”
manipulator as used in the nuclear research facilities. Hence, whatever you do with the manipulator, it
is reproduced with fidelity and filtered at the end of the “slave” instrument, or “garbage in, garbage out”
Hence, if the surgical gesture is excellent, the surgery will be excellent; if it is bad, the surgery will not be
corrected into a good one, due to the lack of artificial intelligence. Also, as Dr. Harvey Cushing, one of
Harvard’s great neurosurgeons, once remarked, “There is no such thing as minor surgery, but there are
a lot of minor surgeons’, and robotic assisted surgery still requires skilled hands"®. Therefore, from that
perspective, what people call “robotic surgery’, is actually laparoscopic surgery with surgical human hands,
period. I continued in the early 2000’ at Mount Sinai School of medicine to dabble with the DaVinci robot
looking for general surgical applications, especially in bariatric surgery, because it was there in the corner
accumulating dust"”"”. T did not find it useful, and it was slower for me, taking more time to set up the
operating room, and not providing any clinical benefit to patients.

After several clinical series have been published on the matter of robotic-assisted surgery for general
surgery, HPB surgery, thoracic surgery, urology, gynaecology and now other surgical fields, RCT
(Randomized Controlled Trial) data followed this period comparing robotic surgery to laparoscopy, but
also later between robotic surgery and open surgery. Most trials have shown no difference clinically,
between laparoscopic surgery and robotic surgery'”*". Why then robotic-assisted surgery vs. open surgery?
Because if you cannot demonstrate a clinical benefit with laparoscopic surgery, then those who sell the
system, will use arguments that it does have benefits over open surgery. However, we already demonstrated
this in the 1990s, where laparoscopic was demonstrated to be superior in decreasing length of stay, pain,
morbidity and mortality, as well as costs. So why repeat it? Perhaps because it is the only argument left,
trying to confirm to the users and patients that robotic surgery is giving benefits on its own. The robotic
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industry has never been able to demonstrate a cost advantage to laparoscopic surgery, and it will get
worse. Why? Because the cost of doing laparoscopy is constantly decreasing, year after year, with cheaper
trocars and better staplers, and more solid reusables of increasing quality. While regarding robotic-assisted
surgery at the moment, costs are increasing year after year, with cost of research and development having
to be amortized in the costs of robotic systems, costs like disposables, added energy sources, stapling and
approximation technologies and perhaps in the near future, artificial intelligence and image processing.
Also, diameters are getting smaller, and more endoscopic tools are getting into play so that the combination
of laparoscopic and flexible endoscopy may give a hard time to robotic systems in the next 2 decades at a
lower cost again. If patients can be discharged the same day, it will be difficult to beat, as costs will be even
lower. It may also be a generation thing””. The younger surgical generation has not known the struggles
and fights to move laparoscopy from open surgery. They have been raised with computer games, laptops,
and smartphones. They see robotic-assisted surgery as a similar platform and learn it faster than training
harder with discipline on laparoscopic instruments, even if it costs more at the end, I think. There is the
promise that true robotic surgery will emerge one day, so they might get involved now after all.

Then do you know what robotic-assisted surgery really is or should be"**'? It is autonomous surgery with
artificial intelligence. The presently called “robotic surgery” is not, which is a misnomer, a confused
terminology, as it is firstly laparoscopic-assisted, and the robot is not a robot. The early pioneers of so-
called robotic surgery, are today not doing any sort of routine or daily robotic surgery, who long ago saw no
real benefit of the technology. Ask Jacques Himpens and Guy-Bernard Cadiere from Belgium, the first users
of the DaVinci, and myself the first user of Zeus. We are not doing any sort of regular robotic surgeries. We
did not get fooled by these laparoscopic manipulators; we have been waiting for the real thing for 25 years
now. I did work on the clinical development of Surgibot (different from Senhance, Surgibot is a flexible
single port platform) from Trensenterix, a North Carolina based company, and provided animal expertise
and data for the FDA approval, but the robot did not demonstrate superiority to existing laparoscopy,
and the approval was denied in 2016. Transenterix sold the intellectual property to GBIL( Great Belief
International Limited) in December 2017 for 29 millions, with the hope to develop it in China. GBIL also
acquired Auto-Lap in 2019, reminiscent of AESOP reinvented, a laparoscope holder, as we are now closing
the circle 25 years later. How interesting! Now that the general robotic surgical patents have expired, and
there are a multitude of copycats like, competition is finally happening again, we may see emerging real
robotic surgery, and until then, it is not different from laparoscopic surgery.
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Abstract

Minimally invasive glaucoma surgery (MIGS) has become increasingly popular as a step in the management
pathway of open angle glaucoma. Due to the relative novelty of these devices, there remains some paucity of
evidence relating to their long-term efficacy and safety, and this can make comparison between these techniques
somewhat complex. This review article aims to guide clinical decision making by providing the latest evidence
on the comparative efficacy of current iterations of minimally invasive glaucoma surgery. A literature review
was conducted to identify the most significant recent evidence to support the safety and efficacy of the various
forms of minimally invasive glaucoma surgery. Included studies provided efficacy and safety data on a variety of
minimally invasive glaucoma surgery methods. The PubMed database was searched and a total of 484 studies,
published between 2015 and 2020 were identified, of which 27 were included. The studies indicate that most
available forms of minimally invasive glaucoma surgery show statistically significant efficacy in terms of intra-
ocular pressure reduction and improvement in medication burden, while maintaining an acceptable safety profile.

Keywords: Minimally invasive glaucoma surgery, open angle glaucoma, trabecular microbypass, ab-interno
canaloplasty, trabeculectomy, suprachoroidal, subconjunctival
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INTRODUCTION

Minimally invasive glaucoma surgery (MIGS) is an emerging field in open angle glaucoma (OAG)
management with a promise to offer a reduction in intra-ocular pressure (IOP) and medication burden
without the comparatively high risk of complications associated with more invasive incisional procedures.
Glaucoma is characterized by progressive optic neuropathy that is associated with progressive field loss in
which IOP is a key modifiable factor. Current established management options to reduce IOP primarily
revolve around topical medications or application of selective laser trabeculoplasty (SLT) or a combination
of both. Failing these, patients will often require invasive and complicated surgery to avoid blindness. In
recent years, however, MIGS has heralded a new dawn in reducing IOP for glaucoma patients.

Topical medications for glaucoma

The main aim of topical therapy is to reduce IOP and to do so with fewer medications and side effects as
possible (summarised below in Table 1 in order of treatment preference)"’. The first-line topical agents
in OAG are the prostaglandin analogues, which utilise the uveoscleral pathway to increase outflow of
aqueous humor and are usually taken as a single dose at night. These medications cause minimal systemic
adverse events, but local adverse events including conjunctival hyperaemia, periocular darkening, iris
darkening, eyelash darkening and lengthening, macular oedema, and uveitis are known to occur. Second-
line agents include B-adrenergic blockers, a-agonists, carbonic anhydrase inhibitors, and cholinergic
agonists, and are used when prostaglandin analogues are insufficient to control IOP or are contraindicated.
Many of these medications cause local and systemic side effects including ocular irritation and dry eye.
b-adrenergic blockers in particular are contraindicated in chronic obstructive pulmonary disease, asthma
and bradycardia due to their systemic effects'.

Alternatives to topical medications

While medications can significantly reduce the disease progression of OAG with ideal use, they are
limited by inconsistent compliance and their associated side effect profile. Compliance can be affected by a
multiplicity of medications and long duration of treatment. A recent study of 128 South Australian patients
found that for patients on long-term topical glaucoma therapy, the maximal adherence level was as low as
41.4%. The primary reason for poor compliance was reported as poor memory or forgetfulnesslz]. For this
reason, medications are often inferior to surgical intervention as they require long-term compliance, and in
this case only an estimated 41.4% of patients are truly seeing the full effect of treatment, in comparison with
surgery where ongoing effect is not reliant on the patient’s ability to comply with the treatment regimen.

For severe OAG that is uncontrolled with medications, trabeculectomy is the most common IOP-lowering
surgery performed; however, it is an invasive procedure and carries a significant risk of complications.
A recent Cochrane review of five studies showed that complications are comparatively likely with
trabeculectomy. These include hyphaema (seen in 13.1% of eyes), shallow anterior chamber (14.1%),
choroidal detachment (14.1%), postoperative IOP spike (2.1%), anterior chamber inflammation (7.3%),
hypotony (15.6%) and accelerated cataract progression (13.7%)". An alternative to trabeculotomy is laser
trabeculoplasty, which is a less invasive in-office procedure that can lead to significant IOP reductions;
however, it is less effective than undergoing a trabeculectomy, with a 10% failure rate per year'". In addition
to these methods, whilst cataract surgery is traditionally performed to treat vision distortion, it is also a
proven effective adjunct in the management of glaucoma. Phacoemulsification alone has been shown to
cause a mean reduction in IOP of 5.3 + 3.9 mmHg and reduce mean medication burden from 1.7 + 0.9 to

0.7 + 0.9 at 24 months as a standalone procedure'”’.

What is minimally invasive glaucoma surgery?

Given the limited success profile of current treatments, MIGS has become increasingly popular as a form of
treatment for glaucoma. There are numerous MIGS approaches, including: (1) increasing flow through the
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Table 1. Summary of current medical glaucoma treatment
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Medication class Examples Mode of action Adverse effects Precautions
Prostaglandin Travoprost Increasing uveoscleral outflow of Iris hyperpigmentation Iritis/uveitis
analogues Bimatoprost aqueous humour Darkening/discolouration lid/ Herpetic keratitis
Latanoprost conjunctival oedema Aphakia
Tafluprost Uveitis or iritis Pregnancy
Unoprostone Macular oedema
B-adrenergic Timolol Suppress aqueous humour Blurred vision Systemic beta blockade
blockers Betaxolol production Stinging Asthma
Carteolol Bradycardia COPD
Metipranolol Bradyarrhythmia
Levubunolol
a-adrenergic Apraclonidine  Suppress aqueous humour Ocular allergy Severe cardiovascular
agonists Brominidine production and increased Hyperaemia disease

uveoscleral outflow

Ocular irritation

Dry mouth and nose
Taste disturbance
Headache

Carbonic anhydrase  Brinzolamide Suppress aqueous humor Ocular irritation Compromised corneal

inhibitors Dorzolamide production Transient blurred vision endothelium
Acetazolamide Foreign body sensation Pregnancy
Bitter taste
Cholinergic agonists  Pilocarpine Increased trabecular aqueous Blurred vision Uveitis
Carbachol humour outflow Myopia Iritis
Ocular irritation Risk of retinal detachment
Headache Heavily pigmented eyes

Summary of current glaucoma medications in descending order of treatment preference. COPD: Chronic obstructive pulmonary disease™.

trabecular meshwork and Schlemm’s canal; (2) directing flow through the supraciliary space; (3) directing
aqueous outflow to the subconjunctival space; and (4) reducing the production of aqueous fluid at the
ciliary processes.

All of these methods share some common features including an ab-interno approach which spares incision
of the sclera, leading to a more favourable side effect profile compared with some other traditional pressure
lowering procedures such as trabeculectomy or ab-externo drainage devices. However, one important
distinction is that MIGS generally leads to a smaller reduction in intra-ocular pressure than more invasive
approaches, and for this reason it is important to consider the individual patient needs prior to deciding
upon the glaucoma management.

In this study a literature review was performed, assessing the different types of MIGS procedures and
providing an overview of their comparable efficacy in an effort to inform clinical decision making and
bring attention to the variety of MIGS available.

METHODS

A literature review was performed to identify studies that evaluated the efficacy and safety of various MIGS
procedures. For the purposes of this review, included studies had to provide data on currently available
forms of MIGS in terms of IOP and medication reductions, and also comment on the safety profile of these
devices. In the case of emerging MIGS, studies were included if they gave a description of these devices or
included a description of upcoming trials. Exclusion criteria included non-English language papers, non-
human research, case studies and articles written before the 1st of January 2015.

The electronic database used for this literature review was PubMed. The database was searched in October
2020. The search was limited to articles published from January 1, 2015 to October 9, 2020 in the English
language. The search terms were: [(MIGS OR micro invasive OR micro bypass OR stent) AND (glaucoma
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Table 2. Summary of efficacy results from studies included in the review

. Combination Stud . Medication
Technique Study stan dalone/ desig¥1 Population 10P change (%) reduction
Schlemm'’s canal

iStent Hooshmand et al.”  + CE PCS 245 eyes 18 mo: -13.23 18 mo: -0.8
Ferguson et al."” + CE RCS 24 eyes 36 mo: -24.72 36 mo: -0.16
Ferguson et al.”’ +CE RCS 115 eyes 24 mo: -27.45 24 mo: -0.7
Ahmed et al.™® +CE RCT 75 eyes 12 mo: -5.24 12 mo: -1.0
Katz et al."”’ Standalone RCT 119 subjects 42 mo: -21.89 42 mo: - 1.65

iStent inject Hooshmand et al.”  + CE PCS 245 eyes 18 mo: -11.64 18 mo: -0.8
Samuelsonetal"  +CE RCT 505 eyes 24 mo: -40 24 mo: -1.2

Hydrus Samuelson et al."! +CE RCT 556 eyes 24 mo: -43.68 24 mo: -1.4
Ahmed et al.™® +CE RCT 73 eyes 12 mo: -8.95 12 mo: -1.6

ABIC Davids et al.!™ +/-CE RCS 36 eyes 12 mo: -30.3 12 mo: -0.37
Heersink et al."™ + CE +iStent RCS 86 eyes 6 mo: -17.47 6 mo: -0.9

Trabectome Esfandiari et al."™ +CE RCS 154 eyes 24 mo: -9.15 24 mo: -0.6
Avar et al." +/-CE RCS 154 eyes 60 mo: -25.22 60 mo: -1.3

GATT Olgun et al.™ +/- CE RCS 107 eyes 24 mo: -38.55 24 mo: -2.1

Goniotomy Elmallah et al."® + CE RCS 315 eyes 12 mo: -27.47 12 mo: -1.03

Supraciliary space/ciliary process

CyPass Vold et al.™ +CE RCT 374 subjects 24 mo: -30.33 24 mo: -1.2
Reiss et al.™ +CE RCT 215 subjects 60 mo: -34.29 n/a
Fard et al."™ +CE SR/MA 274 subjects 24 mo: -35.7 24 mo: -0.66
Fard et al."™ Standalone SR/MA 182 subjects 24 mo: -16.1 24 mo: -1.24

iStent Supra Myers et al.”” + 2 iStent PCS 80 subjects 48 mo: -41.36 n/a

ECP Pantalon et al.”" + CE + 2 iStent PCS 63 eyes 12 mo: -34.65 12 mo: -0.98

Subconjunctival space

XEN Gel Stent Olgun et al.™ +/-CE RCS 114 eyes 24 mo: -41.8 24 mo: -2
Karimi et al."* +/-CE RCS 226 subjects 18 mo: -30.05 18 mo: -1.5
Wagner et al.””* Standalone RCS 171 eyes 12 mo: -37.89 12 mo: -1.7
Gillmann et al. +/-CE PCS 110 eyes 24 mo: -27.53 24 mo: -1.45

MicroShunt Sadruddin et al.”*” +/- CE RA 23 patients 36 mo: -44.96 36 mo: -1.7

CE: Cataract extraction; PCS: prospective case series; RCS: retrospective case series; RCT: randomised controlled trial; SR/MA:
systematic review and meta-analysis; RA: review article.

OR trabecular)]. After this, 2 reviewers (K.K. and P.R.) independently screened the retrieved records
to identify eligible studies with discrepancies resolved by discussion. The reference lists of the searched
studies were also analysed to identify any suitable papers that were not identified by the search. The initial
screening was performed based on title and abstract for relevance, with subsequent in-depth screenings
based on full-text analysis. The 2 reviewers (K.K and P.R) then selected the most significant articles for each
MIGS technique from the eligible studies for inclusion, based on a ranking criteria, prioritising studies on
the strength of their design, recency, and the size of the study.

RESULTS

Description of included trials

484 papers were identified from the literature search. The abstracts of these papers were screened by 2
authors. 8 papers were excluded as duplicates, and 313 were excluded for not meeting the inclusion criteria,
163 papers were selected as relevant based on the specified search criteria. Using these relevant articles, 2
authors independently prepared a list of the most significant publications for each MIGS technique based
on study size, recency and strength of the study design. After cross-referencing both lists, the 2 authors
reached a consensus as to the articles which would be included in the review, and this decision was
reviewed by senior authors. After resolving discrepancies in the lists, 25 studies were finally included in the
review (details listed comprehensively in Supplementary Table 1).

Key statistics on mechanism of action, effectiveness, and safety profile were extracted for each type of
MIGS (an overview of these findings summarised in Table 2). Analysed procedures were limited to
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Figure 1. First generation iStent trabecular microbypass stent (A). Second generation iStent inject trabecular microbypass stent (B). This
figure is quoted with permission from Hooshmand et al.”.

MIGS procedures that have a reasonable evidence base. MIGS approaches that were identified include:
iStent, iStent inject, Hydrus, Ab-interno Canaloplasty, Trabectome, CyPass, iStent Supra, Xen, Preserflo
microshunt, Endocyclophotocoagulation, SLT and the emerging MIGS including MINTject, Beacon
Aqueous Microshunt and the extended-release drug delivery systems.

THE DIFFERENT TYPES OF MIGS APPROACHES

Including mechanism of action, effectiveness, and safety profile.

MIGS aimed at improving outflow through Schlemm’s canal

iStent and iStent inject: Mechanism of action

The iStent and iStent inject (Glaukos Inc, Laguna Hills, CA, USA) are first and second generation
trabecular microbypass stents, aimed at improving outflow of aqueous humor through the trabecular
meshwork into Schlemm’s canal (both pictured in Figure 1)"". Both are made of heparin coated titanium,
and while the iStent is 1 mm x 0.3 mm in size, the iStent inject is significantly smaller at only 360 pm x
230 pm in size. Both are inserted using a disposable implantation device through a clear corneal incision
as a single procedure or in combination with cataract extraction, and in the case of iStent inject 2 devices
are loaded into the injector and can be placed at 30°-60" apart. Both devices are usually followed up with
a 4-week course of topical anti-inflammatory and anti-infective medication to reduce the risk of surgical
complications””. Generally, iStent or iStent inject is indicated in mild to moderate glaucoma with the aim
to reduce dependence on topical medications and/or to reduce IOP. These trabecular microbypass devices
have an advantage in that they are very small devices, and so are unlikely to cause endothelial damage in
patients with shallow anterior chambers.
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iStent and iStent inject: Effectiveness

Hooshmand et al.”’ found that iStent and iStent inject (both combined with phacoemulsification) had
comparable effectiveness in practice, with their study of 145 eyes with primary OAG showing 56.0% of
the iStent and 51.3% of the iStent inject eyes achieved an IOP value of < 18 mmHg and were medication
free at 12 months. In a randomised prospective trial conducted by Samuelson et al."”, iStent inject with
phacoemulsification was compared with phacoemulsification alone in terms of safety and efficacy. The
proportion of eyes that had achieved an IOP reduction of > 20% from baseline at 24-month follow-up was
75.8% in treatment eyes compared with 61.9% of eyes in the control group. 84% of treatment eyes compared

[10]

with 67% of control eyes were medication free at the 23-month follow-up .

It has also been demonstrated in an RCT by Katz et al” that increasing the number of iStent devices
implanted as a standalone procedure leads to an increased treatment effect. Whilst all patients in this trial
were taking between one to three topical medications pre-implantation, all were taken off post-operatively,
and in the 1-iStent group 18/38 participants required the addition of a topical medication by 42 months,
compared with 4/41 in the 2-iStent group and 3/40 in the 3-iStent group[gl.

iStent trabecular microbypass devices have also demonstrated efficacy in secondary OAG. In one 24-eye
study of iStent in combination with phacoemulsification in pigmentary glaucoma there was a reduction
in IOP from 19.50 + 6.7 mmHg at baseline to 14.68 + 3.0 mmHg (P < 0.01) at 36 months in addition to a
reduction in medications from 0.75 + 1.0 topical medications to 0.59 + 0.6 (P > 0.05)[6]. Pseudoexfoliation
glaucoma was also investigated by Ferguson et al.”’, with iStent implantation in combination with
phacoemulsification in 115 eyes leading to a statistically significant reduction in mean IOP and topical
medication usage at 2 years. No studies were identified that solely investigated iStent or iStent inject in
steroid induced glaucoma.

iStent and iStent inject: Safety profile

Samuelson et al."” reported the overall adverse events to be less frequent in the intervention group
who received iStent and phacoemulsification (54.1%) vs. the control group (who only received cataract
extraction) (62.2%), and the majority of these were minor complications, the most common being ocular
surface disease, stent obstruction, intraocular inflammation, secondary surgical inflammation and ocular
allergies. Of those who had stent obstruction (n = 24), 3 had a laser revision to clear the blockage and these
were all successful™”.

Hydrus: Mechanism of action and effectiveness

The Hydrus microstent (Ivantis inc, Irvine, CA, USA) is an 8-mm intracanalicular scaffold that dilates an
entire 90° quadrant of Schlemm’s canal to increase aqueous humor flow through the trabecular meshwork
(displayed in Figures 2 and 3). The Hydrus implant is introduced in a fashion similar to other trabecular
microbypass stents, through a clear corneal incision with phacoemulsification or as a single procedure, and
with the application of a topical corticosteroid and antibiotic solution during the post-operative period.
The indication for Hydrus is mild to moderate glaucoma with the aim of reducing dependence on topical

26]

medication and to control IOP within a suitable target”.

The efficacy of Hydrus in combination with phacoemulsification compared to phacoemulsification alone
was investigated in the recent HORIZON study by Samuelson et al. In this 369-eye study, an unmedicated
IOP reduction of > 20% was achieved in 77.3% of Hydrus eyes compared with 57.8% of control eyes at 24
months. There was a mean reduction of 7.6 + 4.1 mmHg in the Hydrus group and 5.3 + 3.9 mmHg in the
phacoemulsification alone group. Mean medication burden was reduced from 1.7 + 0.9 pre-operatively
(baseline value in both intervention and control was equivalent) to 0.3 + 0.8 in the Hydrus group and to 0.7
+ 0.9 in the phacoemulsification alone group'.



Komzak et al. Mini-invasive Surg 2021;5:13 | http://dx.doi.org/10.20517/2574-1225.2020.103 Page 7 of 14

A: ANTERIOR CHAMBER FACING

Scaffold

B: CANAL FACING

Figure 2. Hydrus microstent (lvantis inc, Irvine, CA, USA). (A) diagram of the Hydrus microbypass stent with the anterior chamber
forward. (B) is an image of the posterior chamber. Image copyright of Ivantis, Inc.

Hydrus was also investigated as a head-to-head comparison with 2 first-generation iStent (both performed
following uncomplicated cataract surgery) in the COMPARE trial, a 152-patient randomised clinical trial
by Ahmed et al." It was concluded in this study that Hydrus reduced IOP at 12 months by 1.7 + 4.0 mmHg
compared with a reduction of 1.0 + 4.0 mmHg in the 2-iStent group, a difference of 0.7 mmHg (95%CI:
-2.0-0.7). Medication reduction was also greater as Hydrus achieved a reduction of 1.6 + 1.2 medications vs.
1.0 + 1.2 in the 2-iStent group, a difference in 0.6 medications (95%CI: 0.9-0.2). Interestingly, Hydrus was
able to achieve a > 20% IOP improvement in 39.7% of patients compared with only 13.3% in the 2-iStent
group[a]lnd was able to achieve 30.1% in the < 18 mmHg category compared with only 9.3% in the 2-iStent
8
group .

Hydrus: Safety profile

Adverse events were roughly comparable between both of the groups in the COMPARE trial in terms of
BCVA loss, IOP spikes, new cataracts and device obstruction. 2 patients in the Hydrus (# = 74) and 1 in the
2-iStent (n = 76) experienced a BCVA loss of > 2 lines at 12 months, and IOP spikes of > 10 mmHg were
seen in 3 patients in the Hydrus group and 4 patients in the 2-iStent group. New cataracts were seen in 2
patients in the Hydrus group and in 1 patient in the 2-iStent group and device obstruction due to any cause
was seen in 9 of the Hydrus and 10 of the 2-iStent patients.

Safety of the Hydrus microstent was generally reflective of the safety of other trabecular microbypass
devices. There was also no need for any incisional glaucoma surgery in the Hydrus group compared with
in the 2-iStent group, where 2 patients (of 76 in that group) required a secondary trabeculectomy and 1
patient required a cataract surgerym.

Ab-interno canaloplasty: Mechanism of action and efficacy
Ab-interno canaloplasty (ABiC) is a procedure where a microcatheter such as the iTrack device (Ellex
Medical Lasers Pty Ltd, Adelaide, Australia) is used to perform 360° viscodilation of Schlemm’s canal,
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Figure 3. Hydrus microstent (lvantis inc, Irvine, CA, USA) viewed gonioscopically in position in the canal of Schlemm. The device is
partially obscured by the overlying trabecular meshwork. Image copyright of Ivantis, Inc.

without the requirement for suturing. This acts to reduce IOP by dilating the canal of Schlemm and
downstream collector channels to improve aqueous outflow. The indication for ABiC in mild to moderate
glaucoma is either as a solo procedure or in combination with other forms of trabecular microbypass
devices to facilitate further dilation of the collecting channels, and greater outflow than would be achieved
with these devices alone, a similar principle to other non-implantation techniques specifically targeting
improved outflow through Schlemm’s canal.

ABiC has been evaluated as both a sole procedure in phakic eyes and in combination with cataract surgery
by Davids et al.""’ In one study of 36 eyes (20 pseudophakic and 16 phakic) a reduction in mean IOP was
seen from 19.8 + 4.1 mmHg pre-operatively to 13.8 + 3 mmHg 12 months post-operatively across the 2
groups'""’. There was, however, no statistically significant reduction in the number of medications during
this period, which stabilised at 2.1 + 1.6 (P = 1.0). This would be an important point to include when

counselling patients about ABiC as a sole procedure".

ABIC also has the potential to be used as a combination therapy with other forms of MIGS. Heersink et al."”
explored this concept in their 186-eye retrospective study comparing iStent and cataract surgery with
iStent, ABiC and cataract surgery. The results showed a clear favourability for the IOP lowering effects
of iStent with AbiC and phacoemulsification, as this group achieved a mean IOP reduction of 2.9 +
3.6 mmHg compared with 1.7 + 3.1 mmHg in the iStent and phacoemulsification groups alone. The
percentage of patients achieving treatment success (a final IOP of < 18 mmHg and a mean reduction in
IOP of > 20%) was 46% in the combined group compared with 35% in the trabecular microbypass and
cataract surgery alone group. In terms of medication, 56% of patients in the combined group were off all
medications compared with 48% in the control group, a mean reduction of 0.9 and 0.7, respectively"”.

It is likely that ABiC would be an effective procedure to combine with existing trabecular microbypass
methods. As a sole procedure it is also effective at lowering IOP; however, it has showed limited efficacy in
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medication reduction so far and this will need to be taken into account when considering its use in patients
with a high medication burden.

Ab-interno canaloplasty: Safety profile

Safety appears to be favourable, and according to Heersink ef al.""”, inflammation was the most common
adverse event in the combined group and occurred in 6% of participants, while loss of visual acuity was the
most common adverse event in the control group, occurring in 8% of participants.

Trabectome: Mechanism of action and efficacy

Trabectome or ab-interno trabeculectomy achieves an increase in aqueous humor outflow through the
trabecular meshwork by applying a 0.8 W electrical current in order to ablate the trabecular meshwork.
Access to the anterior chamber is achieved through a clear corneal incision and gonioscopy is used
intraoperatively to visualise the trabecular meshwork. Trabectome and ABiC are significantly differentiated
from the other trabecular microbypass techniques, as no indwelling devices are left in the eye after the
operation. Esfandiari et al."”’ demonstrated the efficacy of Trabectome when compared against iStent
implantation (both with phacoemulsification), and after 24 months a mean IOP of 13.9 + 3.3 mmHg
was achieved in Trabectome patients (n = 154) compared with 16.8 + 2.8 mmHg in iStent (n = 110)
from a baseline of 15.3 + 3.1 mmHg in both groups. Medication burden was 0.7 + 1.0 and 1.7 + 1.2 in
the trabectome and iStent groups, respectively, at 24 months. In addition, the proportion of eyes with an
unmedicated IOP of < 21 mmHg was 53% and 16.6% in the trabectome and iStent eyes, respectively".

Trabectome has also demonstrated efficacy in pseudoexfoliative glaucoma. Avar et al."* investigated
Trabectome performed on patients either as a solo procedure or with concomitant cataract extraction (in
combined data) described a significant IOP lowering effect in 28% of patients with POAG and 26% with
pseudoexfoliative glaucoma, as well as a significant medication reduction in 32% and 29%, respectively. The
median follow-up period in this study was 3.5 years'”

Gonioscopy assisted transluminal trabeculotomy

Gonioscopy assisted transluminal trabeculotomy (GATT) is a procedure where a circumferential
trabeculotomy is performed of the trabecular meshwork, by running a suture the entire length of Schlemm’s
canal, retrieving and pulling the distal tip while applying traction to the proximal end of the suture. A
study of XEN compared with GATT (both with or without cataract extraction, in combined data) showed
that IOP was reduced from 24.9 + 5.8 mmHg to 15.3 + 3.8 mmHg at 24 months post-operatively, and
medications were reduced from 3.3 + 0.6 to 1.2 + 0.4. This is compared to a reduction in IOP from 24.4 +
4.3 mmHg to 14.2 + 2.2 mmHg at 24 months and medication reduction from 3.4 + 0.5 to 2.0 + 2.2 over the
same period for the XEN gel stent. Transient hyphaema was the most common post-operative complication
following GATT, occurring in 28% of patients'.

Excisional goniotomy

Excisional goniotomy or trabeculotomy facilitates increased aqueous outflow by utilising a device such
as the Kahook Dual Blade (KDB, New World Medical, Rancho Cucamonga, CA) to incise the trabecular
meshwork and in theory avoid the thermal damage associated with Trabectome or leaving remnant
trabecular meshwork leaflets in-situ such as with GATT. In a 315-eye study comparing both iStent and
Kahook Dual Blade in combination with phacoemulsification found that the mean IOP reduction at 12
months was 5.0 mmHg compared with 2.3 mmHg in the iStent group (P < 0.001) and mean medication
reductions were similar in both groups with 1.03 and 0.97 in the Kahook Dual Blade group and the iStent
group, respectively. Transient IOP elevation and transient anterior chamber inflammation were the most
complications following KDB, both occurring in 1% of patients".
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MIGS aimed at creating an outflow channel to the supraciliary space

Mechanism of action, effectiveness, and safety profile.

CyPass: Mechanism of action and efficacy

CyPass (Transcend Medical Inc, Menlo Park, CA, USA) was a tubular stent which aimed to reduce IOP
by shunting fluid through a passage into the supraciliary space. It was performed through a clear corneal
incision, and the stent is placed inferior to the trabecular meshwork and advanced into the suprachoroidal
space. CyPass had proven efficacy in the COMPASS trial which compared CyPass combined with
phacoemulsification to phacoemulsification alone. It was shown that at 2 years, patients who had received
the CyPass microstent had a mean reduction in IOP of 7.4 + 4.4 mmHg (30%) compared to 5.4 + 3.9 mmHg
(21%) in the control group (P < 0.001 for CyPass microstent vs. control). A reduction from baseline values
of 17.0 + 3.4 mmHg and 19.3 + 3.3 mmHg, respectively. This efficacy was also shown in the reduction in
medications, as medications at 2 years had dropped from 1.4 + 0.9 to 0.2 + 0.6 in the CyPass group and
from 1.3 + 1.0 to 0.6 * 0.8 in the control group. At 2 years 85% of CyPass recipients had maintained their
IOP with no medications, compared to 59% in the phacoemulsification alone cohort"”.

CyPass has also been compared with iStent in a head-to-head meta-analysis by Fard et al."”, and in that
study, they showed that CyPass alone (without phacoemulsification) was a more effective intervention for
reducing IOP than either 1 or = 2 iStents with or without phacoemulsification, but both techniques were
comparable in terms of medication reduction.

CyPass: Safety concerns

The COMPASS XT study was an extension of the original 24-month study for an additional 36 months to
assess the safety of the stent. This study showed comparable safety between the study and control groups,
and while there were 2 sight threatening complications in the CyPass group compared with only one in
the control group, these were deemed to be unrelated to the stent. Despite this, evidence was found for
increased corneal endothelial cell loss compared with the group that underwent phacoemulsification alone,
and due to this it was announced in August 2018 that it would be voluntarily removed from the market by
Alcon due to the potential risks, with the potential for reintroduction in the future™

iStent Supra: Mechanism of action, effectiveness, and safety profile

iStent Supra (Glaukos Inc, Laguna Hills, CA, USA) is currently an experimental microbypass stent
which also harnesses the uveoscleral pathway similarly to CyPass. Myers et al.*” evaluated iStent Supra
in combination with 2 iStents and post-operative Travoprost for the treatment of refractory open angle
glaucoma following trabeculectomy and maximal medical therapy. The pre-operative mean medicated IOP
was 22.0 + 3.1 mmHg, with 1.2 + 0.4 medications on average. The post-operative mean medicated IOP
at 48 months was < 13.7 mmHg (12.9 + 0.9 mmHg at month 48) and unmedicated mean IOP was 18.4 +
1.4 mmHg at month 49 (post-washout). The safety profile of the suprachoroidal stent was favourable, and
throughout the 48-month follow-up no patients required additional glaucoma surgery[m].

Assessing the efficacy of iStent supra in this form of study alone is challenging, as there are confounding
variables in the form of the 2 iStent devices, and the effects of the topical Travoprost. Further studies to
determine the efficacy of iStent supra would be beneficial, preferably in the form of randomised controlled
studies, and in comparison, with other methods or in combination with phacoemulsification.

MIGS targeted at the subconjunctival space

Mechanism of action, effectiveness, and safety profile.
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Xen: Mechanism of action and effectiveness

The XEN gel implant (Allergan inc, Irvine, CA, USA) was a form of MIGS targeting aqueous outflow to
the subconjunctival space; however, in November 2019, Allergan Australia Pty Ltd. announced that there
would be a voluntary global recall of all un-implanted XEN units due to a portion of them failing quality
control. They did not recommend the explantation of implants that had already been placed””.

The XEN gel stent was implanted into the trabecular meshwork with a needle through an ab-interno
approach, which was then advanced to puncture the sclera entirely and pass the flexible stent into the sub-
conjunctival space. This then creates a channel for aqueous humour outflow and creates an internal bleb
to reduce IOP. XEN was indicated for moderate to advanced glaucoma, as it was a bleb-based procedure
with the associated risks/complications associated with this. Karimi et al.”” investigated the efficacy of
XEN alone or in combination with phacoemulsification with a 259 eye consecutive case series. The results
showed that mean IOP (of both groups combined) was reduced from 19.3 + 6.0 mmHg at baseline to 13.5 +
3.3 mmHg at 18-month follow-up, and medications were reduced from 2.6 + 1.1 to 1.1 + 1.3 at 18 months.
It was also interesting to note that simultaneous cataract extraction or solo stent implantation did not
significantly impact outcomes, as these groups had an IOL of 13.8 + 2.6 mmHg and 14.3 + 4.7 mmHg at
12-month follow-up, respectively (P = 0.5367)"".

As a form of bleb forming procedure, it is also important to compare the XEN gel stent with trabeculectomy,
which is still the predominant incisional procedure for glaucoma. Wagner et al”™ compared the 2 as standalone
procedures performed in a 171-eye study, which demonstrated that complete surgical success at 12 months
post-operative follow-up was higher in the trabeculectomy group at 65.5% (95%CI: 55.6%-75.9%) compared
with the XEN gel stent group at 58.5% (95%CI: 47.6%-69.4%). There was however no significant difference
between both groups’ surgical outcomes (P = 0.16). In addition, an IOP reduction at 12-month follow-up
of 7.2 + 8.2 mmHg in the XEN group and 10.5 + 9.2 mmHg in the trabeculectomy group were observed
from baseline values of 19.0 mmHg (95%CI: 16.8-25.0 mmHg) and 21.0 mmHg (95%CI: 17.0-27.0 mmHg),
respectively (P = 0.003). Medication reduction was also reduced to 0.3 + 0.5 and 0.2 + 0.4 in the XEN and
trabeculectomy cohorts, respectively from baseline values of 2.0 (95%CI: 1.0-3.0) and 3.0 (95 CI: 2.0-4.0),
respectively™”.

The XEN gel stent was also shown to have comparable efficacy in other secondary forms of open angle
glaucoma, including pseudo exfoliation glaucoma as demonstrated by Gillmann et al.””, where 110 eyes
with either pseudoexfoliative OAG or POAG underwent either XEN as a standalone or with cataract surgery
(with data combined). In this study the mean medicated IOP was 14.2 + 3.8 mmHg (a 28.3% reduction) in
the pseudoexfoliative group compared with 14.5 + 3.6 mmHg (a 26.8% reduction) in the POAG group after
2 years, a reduction from 19.8 + 8.2 mmHg and 19.8 + 5.8 mmHg respectively. Medication reduction was also
comparable, with a drop from 2.0 + 1.3 to 0.4 + 0.7 in pseudoexfoliation glaucoma and from 1.9 + 1.6 to 0.6 *
0.9 in POAG. Success rates were not different to a statistically significant degree, and the rate of adverse effects
and rates of needling were similar in both groups (42.8% POAG vs. 43.2% pseudoexfoliative) ™. There were no
studies showing evidence of the efficacy of the XEN implant in pigmentary or steroid induced glaucoma.

Xen: Safety profile

Important to note is that 40.9% of cases required post-operative management including bleb needling
or the administration of an antimetabolite injection, and adverse events included IOP spikes of > 30
mmHg (12.7%), follow-up glaucoma filtration surgery (9.3%), exposure of the implant (2.3%) aswell as
some cases of persistent hypotonous maculopathy, persistent choroidal effusions, a cyclodialysis cleft and
endophalmitis following bleb resuturing[m. This is partially to be expected with a bleb forming operation
and reflects the safety profile of this class of procedure.

Preserflo microshunt: Mechanism of action, effectiveness, and safety profile
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The Preserflo microshunt (Santen Inc, Emeryville, CA, USA) previously known as the InnFocus microshunt
aims to address the need for a form of MIGS that can be effectively applied to moderate to severe
glaucoma. The Preserflo device is implanted into the subconjunctival space below Tenon’s capsule via an
ab-externo approach and threaded through a needle tunnel into the anterior chamber. The biocompatible
material of the Preserflo tube (SIBS) in combination with intraoperative Mitomycin C is used to reduce
the risk of scarring and fibrosis. Sadruddin et al.” showed in a 23 patient post-market study of Preserflo
with and without phacoemulsification, a reduction from the mean baseline IOP in both groups of 23.8 +
5.3 mmHg (26.4 mmHg in phacoemulsification combination group vs. 22.1 mmHg for Preserflo alone) to
10.7 + 3.5 mmHg at 3-years follow-up (10.2 mmHg with phacoemulsification vs. 11.1 mmHg for Preserflo
alone). Medication reduction was 71% overall at 3 years, and 64% of participants no longer required topical
glaucoma medications™

Transient hypotony, shallow anterior chambers and the device touching the iris occurred in 13% of patients
individually, while transient choroidal detachment, hyphema and exposed Tenon’s capsule were also
common adverse events occurring in 9% of patients respectively. All of these issues resolved spontaneously
within 3 months of surgery being performed””.

There is currently a lack of randomised control trials on the efficacy of Preserflo, however one RCT is
in progress and with more high-level evidence the safety and efficacy of this novel method will be made
increasingly clear in order to establish it as a viable option in OAG management.

MIGS targeting the ciliary process

Endocyclophotocoagulation: Mechanism of action, effectiveness and safety profile
Endocyclophotocoagulation (ECP) is a procedure that can be performed in conjunction with
phacoemulsification for refractory glaucoma and aims to reduce the production of aqueous humor by
the ciliary processes by shrinking these using a directed laser. ECP is generally indicated in end-stage
glaucoma. Pantalon et al.*"! have demonstrated the efficacy of ECP through conducting a 12-month
retrospective study with patients receiving either 2 iStents, with concurrent ECP and cataract extraction,
or phacoemulsification and 2 iStents alone. The ECP procedure proved efficacious in reducing IOP from
a baseline value of 19.97 + 4.31 mmHg to 13.05 + 2.18 mmHg (a 35% reduction) compared with 17.63 +
3.86 mmHg to 14.09 + 1.86 mmHg (a 21% reduction) in the phacoemulsification and 2 iStent alone group.
Medications were also reduced from 2.22 + 1.6 to 1.24 + 1.05 in the ECP group and from 2.07 + 1.02 to
1.39 + 1.03 in the phaco-iStent alone group, a comparable reduction in both, and safety results were also
comparable. These results appear promising for the utilisation of ECP as a combined procedure with other
MIGS and cataract surgery[“].

There is, however, limited knowledge of the safety profile of ECP due to the lack of high-level evidence in
the form of randomised controlled trials. One study, currently in the data collection phase, is investigating
patients with POAG receiving either ECP with phacoemulsification or phacoemulsification as a standalone

procedure””.

Emerging MIGS procedures

MINTject

The MINTject device (iStar Medical, Wavre, Belgium) is a 4 mm stent designed to follow the curvature of
the sclera and utilises porous silicone to allow aqueous outflow via the uveoscleral pathway. No studies

were identified investigating the MINTject device, and this is an area where more evidence is required
before a clear comment can be made about this form of MIGS™".

Beacon aqueous microshunt
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This device is designed to reduce IOP by shunting aqueous fluid onto the ocular surface via a clear corneal

. .. .. . . . [29]
incision. There are currently no clinical trials on this device

CONCLUSION

Minimally invasive glaucoma surgery has, for several years, been a disrupting force in the area of glaucoma
management and is a therapy that has effectively established itself between medical management and more
invasive glaucoma surgery. MIGS offer significant advantages in terms of safety and efficacy for the patient
with mild to moderate glaucoma and a significant medication burden. As this area of glaucoma surgery
continues to grow, so too will the evidence in support of MIGS as a legitimate intermediate step in the
glaucoma management pathway.
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Abstract

The addition of robotic-assistance is the latest evolution of minimally invasive esophageal resection and
reconstruction. Despite the improved visualization, the addition of wristed instrumentation, and improved
ergonomics, there remains a significant learning curve for complex procedures like esophagectomy. In experienced,
high-volume centers, robotic-assisted minimally invasive esophagectomy (RAMIE) has demonstrated outcomes
equivalent to traditional laparoscopic and thoracoscopic minimally invasive esophagectomy. Herein, the RAMIE
procedure is described in detail in key steps. This approach has been established as safe and effective for
esophagectomy.

Keywords: Robotic esophagectomy, esophagectomy, esophageal cancer, Ivor Lewis, robotic-assisted minimally
invasive esophagectomy

INTRODUCTION

Worldwide, esophageal cancer is the seventh most commonly occurring cancer in men and the 13th most
commonly occurring cancer in women"l. Overall, there are 572,000 new cases per year and esophageal
cancer carries the sixth-highest overall mortality, being responsible for an estimated 1 in every 20 cancer
deaths in 2018".. Although also performed for benign diseases, esophageal cancer represents the most
common indication for esophagectomy'’. In this work, we outline the general principles of the preoperative
evaluation, technical details of intraoperative steps, and the outcomes of robotic-assisted minimally invasive
esophagectomy (RAMIE).

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0
By International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, sharing,
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BACKGROUND

As a complex, multi-cavity procedure, Ivor Lewis esophagectomy requires a thorough understanding of
surgical anatomy, technical skill, and perioperative care to achieve acceptable outcomes. The first successful
transthoracic esophagectomy was performed in 1913 by Dr. Torek", which marked the beginning of the
open surgical era that was plagued by high morbidity. Even in this modern era, outcomes can vary widely,
with mortality ranging from 8%-23%, largely dependent upon hospital volume'*. However, in experienced
centers, an acceptable 30-day (and even 90-day) hospital and/or overall mortality below 5% is often achieved
and becoming the standard®’. The initial descriptions of a minimally invasive esophagectomy (MIE) in the
early 1990s by Drs. Cuschieri et al.'”, Dallemagne et al.”, and DePaula et al.”” ushered in a new era of
esophageal surgery. The safety, feasibility, oncologic soundness, and reproducibility of MIE were validated
in Eastern Cooperative Oncology Group (ECOG) 2202, a large, multicenter, prospective, randomized trial
published in 2015". As the MIE was gaining popularity, the first report of a RAMIE was published by Dr.
Horgan et al." in 2003. Since its introduction, RAMIE has been validated against the standard open and
minimally invasive approaches". When compared to open esophagectomy, RAMIE has demonstrated
intraoperative benefits including less blood loss and more complete lymphadenectomy, despite its longer
operative time. RAMIE showed faster convalescence with a shorter length of stay (LOS), decreased pain,
decreased intensive care unit (ICU) admissions, and fewer infectious and cardiopulmonary complications.
There were no consistent differences in overall major complications, anastomotic leak rate, and 90-day
mortality"""*). When directly compared to MIE, RAMIE resulted in longer operative time, but no significant
difference in blood loss, overall complication rate, length of stay, or the number of total dissected lymph
nodes"".

PREOPERATIVE PREPARATION

Risk stratification

In efforts to define and reduce significant morbidity and mortality, multiple attempts have been made to
define the risk factors associated with the adverse outcomes of esophagectomy. A large, prospective analysis
of the Department of Veterans Affairs (VA) National Surgical Quality Improvement Program (NSQIP)
database identified both preoperative and intraoperative risk factors for morbidity and mortality.
Preoperative predictors impacting mortality included neoadjuvant therapy, decreased functional status,
increasing age, insulin-dependent diabetes mellitus, and signs of hepatic dysfunction (elevated blood urea
nitrogen, elevated alkaline phosphatase, alcohol abuse, and ascites), while the addition of dyspnea with mild
exertion, chronic obstructive pulmonary disease, decreased serum albumin concentration, and an increased
complexity score increased overall morbidity"”. Intraoperative risk factors for morbidity included the need
for blood transfusion and prolonged operative time, while only transfusion requirement impacted
mortality"”. A review of the Society of Thoracic Surgeons General Thoracic Surgery Database revealed age >
65, BMI 2 35, preoperative congestive heart failure, Zubrod score > 1, McKeown Esophagectomy, current or
former smoking status, and squamous cell histology to be significant predictors of combined major

morbidity or mortality".

A preoperative esophagectomy risk score, developed as a composite of the revised cardiac risk index, the
model for end-stage liver disease score, and the pulmonary function test, was found to be an independent
predictor of tumor recurrence and overall survival’”. At our institution, we routinely calculate the Risk
Analysis Index (RAI), which is a practical, prospective frailty assessment tool requiring only a median of 33
s to complete and demonstrates a dose-dependent relationship with mortality, overall LOS, ICU LOS, and
readmission. When comparing patients using an RAI cutoff of 2 37 with those < 37, there was a 60% higher
30-day and 90-day readmission rate, twice the rate of an extended LOS > 14 days, and almost twice the rates
of prolonged ICU stay. When comparing for 180-day mortality, an RAI of < 37 carried an NPV of 98.6%
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while an RAI of = 37 had a PPV of 10.7%.

Disease specific
In addition to the aforementioned assessments, additional testing is performed selectively based on the
patient’s underlying ailment.

Malignancy

Once malignancy is confirmed by endoscopic biopsy, staging is completed with endoscopic ultrasound
(EUS), computed tomography (CT) with fluorodeoxyglucose-18 positron emission tomography (PET),
and/or staging laparoscopy with gastric extension”. Upfront surgery is offered for selected patients with
node-negative clinical T1a or T1b tumors, and patients with T2 No disease. For patients with potentially
resectable disease that are clinically node-positive or at high-risk for node positivity (¢T3-4), neoadjuvant
chemotherapy with or without radiation is performed before restaging and consideration for surgery.
Patients with local-regional disease unfit for surgery are treated with definitive chemoradiotherapy. This
approach echoes with that outlined by the American Society of Clinical Oncology in their recent
guideline™.

Benign

Less commonly performed for benign indications than for malignant, esophagectomy remains a definitive
treatment for several conditions. End-stage achalasia, previously failed (often multiple) operations for
gastroesophageal reflux disease (GERD) and/or hiatal hernia, and trauma account for 84% of
esophagectomies for benign indications”. Other less common indications in selected patients include
motility orders (diffuse esophageal spasm, scleroderma), strictures, benign tumors, spontaneous or
iatrogenic perforations, congenital anomalies, and caustic ingestion.

The preoperative workup is tailored to the exact benign indication. At a minimum, esophagoscopy and
fluoroscopic esophagram are required. Frequent additions include but are not limited to CT scans,
esophageal manometry, esophageal pH monitoring, endoscopic ultrasound, endobronchial ultrasound,
gastric emptying studies, and bronchoscopy.

OPERATIVE TECHNIQUE

Despite many technological advances, the principles and techniques of minimally invasive esophagectomy
at the University of Pittsburgh remain largely unchanged from Dr. Luketich’s early description in the
1990s*>?*, Especially for those with prior minimally invasive esophageal surgery experience, the robotic
techniques described are largely an evolution of the traditional minimally invasive concepts rather than a
unique procedure, albeit with far more sophisticated instrumentation””. Here, we describe in detail the Ivor
Lewis esophagectomy for malignant diseases and also discuss minor differences in procedures for benign
indications.

Pre-incision

Although often overlooked, the period prior to an incision should be used as an opportunity to maximize
the chances of a successful surgery. The team should review the case specifics ahead of time and outline a
clear plan for the conduct of the operation. Attention should be paid to emergency contingencies and plans
for such events should be verbalized.
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Anesthesia

The patient should be anesthetized under general anesthesia with a double-lumen endotracheal tube,
adequate IV access, and invasive hemodynamic monitoring. If a central venous catheter is inserted, we
prefer to avoid the left neck and chest in the event a cervical esophagostomy is required. The position of the
double lumen endotracheal tube is confirmed with fiberoptic bronchoscopy. Alternatively, newer double
lumen endobronchial blockers may be utilized through a single lumen endotracheal tube (Rusch EZ-
Blocker, Teleflex). All patients receive venous thromboembolism prophylaxis with sequential compression
devices and subcutaneous heparin. Perioperative antibiosis should comply with Surgical Care Improvement
Project measures, with cefazolin being the first-line of choice”. Communication between the surgeon and
anesthesia provider is crucial to the conduct of the operation. The surgeon should be made aware of the
patient’s hemodynamic changes at all times. Once the gastric vasculature is divided, hypotension should
generally be treated with volume expansion as opposed to vasopressors to minimize conduit ischemia.

Endoscopy

Flexible fiberoptic esophagogastroscopy is routinely performed at our institution. This allows for a final
assessment of the esophageal pathology for which the esophagectomy is indicated. The stomach and
esophagus should be decompressed on withdrawal of the scope to allow for safe laparoscopic port
placement and subsequent visualization.

Laparoscopy

Ivor Lewis esophagectomy begins in the abdomen and progresses through an assessment for metastatic
disease, esophagogastric mobilization with lymphadenectomy, conduit creation, pyloroplasty, and feeding
jejunostomy insertion.

Positioning

The patient is placed in a supine position on the operating table with a footboard to allow for safe steep
reverse-Trendelenburg positioning. The left arm is tucked and the right arm is extended to approximately
45 degrees. For non-robotic procedures, the surgeon stands on the patient’s right side with the assistant
standing on the left. A liver retractor (Lapro-Flex® Triangular Retractor, Mediflex, Islandia, NY) is attached
to the right side of the bed between the knee and hip.

Port placement

Abdominal port placement is shown in Figure 1. Although we find these locations to be the most useful,
port placement may vary based on surgeon preference or patient factors. The peritoneal cavity is accessed
per surgeon comfort, although we prefer starting with an optical separator 5 mm robotic port in the left
midclavicular line approximately 3 cm inferior to the costal margin. This port will be replaced with an 8 mm
robotic port and used for the robotic right arm (arm 3). In a potentially hostile abdomen, the location and
method of entry should be tailored to the scenario with a focus on safety. The abdomen is insufflated, and a
30-degree camera is introduced into the abdomen. Adhesiolysis is performed as necessary to facilitate
placement of subsequent ports under direct laparoscopic visualization. Three additional robotic working
ports, a port for the liver retractor, and two bedside assistant ports are placed. The additional robotic ports
include a 12 mm robotic port with an 8 mm reducing sheath in the right midclavicular line approximately
one-third from the umbilicus to xiphoid for the robotic left arm and stapler (arm 1), an 8 mm robotic port
just to the left of midline approximately one-third from the umbilicus to xiphoid for the camera (arm 2),
and an 8 mm robotic port in the left anterior axillary line 2-3 cm inferior to the costal margin for the robotic
assist (arm 4). The laparoscopic liver retractor port is placed inferior to the costal margin in the right
midaxillary line just anterior to the peritoneal reflection of the hepatic flexure of the colon. The bedside
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Figure 1. Port location for abdominal portion. The yellow line denotes the costal margin. This figure is quoted with permission from
Ekeke et al.””,

assistant ports are placed in the right lower paraumbilical region and include an 11 mm laparoscopic port
just medial to the midclavicular line and a 5 mm laparoscopic port approximately a hands breadth lateral to
the 11 mm port. The patient is placed in a steep reverse-Trendelenburg position to displace the viscera from
the diaphragm. The liver retractor is inserted, and the left lobe of the liver is elevated.

Docking

The da Vinci Xi robotic side cart (Intuitive Surgical, Sunnyvale, CA) is brought in from the patient’s right at
the level of the torso and the camera port is docked to arm 2. The hiatus is targeted, the remaining arms are
docked, the instruments are inserted, and patient clearance is optimized. A da Vinci Force Bipolar grasper
(Intuitive Surgical, Sunnyvale, CA) is initially inserted into arm 1 (robotic left hand), an ultrasonic shear is
inserted into arm 3 (robotic right hand), and a da Vinci small grasping retractor (Intuitive Surgical,
Sunnyvale, CA) is inserted into arm 4 (robotic assist). The bedside assistant utilizes a suction and a
laparoscopic grasper.

Crural assessment

Dissection begins by excising the gastrohepatic ligament to expose the caudate lobe of the liver and the right
diaphragmatic crus. The dissection should stay close to the liver from the porta hepatis to the right crus to
reflect any lymphoid tissue with the specimen. A replaced or accessory left hepatic artery is occasionally
encountered in the gastrohepatic ligament. Preservation of this artery makes the remaining operation more
difficult but should be considered if the vessel appears to represent a significant contribution to hepatic
circulation, such as a replaced left hepatic artery. If there is doubt, the vessel can be temporarily occluded,
and the liver can be observed for signs of ischemia before division. The phrenoesophageal ligament is
incised circumferentially and the esophagus is mobilized from the crura. If there is diaphragmatic invasion
by the tumor, the muscle may be resected en bloc with the specimen. The mobilization continues anteriorly
along the pericardium and posteriorly along the aorta to assess for tumor invasion that may render the
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tumor unresectable [Figure 2].

Retrogastric dissection

To expose the left gastric vascular pedicle, the stomach is retracted anteriorly by passing the robotic assist
arm posterior to the stomach, medial to the left gastric pedicle, and into the lesser sac with the bedside
assistant elevating the gastroesophageal junction [Figure 3]. The origin of the left gastric artery and vein are
identified, and the lymphatic tissue is reflected with the specimen [Figure 4]. The lymphadenectomy
continues along the splenic and common hepatic vascular pedicles to complete the celiac dissection. The left
gastric artery and vein are divided with a robotic vascular staple load [Figure 5]. Initial short gastric
dissection is initiated from a retrogastric approach and continues along the gastrosplenic hilum [Figure 6].

Greater curvature dissection

The robotic assist arm and bedside assist arm are advanced posterior to the stomach towards the left upper
quadrant to expose the short gastric vessels in the retrogastric plane. Greater curve dissection, along with
completion of the gastrosplenic ligament dissection initiated from the retrogastric approach, is continued
along the fundus from proximal to distal while individually ligating the short gastric vessels with ultrasonic
shears. Especially in patients with preoperative radiotherapy, a pedicled omental flap can be created along
two sequential omental branches off the gastroepiploic arcade during this portion of the mobilization (not
shown). The retrogastric attachments to the retroperitoneum are divided. The dissection continues along
the greater curve of the stomach to approximately the pylorus. The lesser curve of the stomach is then
gently grasped with arm 4 in an area that will be included with the specimen and is retracted towards the
hiatus/liver. Taking care to avoid injuring the gastroepiploic vascular arcade, the dissection continues along
the greater curve of the stomach and omentum, completely freeing the attachments that restrict
mobilization of the stomach. A partial or complete Kocher maneuver may be completed if desired by the
surgeon. The remaining retroantral attachments are divided. Adequate tension-free mobilization is
confirmed by ensuring that the pylorus reaches the right crus of the diaphragm.

Conduit creation

The pylorus is identified and a site on the stomach approximately 5-6 cm proximal to the pylorus is
identified as the distal aspect of the gastric tube. The stomach is oriented for conduit creation with the arm 4
robot assist retracting the fundus towards the apex of the left hemidiaphragm, thus clearly delineating the
orientation and lay of the future conduit [Figure 7]. Once the conduit is initiated, the robotic right-hand
arm 3 “hooks” and retract the neo-lesser curve inferiorly to provide traction and better reveal the
anticipated staple path to create a linear conduit. The first robotic stapler firing is a vascular load and
traverses and ligates the lesser curve vasculature [Figure 8]. A 3 cm gastric conduit is then created with
multiple fires of the robotic stapler parallel to the greater curve of the stomach [Figure 9]. Care should be
taken to keep the staple line parallel to the short gastric line for proper orientation. The proximal tip of the
conduit should be divided at a point that allows for adequate conduit length but maintains an appropriate
oncologic margin. The tip of the conduit is tacked to the specimen in anatomic orientation with a
horizontal mattress suture and the omental flap (if created) is tacked to the tip of the conduit. A marking
stitch is placed on the conduit staple line at the junction between the future subdiaphragmatic antral
reservoir and the supradiaphragmatic neo-esophagus. The specimen and proximal conduit may be tucked
into the mediastinum. A cruroplasty is not routinely performed unless the hiatus is exceptionally enlarged.

Pyloroplasty
The role of pyloroplasty is debated but is frequently performed. When performed, a Heineke-Mikulicz
pyloroplasty is utilized. The pylorus is identified, using endoscopy if necessary. Stay sutures are placed at the
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Figure 2. Early circumferential hiatal mobilization is performed to assess the extent of local disease and ensure resectability. E:
Esophagus; RC: right crural pillar; LC: left crural pillar; Ao: aorta.

Figure 3. Retrogastric exposure is obtained by retracting the stomach anteriorly by passing the robotic assist arm into the lesser sac and
elevating the gastroesophageal junction anteriorly. The bedside assist arm provides further retraction of the stomach and lesser
omentum, as shown, to clearly expose the vascular pedicle and retrogastric space. LGAV: Left gastric artery and vein.

lateral aspects of the pylorus including the vein of Mayo. The robotic left arm grasps the “superior” stay
suture (screen orientation) and the bedside assistant grasps the “inferior” stay suture to apply traction on
the pylorus. The pylorus is divided along its full width with a longitudinal full-thickness antro-duodenal
incision [Figure 10]. The lumen should be inspected to ensure no injury to the back wall and complete
division of the muscle. The defect is closed transversely with 2-0 non-absorbable braided sutures
[Figure 11]. The sutures must be of full-thickness to include the mucosa, but avoid catching the back wall. A
portion of the omentum can be secured over the closure for added protection from a leak.

Feeding jejunostomy

Traditionally, feeding jejunostomy tubes are placed at the time of esophagectomy for nutritional support.
While we advocate routine placement of a feeding tube, like pyloroplasty, there is some debate and
equipoise regarding the necessity of this procedure””. Although it can be performed with robotic assistance,
we elect to perform this with routine laparoscopy as the last part of the abdominal procedure. The robotic
instruments are removed and the robot is undocked from the patient. With a 5 mm 30-degree laparoscopic
camera in the 5 mm right lower quadrant port, and in-line graspers in the right subcostal robotic port and
the right lower quadrant 12 mm port, the transverse colon is retracted cranially to expose the ligament of
Treitz. The jejunum is measured for a length of 35-40 cm, and a loop near this distance is selected that easily
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Figure 4. The celiac axis is skeletonized along the left gastric vascular pedicle, splenic artery, and common hepatic artery. All lymph
node bearing tissue is dissected, elevated, and kept with the specimen. LGA: Left gastric artery and vein; CHA: common hepatic artery;
SA: splenic artery.

Figure 5. The left gastric artery and vein are divided with a robotic vascular staple load. LGAV: Left gastric artery and vein; SA: splenic
artery.

reaches the anterior abdominal wall. An insertion site in the left lower quadrant is selected and a 25-gauge
needle is inserted through the skin to identify the jejunostomy tube site. The jejunum is then sutured to the
abdominal wall with a 2-0 Surgidac Endostitch (Medtronic, New Haven, CT), keeping the orientation of the
afferent and efferent limbs. The finder needle is exchanged for a Yueh needle, which is advanced through
the abdominal wall into the jejunal lumen. The intraluminal position is confirmed by an air bolus. Next, a
guidewire is inserted into the distal limb of the jejunum and the Yueh needle is removed. A skin incision is
made, the dilator and sheath are advanced over the wire into the jejunal lumen under direct visualization,
and the guidewire and dilator are removed leaving the sheath in place. A 10-French jejunostomy tube is
trimmed to a length of 20 cm from the balloon, which is cut to avoid accidental inflation. The feeding tube
is advanced through the sheath into the distal limb of jejunum and the sheath is removed. Two Witzel-type
2-0 Surgidac Endostitches are placed on the efferent jejunum and the jejunum is circumferentially sutured
to the abdominal wall with a 2-0 Surgidac Endostitch. An additional 2-0 Surgidac Endostitch is placed a few
centimeters distally as an anti-torsion stitch. The tube position is again confirmed by an air bolus. The
feeding tube is secured to the bumper with a 2-0 silk suture and the bumper is secured to the skin with 2-0
silk sutures.
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Figure 6. Greater curve dissection with individual ligation of the short gastric vessels is performed with the retrogastric approach. SG:

Short gastric vessels; RC: right crural pillar; LC: left crural pillar; SA: splenic artery.

Figure 7. The stomach is oriented for conduit creation by retracting the tip of the fundus towards the apex of the left hemidiaphragm

with the robotic assist (arm 4).

Figure 8. The first robotic vascular stapler is fired 5-6 cm proximal to the pylorus to include the lesser omentum and ending just on the

stomach. P: Pylorus.

Closing
The liver retractor and its port are removed under direct visualization and the fascia of the port sites are
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Figure 9. A 3 cm gastric conduit is created with multiple fires of the robotic endo-gastrointestinal stapler parallel to the greater curve of
the stomach, and the insertion line of the left gastroepiploic and short gastric vessels. Note the clear orientation of the conduit-in-
formation at all times.

Figure 10. Pyloromyotomy is performed by dividing the pylorus longitudinally along its entire length with the ultrasonic scalpel. Note the
“12 o'clock” and “6 o'clock” orientation of the pylorus created by traction on the lateral stay sutures.

closed according to surgeon comfort. We prefer to use a Carter-Thomason suture passer for entry sites
12 mm or greater (the right upper abdominal stapler port). Drains are not routinely placed in the abdomen.
We frequently place a left pleural pigtail catheter after the abdominal portion of the operation before
positioning the patient laterally. This allows for the evacuation of potential pneumothorax or pleural
effusion if the left pleura is violated during the thoracic portion of the esophagectomy.

Thoracoscopy

After completion of the abdominal portion, Ivor Lewis esophagectomy proceeds in the chest for esophageal
mobilization with en bloc mediastinal lymphadenectomy, specimen removal, and restoration of intestinal
continuity by esophagogastrostomy.

Positioning

The patient is turned into the left lateral decubitus position on a padded beanbag. The bed is flexed to widen
the intercostal spaces and the beanbag is deflated to secure the patient. A gel axillary roll is placed in the left
axilla and the right arm is secured with an arm holder. The position of the double-lumen endotracheal tube
is confirmed by bronchoscopy and the right lung is isolated.
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Figure 11. A Heineke-Mikulicz pyloroplasty is performed by closing the defect transversely. Sutures are alternated between the “upper”
and “lower” lateral aspects of the defect to ensure an even closure.

Port placement

Thoracic port placement is shown in Figure 12. Although rarely utilized, a standard thoracotomy incision is
marked on the patient if emergent conversion to open is required [Figure 12]. We prefer to enter the chest
with an 8 mm robotic optical separator in approximately the 3rd or 4th intercostal space in the posterior
axillary line (arm 4). Pneumothorax is established with CO, insufflation and additional ports are placed in
this line in approximately the 8th or 9th space above the diaphragmatic insertion (arm 2) and approximately
the sth or 6th intercostal space (arm 3). An additional 8 mm port (arm 1) is placed at the “dome” or apex of
the right lateral chest approximately “over” the right crural pillar in approximately the o9th or 10th
intercostal space. The bedside assistant/robotic stapling port is a 12 mm robotic port with a 5-8 mm cap and
is inserted halfway between the inferior two robotic ports at the insertion of the diaphragm.

Docking

The da Vinci Xi robotic side cart is brought in from the patient’s right at the level of the shoulders and the
camera port is docked to arm 2. The azygous vein is targeted, the remaining arms are docked, the
instruments are inserted, and patient clearance is optimized. A Force Bipolar Grasper is initially inserted
into arm 1 (robotic left hand), an ultrasonic shear is inserted into arm 3 (robotic right hand), and a small
grasping retractor is inserted into arm 4 (robotic assist). The bedside assistant utilizes a suction device.

Subcarinal dissection

The right lower lobe posterior basilar edge is retracted superiorly with the robotic assist arm and the inferior
pulmonary ligament is divided to expose the inferior pulmonary vein. An intracorporeal rolled gauze
“cigar” is inserted in the chest and is grasped by the robotic assist arm for anterior lung retraction. The
pleura over the posterior hilum is incised along the pericardium to expose the bronchus intermedius.
Dissection along the inferior edge of the airway continues to the carina, onto the posterior aspect of the
trachea, and again distal onto the left mainstem bronchus. This sequence ensures clear and confident
exposure of the left mainstem bronchus (the most common site of injury to the airway) and subsequent safe
exenteration of all nodal tissue from the bronchi, left pleura, and pericardium [Figure 13]. Care must be
taken to avoid thermal injury to the posterior membranous airway, especially during minimally invasive

esophageal resections™’.

Posterior dissection
The pleura overlying the posterior esophagus is incised starting at the inferior edge of the azygous vein and
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Figure 12. Port location for the thorax. The dashed line represents the standard thoracotomy incision. This figure is quoted with

permission from Ekeke et al.”?”.

Figure 13. The subcarinal lymphadenectomy includes all nodal tissue between the bronchi, left pleura, and pericardium. Note the
dissected lymph node packet swept up with the esophagus. LMS: Left mainstem bronchus; BI: bronchus intermedius; P: pericardium; E:

esophagus.

extending to the hiatus. The pleura overlying the right diaphragmatic crural pillar is incised to meet the
prior dissection along the pericardium, and the low paraesophageal lymph nodes along the diaphragm are
reflected with the specimen. The pleura overlying the esophagus is grasped with the robotic assist arm and
the esophagus is reflected anteriorly. The posterior esophagus is mobilized along the spine and aorta from
the hiatus to the azygous with the bedside assistant placing clips on any tissue potentially containing
branches of the thoracic duct, or the duct itself [Figure 14]. The pleura overlying the azygous vein is incised,
and the vein divided with a robotic vascular staple load.

Proximal esophageal dissection

Above the level of the azygous vein, the dissection shifts to “hug” the esophagus [Figure 15]. The right vagus
nerve is divided at the level of the azygous to avoid traction injury to the recurrent laryngeal nerve during
the remaining dissection. The esophagus is circumferentially mobilized to the level of the thoracic inlet (if
needed) to provide adequate mobility for the esophagogastric anastomosis.



Ackerman et al. Mini-invasive Surg 2021;5:14 | https://dx.doi.org/10.20517/2574-1225.2021.02 Page 13 of 19

Figure 14. The posterior esophagus is mobilized along the spine while clipping any tissue potentially containing the thoracic duct or one
of its branches. The robot assist (arm 4) can provide medial retraction on the esophagus away from the aorta. S: Spine; Ao: aorta; E:
esophagus.

Figure 15. Circumferential dissection proximal to the azygous vein “hugs” the esophagus. E: Esophagus; T: trachea.

Completion of esophageal dissection

With the robotic assist (arm 4) elevating the esophagus, the esophagus is mobilized from the left pleura
along its length to complete the circumferential esophageal mobilization with en bloc lymphadenectomy.
The esophagus is divided with either a scissor or ultrasonic shears at a level appropriate for a sound
oncologic margin. This may be as high as the thoracic inlet, but generally 2-3 cm proximal to the azygous
vein for lower esophageal tumors [Figure 16]. The proximal stomach and the gastric conduit are pulled into
the chest and the tacking suture is removed. The proximal conduit is temporarily sutured to the diaphragm
to prevent retraction back into the abdomen.

Specimen removal and conduit preparation

The posterior robotic arm 1 is undocked and the port is removed. The incision is extended to approximately
4 cm and a small wound protector is inserted. Alternatively, a specimen retrieval bag can be inserted
through the 12 mm bedside assist port, and the incision upsized on retrieval. The specimen is sent for
frozen pathologic analysis of margins, which should be confirmed as benign prior to reconstruction.

Anastomosis
We utilize an extra-long circular end-to-end anastomotic (EEA) 28 mm stapler (DST XL 28mm EEA,
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Figure 16. The esophagus is divided at a level appropriate for a sound oncologic margin, but no lower than the level of the azygous vein.
Shown is division high in the chest at approximately the level of the thoracic inlet. E: Esophagus; Tl: thoracic inlet.

Covidien, USA) to create an end-to-side (functional end-to-end) esophagogastrostomy. Regardless of the
technique, the goal is to create a well-perfused, tension-free, properly oriented, pneumostatic, full-thickness
anastomosis. The conduit needs to be of adequate length to avoid anastomotic tension, yet short enough to
lay straight without redundancy. The redundant tip of the conduit is frequently ischemic or damaged from
manipulation and is resected. The anastomotic site should be chosen at a location of healthy appearing
conduit either by gross visualization or with the aid of indocyanine green near-infrared fluorescence
imaging available on the robotic platform (Firefly, Intuitive Surgical, Sunnyvale, CA)". It is generally
feasible to create the anastomosis just proximal to the site of the gastroepiploic vascular arcade termination.

To create an EEA stapled anastomosis, the stapler anvil is inserted into the chest through the anterior aspect
of the access incision. The Force Bipolar is placed in the robotic left arm 1 and a large self-cutting needle
driver (Large Suture Cut Needle Driver, Intuitive Surgical, Sunnyvale, CA) is placed in the robotic right arm
3. A running baseball stitch with 2-0 non-absorbable monofilament suture is placed. Care should be taken
to ensure that each suture bite is full-thickness containing the mucosa, but not excessively deep (2-3 mm
bites). Grasping only the plastic portion of the anvil with the large Suture Cut needle driver, while the assist
arm 4 and left arm 1 gently splay open the esophageal lumen, the anvil is inserted into the esophagus. The
suture is tied down to secure the anvil. A second purse-string suture is placed for reinforcement and
“tucking” of redundant tissue folds [Figure 17].

The suture securing the conduit to the diaphragm is cut and the conduit is gently grasped at the tip and
retracted cranially. Simultaneous and gentle lateral “lifting” of the conduit at the hiatus can facilitate ease of
passage of tubularized stomach and omentum through the hiatus. Grasping of the conduit itself should be
avoided when possible to minimize damage to the serosa and/or microvasculature. Proper orientation of the
conduit is maintained with the staple line facing approximately towards the lateral chest, and the vascular
arcade facing medially towards the mediastinum [Figure 18]. The conduit should be brought into the chest
until the previously placed marking suture on the staple line is visible.

A gastrotomy is created at the apex of the conduit parallel to the staple line, large enough to insert the EEA
stapler. The robotic left arm and port are removed, the conduit is oriented toward the access incision, and
the conduit lumen is irrigated with antibiotic-infused saline. The EEA stapler is inserted through the
anterior portion of the access incision along with a laparoscopic grasper and the stapler is passed into the
conduit [Figure 19]. The conduit and stapler are brought together into the upper chest and the spike is
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Figure 17. The EEA anvil is inserted into the esophagus and secured with an inner baseball stitch and an outer purse-string stitch. Tl:

Thoracic inlet.

Figure 19. The end-to-end anastomotic stapler is inserted into the chest and passed into the conduit. Careful attention to the proper
orientation of the conduit is critical at all times to avoid twisting, torsion, and obstruction. C: Conduit.

deployed through the greater curve of the conduit, ideally at the level of the proximal gastroepiploic arcade
[Figure 20]. The spike is docked into the anvil and the stapler is fired [Figure 21]. The anastomotic rings are
inspected for completeness and sent to pathology. The robotic left arm (arm 1) is port-hopped to the 12 mm
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Figure 20. The end-to-end anastomotic spike is deployed through the greater curve of the conduit, ideally at the level of the proximal
gastroepiploic arcade. C: Conduit.

Figure 21. The end-to-end anastomotic spike is docked into its anvil. The stapler is gently approximated, closed, and fired to complete
the anastomosis. C: Conduit; E: esophagus.

port to allow for use of the robotic stapler. The proximal tip of the conduit is amputated using a robotic
stapler load with care to leave some tissue distance between the new staple line and the circular anastomosis
to avoid undue tissue ischemia [Figure 22].

Endoscopy, drains, and flaps

After the anastomosis is completed, intraoperative endoscopy may be performed under thoracoscopic
visualization with the chest filled with irrigation to assess for conduit integrity and leak. A nasogastric tube
is passed under thoracoscopic visualization before endoscope removal.

If a pedicled omental flap was created (not shown), it is interposed between the anastomosis and the airway,
and wrapped around the anastomosis. A 10 mm flat Jackson-Pratt drain (Cardinal Health, Dublin, OH) is
placed adjacent and posterior to the anastomosis between the conduit and spine. A 28-French chest tube is
placed in the posterior chest and directed towards the apex.

TECHNICAL CONSIDERATIONS

In addition to understanding the sequence of the procedure, some elements of the technique require

discussion.
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Figure 22. The proximal tip of the conduit is amputated using robotic stapler loads. Although not directly visible in this figure, the
dashed line represents the approximate location of the stapled proximal conduit. Note distance (approximately 2 cm) maintained
between the anastomotic and conduit staple lines to avoid undue tissue ischemia. A: Anastomosis; C: conduit; E: esophagus.

Benign disease

When operating for a benign indication, the overall conduct of the operation is similar. The major
difference is the omission of an aggressive lymphadenectomy. Dissection should stay close to the esophagus
for the entire thoracic portion to minimize risk to surrounding structures including the airway and thoracic
duct. The conduit length is much more flexible without the need for oncologic margins and can extend
further along the fundus. The site of transection of the native esophagus is also flexible, but it should be
located at or higher than the level of the azygous vein to avoid excessive reflux. The underlying esophageal
pathology may also dictate the level of transection to avoid leaving an excessive nonfunctional esophageal
segment in situ.

Learning curve

Although the robotic Ivor Lewis esophagectomy is conceptually similar to a standard minimally invasive
Ivor Lewis esophagectomy, it requires the mastery of additional skill sets. Some robotic skills are not directly
transferable from prior experience with open or laparoscopic/thoracoscopic surgeries® and require
dedicated training. The time to proficiency varies on an individual basis but has been reported between 20
to 70! cases. The initial experience with 100 consecutive cases performed by a single team of two surgeons
at Memorial Sloan Kettering Cancer Center identified significantly decreased operative times and surgical
complications after approximately 45 cases™.

Highlighting the importance of mentorship, surgeons at the University of Utrecht in the Netherland
reduced their time to proficiency by 66% using a structured proctoring program in an established robotic
practice”. Conversely, the learning curve for an operation time was not affected when an experienced
RAMIE surgeon joined an experienced non-robotic minimally invasive thoracic surgical practice,
suggesting the presence of an institutional learning curve in addition to a personal learning curve™.

CONCLUSION

As esophageal surgery continues to remain clinically relevant, advances in technology will increasingly
evolve the field. Although a relative newcomer to the repertoire of the esophageal surgeon’s toolbox,
RAMIE is readily establishing itself as a safe and effective approach to esophagectomy”***. With the
expected ongoing development and growing sophistication of robotic platforms, the current and immediate
future represents an exciting era in esophageal surgery.
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Abstract

Situs Viscerum Inversus (SVI) is a rare autosomal recessive disease. Because of this particular anatomy, it could be
challenging for the surgeon to perform any abdominal procedure, including laparoscopic cholecystectomy. In these
situations, indocyanine green fluorescence cholangiography can be essential. A 29-year-old female with
documented situs viscerum inversus totalis underwent laparoscopic cholecystectomy with a four-trocar technique.
Switching the vision to the near-infrared camera, which elicited the indocyanine green molecules, the surgeon
could easily identify the common bile duct and the cystic duct. Switching back to the normal vision, the operator
completed the dissection. The described procedure is still challenging due to the "mirror effect” and the uncommon
position of the surgical instruments, especially for right-handed surgeons. Indocyanine green fluorescence
angiography can help the surgeon identify the structures in cases of non-regular anatomy such as this.

Keywords: Situs inversus totalis, indocyanine green fluorescence, cholecystectomy

INTRODUCTION

Situs Viscerum Inversus (SVI) is a rare autosomal recessive condition which affects from 1:10,000 to
1:20,000 live births"". Kartagener’s syndrome takes place when situs inversus, chronic sinusitis, and
bronchiectasis occur together. Two variants are described: situs viscerum inversus partialis (involves
thoracic or abdominal organs alone) and situs viscerum inversus totalis (involves both thoracic and
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abdominal organs)®”'. Because of this particular anatomy, it could be challenging for the surgeon to perform
any abdominal procedure, including laparoscopic cholecystectomy”. The “mirror image” is critically
confusing, especially during the dissection of the Calot’s triangle. In these situations, indocyanine green
fluorescence cholangiography can be essential. It can allow highlighting and safely preserving all the biliary
structures'?.

CASE REPORT

A 29-year-old female, BMI 24.2 kg/m?*, was admitted to the authors’ institution with diagnosed symptomatic
presence of stones in the gallbladder with several episodes of epigastric pain, nausea, and vomiting. Medical
history showed Kartagener’s syndrome (DNAH5 gene mutation) with documented situs viscerum inversus
totalis, bronchiectasis, and recurrent respiratory infections (the last episode occurring 18 months before the
surgery). During a hospitalization in another institution due to bronchopneumonia, the patient underwent
CT scan that showed gallbladder stones. Before the surgery, the patient underwent abdomen ultrasound and
MRI as well.

The patient underwent laparoscopic cholecystectomy with a four-trocar technique. The operating surgeon
was on the right side of the patient and the assistant was between the patient’s legs. First, a 12-mm trocar
was placed in the sub-umbilical portion. After inducing the pneumoperitoneum, three 5-mm trocars were
placed in the epigastrium, mesogastrium, and left flank, respectively. A diagnostic laparoscopy confirmed
the SVI. Twenty-five milligrams of indocyanine green were diluted into 10 mL of sterile normal saline, and
a bolus of 0.2 mg/kg was injected intravenously by the anesthesiologist 1 h before the surgery.

During the procedure, the operating surgeon started the dissection of the Calot’s triangle by means of a
diathermy hook. Switching the vision to the near-infrared camera, which elicited the indocyanine green
molecules, the surgeon could easily identify the common bile duct and the cystic duct. Switching back to the
normal vision, the operator completed the dissection. After being isolated, the cystic duct and the cystic
artery were clipped, cut, and a retrograde cholecystectomy was performed with no difficulties. The
operation took 74 min without intraoperative complications. The patient was discharged on Postoperative
Day 2 uneventfully. The final pathology confirmed calculous cholecystitis.

DISCUSSION

The described procedure is still challenging due to the “mirror effect” and the uncommon position of the
surgical instruments. For right-handed surgeons, the use of the non-dominant hand to perform the
dissection could be challenging. Because of this, surgeons should reflect, first, on the trocars position. Some
authors described a simple mirror trocar’s position to perform this surgery'*, but we suggest reconsidering
this simplification for right-handed surgeons and rethinking the use of the instruments. As described in a
recent review!, there is no standard technique to approach this uncommon orientation. Differently from
what is described in other papers™”*, our equipment was composed by a surgeon and an assistant, and they
decided the best port placement that allows the surgeon to perform the dissection with the right hand,
having full control of the instrument and completely relying on the assistant for the necessary tractions on
the gallbladder to reach the critical view of safety. By this, we tried to avoid the risk of vascular or biliary
injury possibly due to the uncommon anatomy.

Thus, the patient’s position was halfway between a mirrored “French” and “American” position because the
patient was placed in a lithotomy position but with the surgeon on the patient’s right and the assistant
between the patient’s legs. The surgeon’s 5-mm operating trocar was placed midline, between the 5-mm one
in the epigastrium and the 12-mm one in the navel. The surgeon was right-handed and used the trocar in
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the epigastrium to pull the bottom of the gallbladder upward and the trocar in the mesogastrium to perform
the monopolar hook dissection. The assistant, on the other hand, was positioned between the legs to permit
holding the scope with the left hand and helping with the right hand the surgeon pulling the infundibulum
of the gallbladder outwards. This position allowed the surgeon to obtain the best possible angle to perform a
correct dissection of the gallbladder, with easy preparation of the cystic duct and the cystic artery. The
administration of ICG (indocyanine green) was carried out about 1 h before the surgery and not previously
because, in our department, we try to reduce hospital stays as much as possible we generally hospitalize
patients for this type of surgery on the same day of the operation. As suggested by Tebala et al.”), ICG
injection could be performed the day before the surgery in order to reach an optimal concentration in the
bile, but there is no clear evidence in the literature that the administration of ICG 1 h before surgery is not
already sufficient. This case demonstrated that administration 1 h before surgery could be sufficient, and the
images in the video prove it. Indocyanine green fluorescence angiography can help the surgeon identify the
structures in cases of non-regular anatomy such as this. In conclusion, in patients with SVI, laparoscopic
cholecystectomy can be safely performed and ICG fluorescence can be helpful for identifying anatomical
structures.
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Abstract

One of the most serious complications after inguinal hernia repair is still the occurrence of chronic pain. The
literature describes rates of severe chronic pain of 3%-6%. Laparo-endoscopic inguinal hernia repair is favored to
prevent postoperative pain through a minimally invasive approach and sparing of the layers of tissue covering
nerves and vessels in terms of reduced risk of damage to these structures. However, the method of fixation of the
mesh is still controversial discussed. The use of these penetrating devices such as staples and staplers has been
shown to often be complicated by injury to nerves and vessels and occurrence of postoperative pain. The shift to
completely atraumatic fixation using adhesives (fibrin glue, cyanoacrylate) began in the early part of this century.
Several studies confirmed less postoperative pain after mesh fixation by glue compared to stapler or tacker.
Historically, the TEP technique has always been performed without any fixation. Several studies comparing fixation
versus non-fixation have been performed in TEP repair and found results with no increase in recurrence rate.
Notwithstanding that very few studies comparing fixation versus no fixation with exclusion of large medial inguinal
hernias have been published on this topic in TAPP repair, identical results to those with TEP repair were obtained.
On the basis of current evidence, no mesh fixation is recommended for laparo-endoscopic inguinal hernia repair
except for large medial and combined inguinal hernias. If mesh fixation is required, atraumatic techniques should
be used.

Keywords: Laparo-endoscopic inguinal hernia repair, TAPP, TEP, mesh fixation, non-fixation, atraumatic fixation,
glue fixation

INTRODUCTION

Since the introduction of minimally invasive techniques in inguinal hernia surgery with TAPP" and TEP",
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mesh fixation has become more and more the focus of discussion. Initially, recurrence rates were the focus
of interest, but now the chronic pain rate, which is much higher in percentage terms, is assessed as a
measure of surgical success. The type of fixation is closely related to the occurrence of postoperative pain.
While penetrating fixation modules such as staplers and staple clips were common in the first era of TAPP
and TEP, adhesive techniques have become increasingly popular. This article deals with the background of
this development as well as the latest scientific published data and international guidelines and resulting tips
and tricks of mesh fixation in laparo-endoscopic inguinal hernia surgery.

Since the implementation of minimal invasive techniques in inguinal hernia repair by TAPP and TEP, the
discussion of mesh fixation is still controversially discussed. In the early 1990s, the standard mesh fixation
in laparo-endoscopic inguinal hernia repair was performed with staples and tacks". The use of these
penetrating devices was frequently complicated by injury of nerves and vessels and occasionally followed by
postoperative pain. Knowledge in terms of the anatomical areas of high risk for injuries to nerves and
vessels such as the triangle of doom and pain are well known, but due to the variability of the nerve courses
in the region of the inguinal region, a residual risk of injury in the context of a penetrating mesh fixation
cannot be ruled out.

In the last two decades, therefore, the mesh fixation techniques have been under discussion. New absorbable
fixation models as well as self-fixing meshes have been developed. The advantages of this atraumatic mesh
fixation have been investigated in numerous studies and can be found as an evidence-based
recommendation in today's guidelines for inguinal hernia care. The completely fixation-free mesh
implantation in the TEP technique has been practiced by many TEP surgeons for years because of the
extraperitoneal access and the fixation of the mesh resulting from the intraperitoneal pressure immediately
after decompression of the pneumoperitoneum. For the TAPP technique, however, there are only a few
clinical studies to date. The exact background of the advantages of atraumatic fixation techniques and also
fixation-free mesh implantation will be examined in this review.

Pain as main issue in inguinal hernia repair

The recurrence rates after laparo-endoscopic hernia repair have been found to be similar to those with the
open mesh techniques, especially with the standard Lichtenstein technique. However, the advantage of
lower pain incidence after TAPP and TEP compared to Lichtenstein repair became apparent very soon. In a
recently published meta-analysis and trial sequential analysis of primary unilateral uncomplicated inguinal
hernias comparing open versus laparo-endoscopic mesh repair, the current situation of postoperative pain
and recurrence was described at length and analyzed in detail”. This study enrolled 12 randomized
controlled trials (RCT) with 3966 patients randomized to Lichtenstein repair (n = 1926) or laparoscopic
repair (n = 2040). No significant differences were detected in recurrence rates between the laparoscopic and
open groups [odds ratio (OR) 1.14, 95%CI: 0.51-2.55, P = 0.76]. Laparo-endoscopic repair was associated
with reduced rate of acute pain compared to open repair (mean difference 1.19, 95%CI: - 1.86 to - 0.51, P <
0.0006) as well as reduced chronic pain compared to open (OR 0.41, 95%CI: 0.30-0.56, P < 0.00001). A trial
sequential analysis found that further studies are unlikely to demonstrate a statistically significant difference
between the two techniques. This meta-analysis concluded that laparo-endoscopic repair has a statistically
significant advantage in inguinal hernia repair in comparison to open mesh repair in terms of postoperative
pain, and it complies with the current Hernia Surge Guidelines.

Why traumatic mesh fixation in laparo-endoscopic inguinal hernia repair should be abandoned?

In the early 1990s, the laparoscopic techniques of TAPP and TEP were developed. In addition to the
discussion about mesh, questions with regard to size and fixation with a stapler or tacker were standard. The
only recommendation at that time was to avoid the region caudal to the ilio-pubic tract, known as the
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triangle of doom and pain, for penetrating fixation modules'’.

Since Reinpold's anatomical study', we know that the entry points of the genital and femoral branch of the
genitofemoral nerve have a great variability and can lie above the ilio-pubic tract. This widens both the
triangle of doom and the triangle of pain. This also significantly increases the risk of nerve injury when
using penetrating fixation models. Similarly, the varied course of the ilio-hypogastric nerve, which can also
be injured during traumatic mesh fixation in TEP and TAPP repair, must also be taken into account.

In conclusion, a significantly increased risk of injury must be calculated for traumatic mesh fixation
techniques, which leads to the fact that only atraumatic mesh fixation methods are recommended in the
international guidelines for the laparo-endoscopic treatment of inguinal hernias'®.

Is the use of resorbable tacker able to prevent chronic postoperative pain?

Initiated by the results of comparative studies on different mesh fixation devices, the hypothesis arose that
the re-absorbability of penetrating staples could solve the problem of nerve damage, starting from
neuropraxia to total dissection. By definition, the chronicity of pain appears after 3-6 months at the latest
and is compared to the resorption time of these fixation models of 6-8 months. Thus, this consideration was
based on lacking knowledge of the time course of a nerve injury and entrapment. Moreover, the
configuration of these resorbable staples was partly incompatible with regard to the size of the mesh pores
to be considered and the depth of penetration especially in laparoscopic incisional and ventral hernia repair.

In summary, the problem of penetrating fixation models is not solved by the absorbability of the material

[7.8]

used” and makes no difference in outcome results such as postoperative pain and recurrence.

Seroma

The incidence of postoperative seroma formation in laparo-endoscopic inguinal hernia surgery is reported
in the literature to be between 3.0 and 8% for TAPP and between 0.5% and 12.3% for TEP. A clinical
association was reported with large hernia sacs in direct and indirect inguinal hernias but also with mesh
fixation”. In a registry study by Kockerling et al."”, the occurrence of seroma formation after TAPP
treatment was analyzed in relation to the type of fixation and the type of hernia. In the multivariate analysis,
adhesive fixation had a twofold risk of postoperative seroma formation compared to staple fixation and a 5-
fold risk compared to non-fixation. In relation to hernia defect, M3 (direct inguinal hernia, defect size = 3
cm, EHS classification) had a 2.8-fold increased risk compared to M1 (direct inguinal hernia, defect size <
1.5 cm, EHS classification) inguinal hernia, and direct inguinal hernia had a 1.2-fold increased risk
compared to indirect inguinal hernia.

The closure of the direct inguinal hernia defect area of the type MIII inguinal hernia by means of inversion
of the dilated transversalis fascia within laparo-endoscopic hernia repair to avoid postoperative seroma
formation seems recommendable. The use of barbed suture material for this purpose seems to be suitable.
The results of a RCT by Zhu et al."" showed a significantly reduced incidence and volume of seroma
formation without increasing the risk of recurrence, acute and chronic pain.

In another prospective study by Usmani et al."”! comparing direct defect closure in MII and MIII inguinal
hernias by barbed non-resorbable suture versus non-closure in TEP and TAPP repair demonstrated a
statistically significant reduction not only in seroma formation (12.6% vs. 6.4%, P = 0.045) but also in
recurrence (4.4% vs. 0.9%, P = 0.036) after a follow-up of at least 9 months.
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The advantage of direct defect closure in prevention of recurrence was also reported in a retrospective study
by Ng et al."” in TAPP and TEP repair using interrupted non-resorbable single sutures for MII and MIII
inguinal hernias with a 6.4% recurrence rate in the non-closure group vs. 0% in the closure group after 1
year. In both studies'™>"”), besides the defect closure, mesh fixation was performed by resorbable tacker.

In another prospective study by Clout et al."" patients were treated with Endoloop closure by long term
absorbable suture for MII or MIII direct defects in TEP repair. The meshes were fixated using fibrin sealant
only. After a median follow-up of 5.9 years, there was no recurrence.

In summary, no mesh fixation clearly has the lowest seroma rate in laparo-endoscopic inguinal hernia
surgery. But most of the studies with non-fixation of mesh excluded large direct inguinal hernias.

The defect closure respectively reducing the dilated transverse fascia by suture in MII and MII direct
inguinal hernia in combination with mesh fixation by tacker or glue seems to prevent not only
postoperative seroma formation but moreover the risk of recurrence.

Since atraumatic mesh fixation reduces the risk of postoperative pain, the combination of defect closure and
mesh fixation by glue or the use of self-fixing meshes in MII and MIII direct inguinal hernias seems
recommendable.

GLUE FIXATION IN TEP AND TAPP

Fibrin glue

Starting with the first experimental study by Katkhouda et al."* by using fibrin glue for mesh fixation in
TEP repair, atraumatic fixation was born. Fibrin glue, known as Tissel or Tissucol (Baxter Healthcare,
Deerfield, IL, USA), is a biologic hemostatic agent consisting of human fibrinogen and thrombin. In an
experimental study, Schwab et al."" carried out a biomechanical analysis of mesh fixation in TAPP and TEP
comparing non-fixation versus suture versus fibrin sealant fixation. Glue fixation obtained the highest stress
resistance compared to non-fixation and suture fixation. Regarding the application of fibrin sealant in
laparo-endoscopic inguinal hernia repair, a spray-application at 1.5 bar pressure and a dose of
approximately 0.014 mL/cm’ to achieve a thin layer with broad coverage of mesh and efficient trans-porous
contact with the underlaying tissue is recommended"”.

After the first clinical publication by Langrehr et al."” in 2005, several RCTs followed with fibrin fixation of
mesh versus stapler and tacker fixation techniques in TAPP"* and TEP** surgeries. The rate of
postoperative pain was predominantly significantly lower compared to the penetrating fixation techniques
without increased recurrence rates.

The systematic review and meta-analysis comparing fibrin glue versus staple mesh fixation in TAPP by Shi
et al.”” including four RCTs detected no significant difference in hernia recurrence OR 2.10, 95%CI: 0.61-
7.22), seroma or hematoma formation (OR 0.55, 95%CI: 0.27 to 1.14) and operating time (SMD 0.80, 95%CI:
-0.34 to 1.94). Another systematic review and meta-analysis, by Sajid et al.”, with the inclusion of 5 RCTs
found no significant difference regarding operating time, postoperative pain, postoperative complication,
length of hospital stay and risk of recurrence, but a lower risk of chronic pain.

Kaul et al.” published a systematic review and meta-analysis comparing fibrin glue and staple fixation in
TEP. In the four enrolled studies, no difference in inguinal hernia recurrence with fixation of mesh by
staples/tacks versus fibrin glue (OR 2.13; 95%CI: 0.60-7.63) was found. The incidence of chronic pain at 3
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months was significantly higher with staple/tack fixation (OR 3.25; 95%CI: 1.62-6.49). Whereas no
significant difference was seen in operative time, seroma formation, hospital stay, or time to return to
normal activities.

In summary the use of fibrin glue for mesh fixation in TAPP and TEP is a safe atraumatic fixation technique
and provides less chronic pain incidence compared to traumatic fixation.

The optimal application method is the spray technique to generate a thin adhesive layer.

Cyanoacrylates

Besides the biological fibrin glue, a synthetic cyanoacrylate (CA) is an alternative glue material. One of the
most serious problems of the surgical use of CAs involves its degradation and toxicity. The main toxic
products released by the degradation of CA alkyl chains are formaldehyde. A second basic problem
associated with CAs is the flexibility. After polymerization, these polymers become hard and brittle, which
might be counterproductive for tissue conditions””. In an in vivo preclinical study by Pascual et al.”"! CAs
currently used in clinical practice, with different alkyl chain lengths, Ifabond (n-hexyl), Glubran (n-butyl),
and OCA (n-octyl) obtained sufficient tissue integration, proper mesh fixation and effective short-term
biocompatibility. CA (n-octyl) revealed the lowest seroma formation macrophage response.

The largest number of mesh fixations by CAs (n-butyl) in TAPP repair was published by Kukleta ef al.*”
showing excellent results in terms of biocompatibility and risk of recurrence. The technique recommended
by these authors for CA mesh fixation consists in applying just a few drops each to all four quadrants of the
mesh. Subwongcharoen et al.”” reported on a RCT comparing staple fixation versus CA (n-butyl) in TEP
repair. Postoperative pain assessed by VAS was significantly higher in the staple group after 24 hours (1.6
+/- 1.33 5. 2.35 +/- 1.32) (P = 0.037). The rate of chronic pain after 3 months and 1 year was higher in the
staple group but did not reach significance. Complications rates and recurrences after one year were not
significant.

In summary, cyanoacrylate, preferably n-octyl cyanoacrylate, is safe to use for adhesive fixation of meshes in
TAPP and TEP. Care should be taken to ensure sparing spot application. This is in contrast to the large-area
trans-porous spray application of fibrin glue, which achieves elastic fixation of the fibrin glue®".

Self-fixating mesh

So far, in contrast to the open mesh methods, there are only a very few publications for the use of self-
fixating mesh. In feasibility studies with the use of self-fixation mesh in TAPP by Birk et al.** and Li et al.*®
in TAPP and TEP and by Bresnahan et al.”” in TEP, only one RCT by Denham et al.®® was published in
2019. In this study 217 patients with primary, unilateral inguinal hernias were randomized to non-self-
fixation or self-fixation group in TEP repair. A subgroup randomization was performed on the self-fixating
mesh group with direct hernias > 2 cm (n = 38). Fifty percent of this group (n = 19) were randomized to
receive tacker fixation. The median operative times and length of hospital stay were similar. More patients
in the non-fixating mesh group received tacks (43 vs. 19, P = 0.001). During the first 3 postoperative days
non-fixating mesh patients reported significantly less pain, whereas 3 weeks or 1 year postoperatively no
significant difference was detected. In the follow-up of one year, no recurrence was found in either of the
groups. A subgroup analysis of direct inguinal hernias could not be performed due to the low number of
patients. In conclusion, the authors stated that “self-fixating mesh does not appear to positively impact QoL
after TEP repair”.
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Since the evidence regarding the benefit using self-fixating meshes in laparo-endoscopic inguinal hernia
repair is too little, no conclusions or recommendations can be derived at present.

Is there a need for mesh fixation in TEP or TAPP?
Finally, the main topic of this paper is the discussion of non-fixation of mesh in laparo-endoscopic inguinal
hernia surgery.

The first study in terms of non-fixation in TEP repair in an experimental setting by Katkhouda et al.""”
demonstrated the risk of mesh movement. Despite this finding and an increased potential risk of early
recurrence derived from it, the non-fixation in TEP technique, for the difference of TAPP, has been
thematized very early. The obvious reason for this was the specific technique of implanting the mesh in a
pocket that made it unlikely that the mesh would slip after the pneumoperitoneum was depressurized. On
the other hand, the advantage of not fixing the meshes is associated with a significantly reduced risk of
seroma occurrence'.

In a study by Claus"™ specifically focused on mesh displacement in the absence of fixation in TEP repair,
only a minimal displacement was found. The comparison of radiologically controlled mesh movement after
bilateral versus unilateral TEP repair showed 30 days postoperatively a median of 1.9 and 1.8 cm (P = 0.78),
respectively. With this aspect of potential, albeit minor mesh displacement, care must be taken to ensure
adequate size and defect overlap, especially in large direct inguinal hernias.

In 1999, Ferzli et al.* published the first study comparing tacker versus non-fixation in TEP repair without
significant differences in recurrence or complication rates after a 12-month follow-up.

41-46 47-49

Since then, several studies* and meta-analyses”*” of TEP procedures with non-fixation were published.
The conclusion of these were that outcomes after non-fixation in TEP repair are comparable to fixation and
not associated with higher recurrence rates. However, the various meta-analyses had a certain bias due to
the inclusion of RCTs with recurrent surgery, bilateral inguinal hernias, both sexes and exclusion of large
medial inguinal hernias. As there has been no RCT on primary unilateral inguinal hernias to date, an

evidence-based statement can only be drawn to a limited extent.

Based on the Swedish Hernia Registry, a study including 1110 male patients undergoing TEP repair
comparing permanent fixation versus non-fixation including glue fixation in terms of chronic pain detected
no significant difference™. Going into detailed analyses, the rate of permanent fixation was significantly
higher in medial hernias compared to non-fixation and glue fixation (P < 0.003) as well as regarding the
defect size (P < 0.002). The distribution of unilateral inguinal to bilateral and recurrent inguinal hernias was
36, 64 and 9%, respectively. The use of heavy meshes were significantly more frequent in the fixation group
compared to non-fixation and glue-fixation (P < 0.015). In a subgroup-analysis, the use of glue fixation was
performed significantly more in medial hernia compared to non-fixation (P < 0.001). After a median follow-
up of 7.5 years, a total of 15 patients had an operation for recurrent hernia: 1.5% for fixation and 1.3% for
non-fixation and glue-fixation (P < 0.735). Looking to the sub-analysis of recurrences after medial hernia
repair, no significant difference was seen (0.7% after fixation vs. 1.7% after non-fixation and glue-fixation; P
< 0.669). In a multivariable analysis, the risk factor for chronic pain was a postoperative complication.

In summary, in this registry study of TEP repair in male patients, a low incidence of recurrence was
observed with no significant difference seen in non fixation, permanent and glue fixation. The conclusion of
this study suggests that non-fixation in TEP repair does not carry a risk of recurrence even in medial
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hernias. Nevertheless, the subgroup analysis shows that glue-fixation in medial hernias was significantly
more frequently used compared to non-fixation. Since no evaluation is available regarding the size and type
of fixation of medial inguinal hernias, the interpretation in this regard should also be viewed with caution.

For the TAPP procedure, only 2 RCTs"”"**! comparing non-fixation with staple fixation have been published
to date. In 1999, Smith et al.”™ reported a recurrence rate after median follow-up of 16 months (range, 1-32
months) of 0% after non-fixation and 1% after staple fixation without significant difference (P = 0.09).
Furthermore, no significant difference was detected in operative time and chronic pain between the two
groups. Limitations of this study have to be considered regarding the short time of follow up and the
number of patients followed up of only 65% by examination and 22.2% by telephone. In the study by Li
et al.®”, male patients with primary, unilateral inguinal hernia, defect size < 4 cm diameter were randomly
allocated to non-fixation or staple fixation. After a median follow up of 11.5 months after non-fixation and
11.2 months after staple fixation, no recurrences were found. Postoperative VAS pain scores up to 6 months
for the non-fixation group were significantly lower than in the fixation group. The quality of life regarding
physical function, physical role, bodily pain, and general health in the non-fixation group was significantly
better than in the fixation group. This RCT also had limitations regarding the very short follow-up period
and the inclusion criterion restricted to smaller than 4-cm defect size.

In summary, the question of non-fixation in TEP and TAPP has limited answerability. The lowest common
denominator for low-risk non-fixation of meshes in TEP and TAPP techniques seems to be primary
unilateral male inguinal hernias with exclusion of medial hernia types with a defect diameter of 2 3 cm.

Discussion

The appropriate technique in TEP and TAPP repair is the most important requirement of prevention of
postoperative pain. The dissection in the right plane with preserving the protective layers such as spermatic
sheath to prevent nerve injury and to avoid any coarse grasp of the spermatic cord are basic rules to be
observed. The preparation of the landing zone has to be sufficient for a mesh implantation of at least 10 cm
by 15 cm. In the special case of direct hernia with a defect size of 3 cm and more the mesh size has to be
larger, e.g., 12 cm by 17 cm to guarantee a sufficient overlap of at least 3 cm over the midline. In addition,
the inversion of the dilated transverse fascia seems to prevent postoperative seroma occurrence in these
cases. Following these crucial steps of TEP or TAPP are mandatory to achieve best outcomes regarding
postoperative pain and recurrence rate.

The choice of the optimal mesh for laparo-endoscopic inguinal hernia repair has been discussed for years
with the question of light or heavy weight. Until recently, lightweight meshes were clearly preferred in terms
of pain and reduced foreign body reaction, but an RCT with long-term results has changed the evidence™”..
In this 5-year follow-up RCT study in TEP repair of primary unilateral inguinal hernias, the recurrence rate
was significantly increased after the use of lightweight mesh (UltraPro’) compared to the use of heavyweight
mesh. This publication did not remain uncommented®*. Since the classification of medial hernias in this
study is based on the Nyhus classification and not on the EHS classification® with differentiation of
defect sizes (MI, MII and MII), the MIII hernia cannot be evaluated selectively.

The studies, already mentioned in the seroma chapter regarding the closure or shortening of the dilated
transverse fascia have not only led to a reduction in seroma formation but also to a decrease of the
recurrence rate. This relationship seems quite plausible. Considering the bending stiffness of small pore-
sized/heavyweight meshes compared to large pore-sized/lightweight meshes, significant differences can be
found, which are especially important when there is no tissue directly under the mesh but an empty space.
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In the biomechanical study by Hollinsky et al.*”, the ultimate tensile strength and elasticity in association
with defect size of 1.5, 3 and 5 cm was assessed by the use of a lightweight mesh in comparison to a
heavyweight mesh. Regarding 1.5 cm of defect size no difference was seen, but in case of defect size 3 and 5
cm, the lightweight mesh flexed 3.16 +/- 0.4 mm and 10.4+/-2.5 mm significantly more in comparison to the
heavyweight mesh 0.34+/-0.2 mm and 3.97+/-0.7 mm (P < 0.001). This study is of main importance to
understand biomechanical relationships of mesh properties and defect size.

While meta-analyses to date have shown advantages for the use of lightweight meshes in laparo-endoscopic
inguinal hernia surgery”, the inclusion of the TEP study by Ross et al.”” changed the recommendation not
to use lightweight meshes, especially in direct hernias, due to the increased risk of recurrence (RR 2.21;
95%Cl: 1.14-4.31), especially in non-fixated mesh direct repairs (RR 7.27; 95%CI: 1.33-39.73) and/or large
hernia defects”™. No significant differences were determined in terms of pain and foreign body sensation.
Similar results were found in the meta-analysis of Hu et al.*”’.

If you look at the EHS update guidelines from 2014, you will find the recommendations for mesh fixation
in TEP if a heavyweight mesh is used: traumatic mesh fixation should be avoided except in large direct
inguinal hernias. For TAPP treatment, atraumatic mesh fixation without increased risk of recurrence within
one year was recommended.

Nowadays, in the nomenclature of mesh properties, light and heavy are obsolete; rather, effective porosity
and surface properties as well as elasticity are some of the defining properties of meshes. However, there is a
complex interplay between the polymer, textile structure, amount of material, porosity, processing of the
material, position and mechanical load on the mesh.

Despite some limitations of the available evidence, the HerniaSurge Group stated in the current guidelines™
that mesh fixation is not required in almost all types of inguinal hernias in TEP repair. However, a strong
recommendation for mesh fixation was made for large medial inguinal hernias (MIII in the EHS
classification) for TAPP and TEP repair. If fixation is required, the HerniaSurge guidelines recommend an
atraumatic technique to reduce the risk of early postoperative pain.

In a Herniamed register study, 11,228 male patients with primary unilateral inguinal hernia underwent
TAPP technique and were followed up for 1 year. In this study published by Mayer et al.*”, mesh fixation
was performed in a total of 66.1% of the procedures. In the unadjusted analysis, there was no significant
difference in recurrence rate (0.88% with fixation vs. 1.1% without fixation; P = 0.259). In a multivariable
analysis of all potential influencing factors such as age, ASA, BMI, risk factors, defect size, mesh fixation,
location of the defect and mesh size, no factor was identified to influence the recurrence rate at 1-year
follow-up. However, for medial and combined defect localization in comparison to lateral localization, a
highly significant effect was detected (P < 0.001). Using mesh fixation and larger meshes, it was possible to
significantly reduce the recurrence rate for larger medial hernias in this series (P = 0.046). This registry
study clearly confirms the need of mesh fixation for MIII inguinal hernias, as recommended by the
HerniaSurge Guidelines, but also for combined inguinal hernias and impressively demonstrates the
advantage of using larger implants for recurrence prevention.

CONCLUSIONS

The central question of fixation or non-fixation of mesh in laparo-endoscopic inguinal hernia management
can only be viewed and answered on a multifactorial basis. According to the existing literature, it is
recommended that mesh fixation should be performed in case of medial as well as combined inguinal
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hernias. The inversion of dilated parts of the transverse fascia in M III inguinal hernias to prevent the
formation of seroma and recurrence, as well as the implantation of larger meshes, also seems to be
preferable in this constellation. In contrast, the use of ultra-lightweight, large-pored meshes without mesh
fixation does not seem to be appropriate in this indication. For all other types of inguinal hernias, mesh
fixation can be omitted but always under the condition that all standards of laparo-endoscopic inguinal
hernia management are met.
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Abstract

Meningiomas of the tuberculum sellae, planum sphenoidale and olfactory groove region are relatively common.
Traditionally these meningiomas have been approached through several transcranial approaches. More recently,
keyhole approaches have been utilized with success even for large tumors. Endoscopic approaches are an
extension of this philosophy, which, in carefully selected patients, may be an excellent alternative, offering a direct
line of site from an endonasal approach without brain retraction. Furthermore, bilateral optic canal decompression
can be safely and effectively accomplished. We propose that a majority of tuberculum sellae and posterior planum
meningiomas may be removed via an endonasal approach, particularly those that are 3 cm or smaller in maximal
diameter with minimal lateral extension beyond the supraclinoid carotid arteries and with medial optic canal
invasion. A deepened sella is also a favorable factor for endonasal removal. In contrast, we propose that a minority
of olfactory groove meningiomas are ideal candidates for endoscopic trans-cribriform removal given the higher risk
of anosmia and cerebrospinal fluid leak via the nasal corridor. Instead, a majority of these tumors can be safely and
effectively removed via a transcranial keyhole approach, such as the supraorbital “eyebrow” craniotomy or
traditional pterional craniotomy with a higher rate of olfaction preservation.

Keywords: Meningioma, endoscopy, anterior skull base, tuberculum sellae, planum sphenoidale, olfactory groove,
optic canal decompression

INTRODUCTION

The era of endoscopic transsphenoidal surgery began in the late 1990s, bringing with it improvement of
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illumination, image quality, viewing angle and dexterity over previous microscopic approaches. Since then,
endonasal techniques have expanded into both sagittal and coronal planes, including the anterior skull
base"™. This region endoscopically is defined posteriorly by the tuberculum sellae, anteriorly by the
posterior table of the frontal sinus, and laterally by the junction of the lamina papyracea and the fovea
ethmoidalis. The major divisions from anterior to posterior are the cribriform plate, planum sphenoidale
and tuberculum sellae, all of which are accessible with the use of straight or angled endoscopes.

Anterior skull base meningiomas are relatively common, with tuberculum sellae/planum sphenoidale
representing approximately 5%-10% of all meningiomas, and olfactory groove 8%-13%"°. Tuberculum
sellae/planum sphenoidal meningiomas frequently exhibit growth patterns that displace the optic nerves
and chiasm posteriorly and/or superiorly. Optic canal invasion is present in approximately two thirds of
cases”. This growth pattern results in relatively early detection with small size. Olfactory groove
meningiomas, on the other hand, generally are much larger when at presentation due to initial lack of
critical mass effect on orbitofrontal cortex.

Traditionally, frontal fossa meningiomas have been approached through several transcranial approaches,
including frontal, bifrontal and pterional craniotomies. More recently, keyhole approaches, such as the
supraorbital craniotomy, have been utilized with success even for very large tumors">"". Endoscopic
approaches are an extension of this minimally invasive keyhole philosophy and, in carefully selected
patients, they may be an excellent alternative due to the midline location of these tumors, offering a direct
line of site from an endonasal approach without brain retraction*****. Furthermore, bilateral optic canal
decompression can be safely and effectively accomplished in patients with compressive optic neuropathy
from tumor extension into the medial optic canals"*"".

Here we describe both the transplanum/transtuberculum and transcribriform approaches for anterior skull
base meningiomas, including the indications, limitations and outcomes. We propose that a majority of
tuberculum sellae and posterior planum meningiomas can be removed with an endonasal approach given
the superior access to the medial optic canals. In contrast, only a minority of olfactory groove meningiomas
are ideal for the endonasal route given that the transcribriform approach will inevitably lead to anosmia in
the vast majority of patients. In fact, recent systematic reviews by Shetty et al."” and Yang et al."™ of studies
comparing transcranial and endoscopic approaches for tuberculum sellae/planum sphenoidale and olfactory
groove meningiomas, respectively, found that 39% of the former are performed endoscopically vs. only 19%
for the latter. We also emphasize that the supraorbital “eyebrow” craniotomy is an excellent and
complimentary alternative for anterior skull base meningiomas'"°..

TRANSPLANUM/TRANSTUBERCULUM APPROACH FOR TUBERCULUM & POSTERIOR

PLANUM MENINGIOMAS

Patient selection & surgical considerations

The optimal approach for symptomatic tuberculum sellae meningiomas remains controversial. While
conventional transcranial approaches are still widely used, minimally invasive “keyhole” approaches are
increasingly applied, but the ideal approach remains debated""'**””. We and others have used the
endoscopic endonasal approach and supraorbital “eyebrow” approach, depending on certain tumor
characteristics for over 15 years. In our initial experience addressing this topic published in 2009 and using
an endoscope-assisted method, we concluded the endonasal route was preferred for smaller meningiomas
that did not extend beyond the supraclinoid internal carotid arteries (ICAs), while larger tumors that
extended more laterally were appropriate for supraorbital removal™. During this time period, we
approached 75% of tuberculum sellae meningiomas by the supraorbital approach and 25% by an endoscope-
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assisted endonasal approach. Since 2009, we have transitioned to a fully endoscopic endonasal approach
while gaining more experience with the supraorbital route for parasellar tumors and have reversed the ratio
to 61% endoscopic endonasal and 39% supraorbital route!****",

There are several major advantages of the endonasal route. The natural nasal corridor provides a direct
trajectory to the tuberculum sellae and posterior planum, facilitating tumor removal with minimal brain
manipulation. The meningioma lies between the surgeon and critical structures such as the optic nerves,
optic chiasm and ICAs, thereby minimizing risk of iatrogenic injury. Medial optic canal decompression can
be safely and effectively performed when optic canal invasion is present. Devascularization is accomplished
early in surgery by interrupting the dural blood supply during the approach. Finally, adjacent hyperostotic
bone is readily removed en route to the meningioma.

When selecting patients for an endoscopic endonasal transplanum/transtuberculum approach, the
following factors are considered favorable: (1) smaller (< 3 cm), relatively midline tumors with minimal-to-
no lateral extension beyond the supraclinoid ICAs; (2) the majority of tumor below the planum; (3)
presence of tuberculum sellae hyperostosis; (4) relatively acute tuberculum angle (less than 135°); and (5)
unilateral or bilateral medial optic canal invasion [Figure 1]. The endonasal corridor has limited access
lateral to the supraclinoid ICAs, so gross total removal of larger tumors, or those with further lateral
extension, may not be possible. When the majority of the tumor lies below the level of the planum
sphenoidale, a portion of the tumor will often not be visible with a transcranial approach. In
contradistinction, the endonasal approach affords a direct view of the sella, enabling complete tumor
resection. This is especially true in the presence of a relatively acute tuberculum angle. Similarly,
hyperostosis of the tuberculum sellae may further limit visualization of the inferior aspect of the tumor in a
transcranial approach, so an endonasal approach should be favored when this feature is present. Finally,
optic canal invasion often occurs along the inferomedial aspect of the canal. Transcranial approaches are
limited in their ability to access this region on the ipsilateral side. However, bilateral optic canal
decompression is easily performed from an endonasal approach. Direct visualization of the tumor invading
the optic canals is obtained, enabling safe removal. In our experience, 71% of patients with vision deficits
experienced objective improvement after an endoscopic endonasal transplanum/transtuberculum approach
for meningioma, with no instances of vision worsening™.

In addition to the aforementioned factors, several important pre-operative considerations should be made.
The surgical goal must be clearly defined a prior. Vascular encasement should be identified, with a
consideration for subtotal resection or transcranial approach if present. Similarly, optic nerve encasement is
generally not conducive to achieving gross total resection. A conchal or presellar sphenoid sinus
pneumatization pattern may make identification of critical landmarks difficult. A medial course of the
cavernous, clinoid or supraclinoid segments of the ICAs may significantly limit the surgical corridor. The
endonasal approach creates a large dural defect requiring a robust skull base reconstruction, ideally with a
pedicled nasoseptal flap and multilayered reconstruction. Thus, careful planning is required for all patients,
particularly those at a high risk of cerebrospinal fluid (CSF) leak, such as patients with high body mass
index, uncontrolled diabetes, previous surgery and/or previous radiation therapy.

The goals of surgery for the endoscopic endonasal transplanum/transtuberculum approach for tuberculum
sellae meningiomas are: (1) maximal safe resection; (2) decompression of the optic apparatus when
applicable; (3) preservation and/or restoration of normal pituitary gland function; (4) effective
reconstruction of the skull base; and (5) avoidance of complications.
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Anatomical Factors Favoring Endonasal Approach:

. Majority of tumor below planum

. Tuberculum angle <135 degrees

. Minimal to no lateral extension beyond supraclinoidal ICAs
. Presence of hyperostotic tuberculum

. With or without medial optic canal invasion

“unhswWwNRE

Anatomical Factors Favoring Supraorbital Approach:

1. Majority of tumor above planum

2. Tuberculum angle >135 degrees

3. Larger tumor with lateral extension beyond supraclinoidal ICA
4. No medial optic canal invasion

Anatomical Factors for Either Endonasal or Supraorbital Approach:
1. Similar portion of tumor above and below planum
2. Minimal to no lateral extension beyond supraclinoid ICAs

A4

=
Medial optic canal i ion present:
Favor Endonasal

-4
Medial optic canal invasion absent:
Either Endonasal or Supraorbital

Figure 1. Algorithm for approaching tuberculum sella meningiomas with 4 possible scenarios. In A the endonasal route is preferred; in B
the supraorbital is favored, and in C either approach may be reasonable based on tumor location, parasellar anatomy and presence or
absence of optic canal invasion. Overall, a slight majority of these tumors are now approached by the endonasal given a high propensity
of tuberculum meningiomas to invade one or both medial optic canals. ICAs: Internal carotid arteries.

Pre-operative management

Patients considered for surgery should undergo a detailed history and neurological exam. This evaluation
should include assessments of mental status, cranial nerve function, visual acuity, visual fields, dilated
fundoscopic evaluation, optical coherence tomography, comprehensive endocrinological evaluation (if the
tumor encroaches on the sella) and endoscopic nasal examination. Thin slice CT is recommended to
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evaluate the relevant paranasal sinus and skull base bony anatomy, sphenoid sinus pneumatization pattern,
areas of dehiscence and presence of hyperostosis. MRI should be thoroughly examined for tumor origin,
extension, and localization critical structures in relation to the tumor such as the optic nerves and chiasm,
ICAs and their branches, pituitary gland and infundibulum. Either CT or MR angiography may be indicated
for tumors that encase the vasculature for the purposes of surgical planning [Figures 2-4].

Surgical technique

At our center, the endoscopic endonasal transplanum/transtuberculum approach is performed as a binostril
technique with a neurosurgeon and otolaryngologist working together throughout the majority of the
procedure. The operation is begun with a 4 mm 0° rigid high-definition endoscope, with 30° and 45°
endoscopes available for use later in the procedure. Surgeon ergonomics are addressed by positioning a
high-definition monitor directly in front of each surgeon. A third monitor for neuronavigation is placed
between the 2 high-definition monitors [Figure 5]. Surgical steps are detailed in Video 1.

Patient positioning

The patient is positioned supine with the head tilted toward the left shoulder and turned 20° to 30° toward
the right. For an approach to the planum sphenoidale/tuberculum sellae, 10° to 15° of extension is used and
the head is fixed in the three-point Mayfield cranial fixation system. Optical neuronavigation is registered
and leads for somatosensory evoked potential monitoring are placed. The right lower quadrant of the
abdomen is prepped for a fat graft harvest.

Nasal preparation and approach

The nasal cavity is prepared prior to beginning the approach by spraying oxymetazoline in both nares. The
face, perinasal area, and right lower abdominal area (for fat graft harvesting) are then prepped and draped
in a sterile fashion. We have recently implemented a nasal rinse with a betadine solution diluted 1:1 with
normal saline to minimize the risk of COVID-19 transmission.

The initial approach into the sphenoid sinus is performed by the otolaryngologist with the 0° endoscope.
Lidocaine 1% with 1:100,000 epinephrine is first injected into the middle turbinates and posterior nasal
septum bilaterally. Both inferior turbinates are first in-fractured then out-fractured. Similarly, the middle
turbinates are out-fractured, exposing the sphenoid ostia. Next, monopolar electrocautery with a curved
microtip is used to make a unilateral mucoperiosteal incision beginning immediately inferior to the
sphenoid ostium and extending to a point approximately 2 cm anteriorly, along the inferior vomer and
posterior nasal septum, before turning superiorly towards the olfactory groove [Figure 6]. The rescue flap is
elevated inferiorly and the septal olfactory strip above is elevated superiorly, preserving the olfactory fibers.
A nasoseptal flap is harvested on the contralateral side, ensuring the preservation of the septal olfactory strip
by using a similar mucoperiosteal incision that is carried laterally into the inferior meatus to harvest a
sufficiently wide flap. The nasoseptal flap is placed in the nasopharynx and kinking of the vascular pedicle is
avoided.

Next, a posterior septectomy is performed to connect the right and left nasal cavities. An attempt is made to
remove the bone in one piece to preserve the bone for skull base reconstruction. A wide sphenoidotomy is
then performed that extends lateral to the sphenoid ostia and generally to the floor of the sphenoid sinus
inferiorly and to the roof of the sphenoid/ethmoid junction superiorly. Using a 30° endoscope, the ethmoid
air cells are opened bilaterally to expose the laminae papyraceae and each septal olfactory strip is lateralized
along their respective fovea ethmoidalis. All mucosa of the sphenoid sinus is removed to facilitate adherence
of the nasoseptal flap at the conclusion of the procedure.
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Figure 2. A 52-year-old woman presented with progressive bilateral vision loss, right worse than left, over three years. (Top row) Pre-
operative imaging demonstrates a large tuberculum sellae/posterior planum meningioma with extension into the sella. Bilateral optic
canal invasion is seen, right more than left (red arrow). There is no supraclinoid carotid artery encasement, or lateral extension. The
pituitary infundibulum is displaced posteriorly. An endoscopic transtuberculum/transplanum approach was performed. (Bottom row)
Post-operative imaging shows gross total resection. Sagittal CT and MRI demonstrates nasal packing up (“M") to the bony buttress
(posterior nasal septum graft; blue arrow) with fat graft and collagen sponge in the resection cavity and a well-vascularized nasoseptal
flap is in place with pituitary gland and infundibulum enhancing normal. Within 2 weeks of surgery her visual field deficit resolved, and
visual acuity remained stable. See Video 1.

Figure 3. A 39-year-old man presented with progressive left eye vision loss over several months. Pre-operative imaging demonstrates a
large, calcified tuberculum sellae/planum meningioma with extension into the sella. Bilateral optic canal invasion is seen, left more than
right (red arrows). The left internal carotid artery is encased, with significant encroachment upon the right carotid artery. An endoscopic
transtuberculum/transplanum approach was performed without complication. Post-operative MRI demonstrates gross total resection. A
fat graft is in the resection cavity with a well-vascularized nasoseptal flap over a bony buttress (posterior nasal septum graft; blue
arrow). The pituitary gland and infundibulum enhance normally.

Bone removal

Once the sphenoid sinus has been entered, any bony septations are carefully removed using a rongeur or
high-speed drill with a 4 mm course diamond bit. Special attention is paid to lateral septations as they often
lead directly to the petrous and cavernous carotid arteries. Aggressive removal or torqueing of these
septations is avoided as such maneuvers can result in carotid artery laceration. At this stage, several
important landmarks should be identified using the 30° endoscope, including the optic and carotid
prominences, lateral opticocarotid recess (OCR; corresponding to the optic strut), medial OCR (delineating
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Figure 4. A 46-year-old woman presented with severe left eye vision loss and progressively worsening right eye vision, with a right
inferior field cut. She also had amenorrhea with mild hyperprolactinemia, presumably from stalk effect. Pre-operative imaging
demonstrates a large tuberculum sella meningioma with a severely displaced optic apparatus and left optic canal invasion (red arrow),
but no arterial encasement or lateral extension beyond the supraclinoid ICAs. The pituitary infundibulum is displaced posteriorly. An
endoscopic transtuberculum approach was performed with a gross total resection achieved. A sellar fat graft and well-vascularized
nasoseptal flap is seen overlying a bony buttress (posterior nasal septum graft; blue arrow) reinforced with nasal packing (“M"). The
pituitary gland and infundibulum enhance normally. The patient demonstrated marked improvement in visual acuity and visual fields and
her menses returned with normalization of serum prolactin.

the lateral aspect of the sella), clival recess, tuberculum sellae and planum sphenoidale. These structures
should be verified with neuronavigation and the micro-Doppler probe used to identify the ICAs. The bone
of the sellar face, tuberculum sella and the planum sphenoidale is then thinned with the drill to expose the
dura. Kerrison rongeurs are used to remove the thinned bone. The sagittal extent of exposure depends on
the size of the meningioma and should extend from the sella (but leaving an inferior lip or shelf of sellar
bone to aid in reconstruction) to just beyond the anterior edge of the tumor on the posterior planum. The
coronal exposure should be from medial OCR to medial OCR, with wide exposure of the planum
sphenoidale. If there is extension into one or both optic canals, these should be unroofed. A 3 mm hybrid
diamond bit with irrigating sheath is used and then once the proximal canal bone is “egg-shelled”, it is
further opened with a 1 mm Kerrison rongeur working in the proximal-to-distal direction.

Dural opening

Prior to dural opening, the location of the ICAs is precisely determined with a micro-Doppler probe and
surgical navigation. Next, the dural “footprint” of the tumor from just above the diaphragma sellae to its
anterior extend on the posterior planum is lightly cauterized with the bipolar for initial tumor
devascularization. The dura is then opened in rectangular fashion over the tumor epicenter with horizontal
dural cuts made along the top of the pituitary gland and just below the circular sinus (which is cauterized
and cut) and at the anterior tumor edge. The lateral dural cuts are then made and connected with the
supradiaphragmatic incision, and the dural window is removed.

Tumor removal

The meningioma is then internally debulked, typically with sharp dissection using microscissors, tumor
grasping forceps and the ultrasonic aspirator. Most meningiomas are too fibrous for use of ring curettes. We
generally begin mobilizing the tumor capsule from the adjacent arachnoid anteriorly as there are generally
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Figure 5. Diagram of the operating room setup for endoscopic endonasal surgery. The procedure involves an otolaryngologist and
neurosurgeon, both positioned on the patient's right side. Ergonomics are optimized by having an endoscope monitor positioned
directly in front of each surgeon as well as an arm rest for the otolaryngologist's left arm, holding the endoscope.

no critical structures in this location. Using sharp dissection and preserving the arachnoid planes, the tumor
capsule is methodically dissected away from the overlying frontal lobe. After the initial tumor debulking, it
is also helpful to identify the superior surface of the pituitary gland and infundibulum to avoid injuring
these structures. To achieve this view, the inferior pole of the tumor, which is often attached to the
diaphragma sellae, is detached and progressively removed. The infundibulum will lie posterior and inferior
to the tumor. The paired superior hypophyseal arteries and their branches going to the optic chiasm are also
preserved. Subsequently, the tumor pseudocapsule is gently pulled inward and arachnoid bands between the
tumor, optic apparatus and the superior hypophyseal arteries are cut sharply. The optic chiasm may be
markedly post-fixed (pushed posteriorly) or lifted superiorly and posteriorly. Progressive internal tumor
debulking will allow the optic chiasm and optic nerves to be progressively visualized. With further medial
mobilization and removal of the most lateral tumor capsule, the distal optic nerves will become visualized.
Frequent removal of freed tumor capsule is paramount to maintain optimal visualization of the optic
apparatus. The anterior cerebral arteries and branches should be anticipated, and their shifting location
confirmed frequently with the micro-Doppler probe as the tumor debulking progresses, given that
neuronavigation becomes less accurate after initial tumor removal and brain shift. If anterior cerebral artery
(ACA) branches or the supraclinoid ICA itself is partially encased by meningioma, it is often best to leave
small tumor remnants behind to avoid a major vascular injury and stroke, particularly in older patients and
those with cardiovascular disease.
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Anterior Ethmoid

Posterior Ethmoid

Sphenopalatine

Figure 6. Lateral view of the nasal septum depicting the mucosal cut made for elevating a nasoseptal flap (dashed line) during an
endoscopic transtuberculum/transplanum approach, preserving olfaction by sparing the septal olfactory strip above which contains the
olfactory nerve fibers. A rescue flap incision (solid line) is made on the other side, again aimed at preserving olfaction.

If there is meningioma growth into one or both optic canals, this tumor may be addressed once the majority
of the tumor has been resected. The bone of the medial aspect of the optic canal should be decompressed as
described above. Then, using a hook knife, the optic nerve sheath can be opened from medial to lateral once
the ophthalmic artery takeoff has been visualized infero-medially. A 45° endoscope may be helpful at this
stage to clearly visualize and achieve maximal tumor removal within the medial optic canals.

Skull base reconstruction

Once tumor removal is complete, the resection cavity is irrigated with warm saline and hemostasis is
achieved. By definition, a high flow, Grade 3 CSF leak will be present due to dural resection”". Sufficient
abdominal fat is harvested to fill the intracranial dead space, taking care not to recreate too much mass
effect on the optic apparatus. The fat is followed by an extradural layer of collagen sponge extending only 1-
2 mm beyond the bony edges of the surgical corridor; this placement allows maximal contact of the
nasoseptal flap with the bone around the defect. Ideally, harvested septal bone (or alternatively a synthetic
buttress) is carefully wedged from the inferior sellar lip to the antero-superior defect within the bony defect.
The nasoseptal flap is then rolled over the bony skull base defect with care being taken to ensure there is no
redundancy or folds in the flap. The flap should fully cover the defect and extend beyond its edges as far as
possible with maximal contact on the bone adjacent to the defect. Additional fat is placed over the flap
followed by an outer layer of collagen sponge and tissue glue. An additional layer of collagen sponge is
placed over the fat graft and then reinforced with unilateral or bilateral Merocel (Medtronic, Dublin,
Ireland) sponges placed under direct visualization. The patient remains on antibiotics for the 5 days while
the Merocel sponges remain in place and then are removed under direct visualization. While the optimal
duration of nasal packing is debated, based on our experience, 5 days appears to be sufficient to ensure
adherence of the reconstruction to the skull base". We have experienced no instances of sinonasal
infection. A nasogastric tube is briefly placed to empty the stomach contents to minimize the risk of post-
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operative emesis. Similarly, total intravenous anesthesia with propofol is used with a smooth emergence
from anesthesia to avoid post-operative emesis and “bucking” on the endotracheal tube during
extubation"”. In our experience, lumbar drainage is not necessary to ensure effective reconstruction.

Should a nasoseptal flap not be available, other vascularized flaps may be considered such as a pedicled
middle or inferior turbinate flap or pericranial flap tunneled through a nasionectomy™*. In cases with no
available vascularized options, multilayered avascular reconstructions with autologous fat, fascia lata and
synthetic materials reinforced with Merocel (Medtronic, Dublin, Ireland) sponges may be required,
although CSF leak rates tend to be higher compared to vascularized reconstruction techniques®.

An important aspect of skull base reconstruction to be stressed is to utilize a protocol based on the degree of
intra-operative CSF leak. Planning the reconstruction, including back-up options, prior to surgery and
adjusting as necessary based on intra-operative findings will help ensure a low post-operative CSF leak rate
of less than 5% and hopefully much lower, even for high-grade leaks encountered in anterior cranial fossa
surgery®'l.

Outcomes

Recent series have indicated overall excellent visual outcomes for tuberculum sellae meningiomas
approached by the endonasal route [Table 1]"*******], Yang et al."” performed a meta-analysis of studies
assessing the endonasal endoscopic route vs. transcranial approaches for tuberculum sellae meningiomas
and found higher rates of visual improvement (85.7% vs. 55.1%) in the endoscopic cohort with similar rates
of gross total resection (74.5% vs. 76.1%). CSF leak rates were significantly higher in the endoscopic cohorts
(8.6% vs. 2.1%), although we have recently published a CSF leak grading scale and recommended skull base
reconstruction protocol that has resulted in a CSF leak rate of only 2% (1 of 49 patients) of patients with
high flow (Grade 3) CSF leaks"'\. A recent meta-analysis has demonstrated a significant decrease in CSF leak
rate over time to 4% with the endoscopic endonasal approach, reported in the last 5 years'*.

In 2020, Youngerman et al.** published a resectability scoring system to predict gross total resection for
planum sphenoidale and tuberculum sellae meningiomas using the endoscopic endonasal route. One point
is assigned to each of the following: (1) prior surgery; (2) complete ICA encasement on more than 1 MRI
plane; and (3) lateral extension of the tumor beyond the lateral margin of either optic nerve. Using their
case series of 51 operations, they found that scores of 0, 1 and 2 were associated with gross total resection
rates of 97%, 54% and 12.5%, respectively. They found that tumor size, medial optic canal involvement,
brain edema and encasement of the anterior cerebral arteries were not predictive of gross total resection.

Complications

While endoscopic endonasal surgery places the tuberculum sellae/planum sphenoidale meningioma in
direct line of site, the surrounding critical structures may be at risk of iatrogenic injury as the tumor may be
quite adherent to these structures or encase them. Thorough pre-operative planning, in addition to the
diligent use of neuronavigation and micro-Doppler probe, is highly recommended to minimize risks of
complications. Injury to the ICA and ACA should be immediately investigated to find the bleeding site with
an attempt to repair with clip ligation, tamponade with muscle tissue or synthetic material, or sacrifice of
the parent vessel as deemed necessary. Once the bleeding has been stabilized, the procedure should be
aborted, and the patient is brought to the angiography suite for evaluation and treatment of arterial injury
and/or pseudoaneurysm formation. At our institution, we have implemented a “carotid injury timeout” in
conjunction with a standard operative timeout for high-risk procedures. Additional equipment is made
available in the room to deal with a major arterial injury, including essential instruments, backup
equipment, medications and crossmatched blood. The neuro-interventional team is notified prior to the
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Table 1. Demographics and outcomes for recent case series of endoscopic transsphenoidal/transplanum approach for tuberculum
and posterior planum meningiomas

Arterial ocC Vision P.° ?t-OP ...
Female . . vision GTR Complications Recurrence
Ref. Year N _, encasement invasion symptoms . o o o
(%) o o o improvement (%) (%) (%)
(%) (%) (%) o
(%)
Khan et al."?’ 2014 17 76 NR NR 82 64 65  CSFleak: 12 NR
Hypopituitarism:
6
Koutourousiou et al™ 2014 75 81 25 27 81 79 76 CSF leak: 25 5
Meningitis: 5
Vision loss: 4
Stroke: 1
Ottenhausen etal®® 2014 20 70 NR NR 85 82 80  CSFleak:10 10
Infection: 5
PE: 5
Hayhurst et al."*! 2016 10 70 NR 80 40 0 60  CSFleak: 0 NR
Linsler et al."" 2017 6 100 16 NR 50 67 83  CSFleak:0 16
Bander et al.!*®’ 2018 17 65 NR NR 88 67 82  CSFleak:12 NR
Elshazly et al.”® 2018 25 84 ACA: 12 68 80 88 76  CSFleak: 8 0
ICA: 32 Hematoma: 4
PE: 4
Kong et al.”*" 2018 84 76 NR 94 95 85 83  CSFleak:5 NR
Meningitis: 7
Vision loss: 5
Song et al.®”! 2018 44 NR 25 77 100 98 84  CSFleak:0 15
Meningitis: 3
Vision loss: 36
ICA injury: 3
Permanent DI: 3
Hypopituitarism:
5
Hematoma: 5
Zoli et al.”” 2018 42 NR NR NR VA: 67 VA: 68 83  CSFleak:19 5
VF: 57 VF: 75 Stroke: 2
Salek et al."*”! 2020 8 63 13 50 100 88 75  CSFleak: 25 13

ACA: Anterior cerebral artery; CSF: cerebrospinal fluid; DI: diabetes insipidus; GTR: gross total resection; ICA: internal cerebral artery; N: number;
NR: not reported; OC: optic canal; PE: pulmonary embolism; VA: visual acuity; VF: visual field.

operation.

Meticulous dissection of the optic nerves and chiasm, including careful preservation of small perforators to
the optic apparatus, including the superior hypophyseal arteries, is required to prevent post-operative vision
decline. Endoscopic endonasal series have reported worsening vision in up to 36%, with more recent series
reporting much lower rates of less than 5% [Table 1]"""1**2#2022455: CSF leaks from this approach are high
flow (Grade 3 leaks) requiring a robust reconstruction, ideally with a nasoseptal flap. As outlined above, we
have recently published our skull base reconstruction protocol which has resulted in a CSF leak rate of 2%
for high flow (Grade 3) leaks"".

Other complications include permanent post-operative anterior endocrinopathy or diabetes insipidus
(6.6%), intracranial hemorrhage (0.7%) and dysosmia (21.9%)"". Importantly, we utilize a nasoseptal flap
harvest technique that preserves the septal olfactory strips located in the superior portion of the nasal
septum, thus preserving olfaction in greater than 97% of patients'*.
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TRANSCRIBRIFORM APPROACH TO PLANUM & OLFACTORY GROOVE MENINGIOMAS
Patient selection & surgical considerations

The endoscopic endonasal transcribriform approach is an effective way to approach olfactory groove
meningiomas as it provides direct access to the anterior cranial fossa floor dura and the feeding arteries.
Other advantages over tradition transcranial trajectories include lack of brain retraction, increased
possibility of Simpson grade 1 resection and excellent visualization of surrounding critical structures.
However, loss of olfaction is virtually guaranteed in this approach due to disruption of the olfactory fibers
traversing the cribriform plate. Furthermore, the anatomical limitations are well defined, restricting the use
of this approach to a subset of patients with smaller olfactory meningiomas. The orbits limit access laterally,
although the lamina papyracea can be removed and gentle displacement of the periorbita provides access to
the midorbital sagittal plane. Tumor involvement superiorly along the posterior wall of the frontal sinus
becomes increasingly difficult to visualize and reach. Careful patient selection with thorough evaluation of
MRI and CT imaging is required when using this approach to maximize success.

At our center we utilize a supraorbital craniotomy for the great majority of olfactory groove meningiomas
as it allows olfaction to be preserved in most cases, with laterality determined by the side with more
olfactory nerve involvement to preserve the unaffected olfactory nerve. This approach requires minimal-to-
no brain retraction, and endoscopes with angled instruments are used in patients with a deep olfactory
groove to remove tumor not visualized with the microscope [Figure 7].

Surgical technique

Patient positioning, approach and bony exposure

The patient is positioned with the head in slight extension similar to the transplanum/transtuberculum
approach. The same nasal phase proceeds with harvesting a nasoseptal flap, sphenoidotomy and bilateral
ethmoidectomies. One of the middle turbinates is often removed to fully expose the fovea ethmoidalis on
either side. Bilateral mastoid antrostomies may be performed to aid in identification of each lamina
papyracea. With the use of a 30° endoscope, mucosa is removed from the superior aspect of the nasal
septum and the anterior skull base, and a superior septectomy is performed. With the cribriform plate
exposed, the lateral boundaries with the laminae papyraceae are identified, as well as the posterior boundary
with the planum sphenoidale. The anterior border with the posterior table of the frontal sinus is identified
through the completion of a Draf III procedure with removal of the frontal sinus floor and inferior portion
of the interfrontal septum. A prominent frontal beak may need to be removed.

After completely exposing the cribriform plate and each fovea ethmoidalis, the bone is thinned down with a
drill. The bony prominences overlying the anterior and posterior ethmoid arteries are identified, carefully
thinned and removed. The arteries are then coagulated and divided to avoid an orbital hematoma. A
craniectomy is then completed with the drill and Kerrison rongeurs, the boundaries of which are
determined by the access required for the meningioma and dural tail. Hyperostotic bone is removed. If
removal of the crista galli is required, it is carefully dissected from the falx cerebri.

Tumor removal and skull base reconstruction

Exposed dura of the anterior cranial fossa is thoroughly coagulated to disrupt blood flow to the
meningioma. Lateral incisions are made on each side, followed by an anterior incision with transection of
the falx. It is important to cut the falx in a posteroinferior direction to avoid injuring the superior sagittal
sinus. An emissary vein through the foramen cecum may be encountered. Finally, a posterior incision is
made. Similar to removal of tuberculum sella meningiomas, the tumor is then internally debulked and the
capsule gently dissected from the surrounding orbitofrontal cortex using standard microsurgical techniques.
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Figure 7. A 68-year-old female presented with progressive periorbital headaches with preserved olfaction. (Top Row) Pre-operative
imaging demonstrates an olfactory groove meningioma extending posteriorly to the anterior portion of the planum sphenoidale. The
lateral extent of the tumor is confined within the medial aspects of the orbits bilaterally. This tumor is therefore amenable to an
endoscopic endonasal transcribriform approach, however, to preserve olfaction we elected to approach this tumor through a left
supraorbital eyebrow craniotomy. (Bottom Row) Post-operative imaging demonstrates gross total removal of the meningioma. Top
right image shows a post-operative CT scan demonstrating the size of the supraorbital craniotomy. The endoscopic was used to ensure
removal of tumor within the depths of the olfactory groove. Axial FLAIR imaging demonstrates no retraction injury to the left frontal
lobe. Olfaction was preserved. An endoscopic endonasal trasnscribrifom approach would have guaranteed loss of olfaction and
therefore is not the optimal approach.

If there is encasement of the ACAs, early identification posteriorly provides proximal control, and as with
tuberculum sellae meningiomas, frequent use of the micro-Doppler probe to map the course of these
shifting arteries is recommended.

Effective skull base reconstruction is required due to the inevitable Grade 3 CSF leak and large skull base
defect. This reconstruction is performed similarly to the transplanum/transtuberculum approach with a
multilayered closure involving a fat graft to fill the dead space, collagen sponge, nasoseptal flap, solid bony
or synthetic buttress and tissue glue. A lumbar drain is not used in our practice"".

Outcomes

A recent systematic review found that gross total resection of olfactory groove meningiomas through an
endoscopic endonasal transcribriform approach was achieved in 69.5% of patients™. Comparison studies
have consistently reported higher rates of gross total resection with traditional transcranial approaches at
approximately 93%"*>*****!)_'While surgeon experience with the transcribriform approach leads to increased
rates of gross total resection, tumor size (greater than 4 cm), lateral extension beyond the midorbital line,
tumor calcifications, significant brain edema and neurovascular encasement limit success. Olfactory groove
meningiomas that extend posterior to the optic apparatus may cause visual symptoms, particularly when
optic canal invasion is present. In a recent systematic review by Shetty et al."”, 80.7% of patients with vision
symptoms experienced an improvement after endoscopic endonasal surgery, compared to 12.8% of
transcranial approaches. No vision deterioration was reported in the endonasal cohort. Similar to
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tuberculum sellae/planum sphenoidale meningiomas, transcranial approaches are limited in their ability to
visualize the inferomedial portion of the ipsilateral optic canal, where tumor invasion generally occurs.
Thus, we hypothesize that this discrepancy may be related to excessive manipulation of the optic apparatus
and/or insufficient decompression of tumor within the optic canal from above. An endonasal approach
provides direct access to the medial 180° of the optic canals, enabling the opportunity for effective
decompression and tumor removal. A summary of recent case series is presented in Table 2145572,

As mentioned previously, loss of olfaction (if not present pre-operatively) is virtually guaranteed with the
transcribriform approach due to disruption of the olfactory fibers. This sensory loss has been shown to have
a significant impact on quality of life®>*. While a unilateral transcribriform approach has been described to
preserve contralateral olfaction, the indications for this technique are highly specific and thus not applicable

[64]

to the vast majority of patients with olfactory groove meningiomas'®*..

Complications

Aside from loss of olfaction, CSF leak and meningitis are the most common complications. While the rate
has decreased with the use of nasoseptal flaps, it remains a challenge for large olfactory groove meningiomas
with rates of 26% to 30% in the largest series”**”. Regarding most transcranial approaches for olfactory
groove meningiomas, CSF leak rates have ranged from 8.4% to 10%, while we have recently reported a 1%
CSF leak rate with the supraorbital craniotomy approach"***. Other complications reported by
Koutourousiou ef al.*” include hydrocephalus in 6%, new onset seizures in 4%, meningitis in 2%, cerebral
abscess in 6%, and deep venous thrombosis/pulmonary embolism in 20%. A high complication rate is
thought to be attributed to the long operative time required for this approach.

CONCLUSION

Endoscopic endonasal approaches to anterior skull base meningiomas have evolved substantially and are
commonly used today at many centers. While the indications are still debated, several advantages exist for
the endoscopic route over traditional transcranial approaches, including the ability to remove hyperostotic
bone, obtaining direct access to the dura and feeding arteries, minimal brain manipulation, excellent
visualization with the endoscope, displacement of critical surrounding structures away from the surgical
corridor, and improved vision outcomes with medial optic canal decompression. In our experience and that
of others, a majority of tuberculum sellae and posterior planum meningiomas can be safely and effectively
removed through an endoscopic endonasal approach, although requisite experience, instrumentation and
careful selection of appropriate cases is essential to success. In contrast, a minority of olfactory groove
meningiomas are ideally approached from an endonasal route, particularly for those in whom olfaction is
already absent, and they do not extend too far laterally. Otherwise, a transcranial route may be most
appropriate.

Careful patient selection is paramount to success in removing these anterior skull base meningiomas as
there are several important anatomic limitations of the transnasal corridors that must be identified. With
modern skull base reconstruction techniques, CSF leak rates are low, particularly for the
transplanum/transtuberculum approach. Utilizing endoscopic endonasal routes alongside minimally
invasive transcranial approaches, such as the supraorbital keyhole craniotomy, meningiomas of the anterior
skull base may be treated effectively with excellent oncological, functional and cosmetic outcomes. Thus,
both the endoscopic endonasal and endoscope-assisted supraorbital route should be considered part of the
modern surgical armamentarium for these challenging skull base meningiomas.
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Table 2. Demographics and outcomes for recent case series of endoscopic transcribriform approach for olfactory groove
meningiomas

Arterial Vision Post-op vision ..
Female . GTR Complications Recurrence
Ref. Year N (%) encasement symptoms improvement %) (%) (%)
(%) (%) (%)

Khan et al."*?! 2014 6 100 NR 33 100 50  CSFleak:33 0

Koutourousiou et ™" 2014 50 64 NR 30 87 67  CSFleak: 30 2
PE/DVT: 20
Infection: 10
Vascular injury: 2

de Almeidaetal™ 2015 10 70 10 NR NR 70 CSFleak: 10 10
Meningitis: 10
MI: 10

Banu et al.””” 2016 6 100 0 17 100 50  CSFleak:17 33
Infection: 33
Hematoma: 33
Stroke: 17
PE/DVT: 17

Hayhurst et al."*! 2016 9 89 NR NR NR 89  CSFleak: 0 NR
Meningitis: 11

Liu et al.* 2018 5 80 0 NR NR 100 CSF leak: 20 20
Hematoma: 20

Zoli et al.*” 2018 8 NR NR NR NR 63  CSFleak:13 25

CSF: Cerebrospinal fluid; GTR: gross total resection; MI: myocardial infarction; N: number; NR: not reported; PE/DVT: pulmonary embolism/deep
venous thrombosis.
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Abstract

Inguinal hernias are a very common problem and the most common reason for primary care physicians to refer
patients for surgery. The diagnosis is usually made from history and physical examination and men are significantly
more likely to be affected than women. Most patients will present with a painful bulge in the groin, though up to a
third of patients will be asymptomatic at the time of diagnosis. Previously, it had been recommended that all
hernias be repaired surgically at the time of diagnosis to prevent the development of a hernia accident (bowel
obstruction or strangulation) that would require emergent surgery, which is associated with much higher morbidity
and mortality than an elective repair. However, several clinical trials have reported that risks of a hernia accident
are sufficiently low so that a “watchful waiting” (WW) approach for male patients who are asymptomatic or
minimally symptomatic is a safe management strategy. WW spares patients any risk of operative complications
related to their herniorrhaphy, perhaps the most significant of which is post-herniorrhaphy groin pain that has only
recently been appreciated as a significant issue. Although WW has now been proven to be safe in asymptomatic
males with an inguinal hernia, long-term results of randomized controlled trials have shown that most patients
initially managed with WW will eventually elect to have the hernia surgically repaired primarily due to increased
pain. The purpose of this article is to review the current evidence on watchful waiting for the management of
inguinal hernias.
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INTRODUCTION

Groin hernias are a very common problem with presentation ranging from patients who are completely
asymptomatic to those with the life-threatening complication of strangulation or bowel obstruction,
referred to as a hernia accident. Over 1.6 million hernias are diagnosed each year in the United States alone,
of which 500,000 are surgically repaired"’. Of the groin hernias in the United States, 96% are classified as
inguinal hernias and 4% are femoral®”. Men are significantly more likely to develop a groin hernia than
women; the lifetime risk of is 27% for men and 3% for women!. Two-thirds of patients will present with a
painful bulge in the groin and diagnosis is made primarily through history and physical examination with
imaging rarely required”’. Up to one third of inguinal hernia patients present asymptomatically without
pain or other factors that lead to impairment of daily functioning'*.

Management of inguinal hernias has evolved over time to improve quality of life and limit safety risk to the
patient. Historically, it was recommended that all patients presenting with an inguinal hernia have it
repaired surgically at the time of diagnosis due to the prevailing belief that the risk of a hernia accident
(bowel obstruction and/or strangulation) was significantly high enough to contraindicate watchful waiting
(WW). However, more recent evidence of WW has emerged that has shown that WW is a safe and
acceptable alternative to surgical repair for asymptomatic or minimally symptomatic inguinal hernia
patients. Avoiding operative repair in asymptomatic patients through a WW approach precludes any
potential development of pain related to the operation as well as the other standard risks associated with
major surgery (e.g., hemorrhage, infection, and recurrence). Post-herniorrhaphy groin pain has now come
to the forefront of issues facing groin hernia surgeons as some studies suggest that as many as 15% of
patients experience post-herniorrhaphy inguinal groin pain that affects their daily lives 6 months after the
operation®.

To date, three major clinical trials from North America, the United Kingdom and the Netherlands have
investigated outcomes after randomization of patients presenting with asymptomatic or minimally
symptomatic inguinal hernias to a WW approach vs. routine elective surgical repair'®. While all completed
trials support WW as a viable and safe approach for some patients in the initial treatment of inguinal hernia
management, long-term follow-up has found that most (approximately 70%) of patients who elect to forego
hernia repair will eventually be treated surgically due to worsening pain or lifestyle limitations from
progression of symptoms. The purpose of this article is to provide an overview of the current status of
watchful waiting as an option for initial inguinal hernia management and review the clinical evidence from
randomized controlled trials that led to the adaptation of WW as an acceptable alternative to an operative
approach.

WATCHFUL WAITING

The risks and benefits of WW as an approach for inguinal hernia management in patients who are
asymptomatic or mildly symptomatic were investigated in three randomized controlled trials from North
America, the UK, and the Netherlands. Asymptomatic or minimally symptomatic patients were defined as
those patients whose hernia-related discomfort did not limit activities of daily living and who did not
exhibit difficulty in manually reducing the hernia'. An important distinction is necessary to recognize in
the optimal management of hernias between men and women. Currently, the approach of WW is only an
appropriate strategy for men because women are significantly more likely to develop femoral hernias, which
are more prone to strangulation®. It is difficult to distinguish inguinal hernias from femoral hernias, so
surgical repair is reccommended for all nonpregnant women with groin hernias"*. Pregnant women with a
groin bulge which appears to be a hernia should be imaged with ultrasound to rule out round ligament
varicosities, a common cause of a groin bulge in a pregnant female, before surgery is considered"”..
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NORTH AMERICAN TRIAL

A randomized control trial with 720 men, 18 years of age or older with inguinal hernias who presented
asymptomatically or with minimal symptoms was completed in North America in 2006, showing WW as a
safe alternative to surgical repair'®. Patients were assigned to either a WW or a Lichtenstein repair approach
and followed to observe differences in development of a hernia accident between the two groups. Patients
were similar at baseline in terms of age, American Society of Anesthesiology classification, preexisting
conditions, hernia type, and hernia characteristics. At 2 years of follow-up, only 1 patient (0.3%) required
emergent surgery for an acute hernia incarceration and the patient was not found to have strangulation.
There was no difference in quality of life between the two groups at 2 years. Patients in the WW group
crossed over to the surgical repair group at a rate of 23%, most commonly due to pain, and were more likely
to do so if they had reported higher levels of pain at the start of the trial. At 4.5 years of follow-up, only one
additional patient in the WW group developed acute incarceration with bowel obstruction, for a total
surgical emergency rate of 1.8 per 1000 person-years at the end of the trial. Although this study clearly
showed that WW was a safe alternative to routine repair for minimally symptomatic males, subsequent
long-term follow-up at 10 years showed that 68% of patients originally in the WW group had crossed over
to surgical repair, mostly due to increased pain". The authors recommended that men with minimally
symptomatic inguinal hernias be informed that WW is a safe preliminary management choice to avoid
immediate operative intervention but most individuals will eventually undergo surgical repair if they live
long enough.

UNITED KINGDOM TRIAL

In this trial, 160 men aged 55 years or older with minimally symptomatic inguinal hernias were enrolled in a
single-center randomized controlled trial to investigate WW wvs. surgical repair’”. At one year of follow-up,
there were no significant differences in pain scores between the watchful waiting and surgical repair
cohorts, although the surgical repair group did report improvement in their perceived quality of life. The
crossover rate from WW to surgery was 29% at one year, with increasing pain and enlargement of the
hernia responsible for most cases of crossover. The incidence of serious events in the WW group was
minimal; one patient developed a hernia incarceration and two others experienced cardiovascular events
after crossover to the repair group. The authors hypothesized that the cardiovascular complications could
have been prevented had the patients undergone surgical repair at the start of the trial, but this has been
criticized by other authorities as highly speculative”. Similar to the North American Trial, long-term
follow-up disclosed a high crossover rate to surgery (72% at 7.5 years by Kaplan-Meier analysis),
demonstrating that for most patients who present with an inguinal hernia, surgical repair will eventually
become necessary!”..

NETHERLANDS TRIAL

In 2018, researchers in the Netherlands reported results from a multicenter randomized controlled trial to
determine the noninferiority of WW compared to elective hernia repair in 496 men aged 50 years or older
who presented with mildly symptomatic or asymptomatic inguinal hernias™. The primary outcome
measure was pain and discomfort at 2 years of follow-up using a 4-point pain/discomfort score which
ranged from no pain or discomfort to severe pain or discomfort due to the hernia while working, exercising
or performing any of a patient’s usual activities. Secondary endpoints included: health-related quality of life
as measured by the Short-Form 36 (SF-36) questionnaire, overall 3-year crossover rate in patients assigned
to watchful waiting, 3-year event-free survival between the 2 treatment groups, hernia complication
(incarceration or strangulation), ischemic orchitis, and recurrent hernia. The EuroQol-5D (EQ-5D)
questionnaire was also assessed at baseline, 3, 12, 24, and 36 months. The EQ-5D included a visual analog
scale (VAS) to rate overall health status on a scale of 0 (worst imaginable health state) to 100 (best
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imaginable health state). The patient pain/discomfort score was found to be 0.35 [95% confidence interval
(CI): 0.28-0.41)] in the elective repair group and 0.58 (95%CI: 0.52-0.64) in the WW group. The difference
of these means (MD) was - 0.23 (95%CI: 0.32-0.14), showing that a relevant difference in favor of elective
repair could not be ruled out. Ninety-nine patients (37.8%) crossed over from the WW cohort to surgical
repair, mostly due to worsening pain. Six patients (2.3%) underwent emergent surgery for strangulation or
incarceration but none suffered adverse sequelae such as the need for bowel resection after three years of
follow-up. The 3-year event-free survival was 80.9% in the surgical repair group and 77.2% in the WW
group. The cumulative incidence of patients with at least one or more events (recurrence, moderate to
severe pain, ischemic orchitis, hernia complications, etc.) in the surgery repair and WW groups was 17.5%
and 20.6%, respectively at three years. Although a statistically significant advantage for WW over routine
repair was not demonstrated, the authors concluded that when looking at the primary and secondary
endpoints as a whole, watchful waiting was a reasonable alternative compared with routine elective surgery
in male patients. Due to the recency of the trial’s completion, long-term analysis is not yet available.

SIMILARITIES BETWEEN TRIALS

Generally, all three trials reached the same conclusion: WW is a safe and appropriate strategy for initial
management of inguinal hernia in male patients who present with minimal or no symptoms. The previous
belief held by many surgeons that a significant proportion of patients not treated by surgical repair upon
presentation would suffer a hernia accident which would result in a significant increase in morbidity and
mortality was not supported. Few patients in the WW cohorts exhibited serious hernia accidents in short-
and long-term follow-up. Table 1 describes notable findings across all three clinical trials. The trials
concluded that potential future risk of a hernia accident should not contribute to an indication for surgical
repair. Instead, relief of symptoms such as pain and other issues related to improvement of quality of life
should be used as the metric to pursue surgical intervention. In the two studies with long-term results, the
rate of crossover from WW to surgical repair was high (approximately 70%) due mostly to development of
worsening pain.

Gong and colleagues recently performed a meta-analysis which included the short- and long-term follow-
up data from the North American, UK, and Netherlands trials"*. Patients who underwent surgical repair
reported significantly less pain with movement at a minimum of 12-month follow-up. However, there was
no significant difference in the physical component score, mortality, surgical complications, or post-
operative hernia recurrence between the WW and surgical repair groups. The meta-analysis confirmed that
most patients will undergo an elective hernia repair operation within 10 years of presentation. Regardless,
due to the low incidence of hernia accidents, the meta-analysis concluded that WW is a safe and acceptable
option in short-term management of inguinal hernias in men. The authors also noted that WW provides a
delay in surgery if desired but does not prevent relatively inevitable repair. Similar conclusions were reached
by Reistrup" and colleagues who recently published a systematic review of randomized and
nonrandomized RCTs investigating watchful waiting.

TRIAL LIMITATIONS

Similar limitations were exhibited by all three clinical trials: generalizability, sample size, and length of
follow-up. Most trial participants were white males, limiting extrapolation to patients of differing races and
sexes. The authors of all trials reported that recruiting patients was difficult with only 45% and 69% of
eligible patients agreeing to randomization in the North American and UK trials, respectively.

Additionally, it is important to note that clinical trials in low- and middle income countries are currently
lacking. All trials completed to date are from high income countries, despite evidence that most hernias



McBee et al. Mini-invasive Surg 2021;5:18 | https://dx.doi.org/10.20517/2574-1225.2021.08 Page 5 of 6

Table 1. Comparison of Watchful Waiting Randomized Controlled Trials

Samble Short-Term Long-Term

Trial Location Sizep Age Follow-up  Crossover  Hernia Follow-u Crossover  Hernia

P rate Accidents P rate Accidents
North American 720 218 (mean 3.2 years, 23% at 2 years 0.6% (n=2) 1.5 years 68% at 10 1.2% (n=3)
Trial 58) mean (max) years
United Kingdom 160 >55 (mean 1.6 years, 29% 13% (n=1) 7.5 years 72% at7.5 2.5% (n=2)
Trial 70) median (median) years
Netherlands Trial 496 >50 (mean 3years 38% 2.3% (n=6) NA NA NA

65)

worldwide occur in low-income countries and present at a later stage compared to those in developed
countries. For example, in Guatemala one study suggested that as many as 25% of hernia cases may present
at an emergent stage and that patient-related issues (i.e., lack of transport and follow-up) contribute greatly
to significant delays in treatment"®. Thus, clinical trials completed in developed countries may fail to
capture the total impact of hernia-related disease burden on patients in low-income countries.

CONCLUSION

Watchful waiting is a safe and appropriate early management strategy for male patients who present with
asymptomatic or minimally symptomatic inguinal hernias. The risk of serious incarceration or
strangulation is sufficiently low with an approach of watchful waiting. However, patients need to be
informed that they will more likely elect to undergo surgical repair within a decade of diagnosis due to
worsening pain. By delaying surgical intervention in patients with fewer or no complaints of pain, specific
surgical complications such as post-herniorrhaphy inguinal groin pain that affect a minority of patients as
well as the other common risks of surgery can be avoided, keeping in mind the overall incidences of pain in
both the WW and surgical groups are the same. Our article has summarized the evidence obtained by three
clinical trials in North America, the UK, and the Netherlands that support pursuing a watchful waiting
strategy. We acknowledge that there is a concern on the part of some surgeons that patients will develop
comorbidities with a WW approach, which may result in making these patients poor operative candidates.
However, with the exception of a small number of patients from the UK trial who experienced
cardiovascular symptoms, the majority of data from most trials do not support this notion. It is important
to emphasize that these data apply only to males and that WW should not be extrapolated to females
because the natural history of femoral hernias is different for males. Routine elective repair is still
recommended in females.
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Abstract

Aim: We investigated the impact of the anastomotic method in the frame of open abdominothoracic esophageal
resection (hand-sewn vs. stapler anastomosis) in patients with carcinoma submitted to surgery in the University
Clinic of Saarland over a 14-year period.

Methods: In total, 176 patients underwent an abdominothoracic resection with intrathoracic anastomosis and
conventional gastric conduit formation; two groups of patients were analyzed: end-to-end, hand-sewn anastomosis
(Group 1) and end-to-side, circular stapler anastomosis (Group 2). Both groups were compared regarding
anastomotic leaks and strictures, postoperative morbidity, 90-day mortality and survival.

Results: The rates of anastomotic leak and stricture in the stapler group were reduced in comparison to hand-sewn
group, however without reaching statistical significance (8% vs. 13.5%, P = 0.22, and 6% vs. 13.5%, P = 0.1,
respectively). In contrast, the rates of redo surgery (34.1% vs. 8%, P = 0.001) and 90-day mortality (11.9% vs. 2%,
P =0.02) were significantly higher in the hand-sewn anastomosis group.

Conclusion: The management of anastomotic leak (stent insertion vs. reoperation) combined with the use of
stapler to perform intrathoracic esophagogastric anastomosis improved the postoperative outcome after
abdominothoracic esophageal resection.
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INTRODUCTION

Esophageal cancer is a severe disease with poor prognosis. The reconstruction of alimentary tract after
esophageal resection remains a challenge, with anastomotic leak being a main reason for major
postoperative morbidity after abdominothoracic esophagectomy. The incidence of anastomotic leak varies
from 0% to 24%", leading to higher rates of postoperative morbidity and mortality"”. Various factors have
been suggested to promote anastomotic leak, including patient-related characteristics'®”, perioperative
factors™ and surgical technique (undo tension on the anastomosis, technical failures, adequacy of blood
supply of both organs at the connection site” and location of the esophagogastric anastomosis"”).
Controversy remains about the optimal location of esophagogastric anastomosis (intrathoracic vs. cervical).
Intrathoracic esophagogastric anastomosis has been associated with lower anastomotic leak rate, lower rate
of recurrent nerve paresis and shorter hospital stay than a cervical anastomosis'®'®'". However, three
randomized controlled trials could not show statistical difference in anastomotic leak rate between
intrathoracic and cervical location"*"*. Advantages of cervical anastomosis include wider oncologic
resection margin and less devastating complications compared with intrathoracic anastomosis (risk of
mediastinitis and esophagobronchial fistula). A potential solution to manage the challenge of intrathoracic
esophagogastric anastomosis could be the use of a stapler device to perform the anastomosis; therefore, we
focused on this topic of paramount importance in the present study. Since the first use of stapler
anastomosis in 1979"7, there have been several reports supporting its use in order to reduce the rate of
anastomotic leak"*'"”. Further technical variations, including the use of linear stapler to perform semi-
mechanical intrathorac