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Abstract
Aim: To define the outcome of robot-assisted spleen preserving distal pancreatectomy (RA-SPDP) in a high-
volume center.

Methods: A retrospective analysis of a prospectively maintained database was performed to identify RA-SPDP 
performed at our Center between April 2008 to October 2017. 

Results: During the study period, RA-SPDP was attempted in 54 patients. The spleen was preserved, always 
along with the splenic vessels (Kimura procedure), in 52 patients (96.3%). There were no conversions to open 
or laparoscopic surgery. Mean operative time was 260 min (231.3-360.0). Grade B post-operative pancreatic 
fistula (POPF) occurred in 19 patients (35.2%). There were no grade C POPF. Two patients required repeat surgery 
because of postoperative bleeding and splenic infarction, respectively. There were no post-operative deaths at 
90 days. Excluding one patient with known diagnosis of metastasis from renal cell carcinoma, malignancy was 
eventually identified in 7 of 53 patients (13.2%).

Conclusion: In the hands of dedicated pancreatic surgeons, robotic assistance results in a high rate of spleen 
preservation with good clinical outcomes. Despite careful preoperative selection, several patients can be found to 



have a malignant tumor. Taken altogether these results suggest that patients requiring these procedures should be 
preferentially referred to specialized centers.
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INTRODUCTION
Based on current evidence, and recommendations, a minimally invasive approach should be offered to 
patients with benign or borderline tumors located in the body-tail of the pancreas[1]. Actually, in recent 
years, distal pancreatectomy gained so much popularity as to be considered the “standard of care” by some 
authors for resectable pancreatic tumors located in the distal part of the pancreas[2].

Little doubt exists that the spleen should be preserved, whenever oncologically indicated and anatomically 
possible, to reduce the rate of infective[3-5] and thromboembolic complications[5,6], and to improve blood 
supply to the proximal part of the stomach[7]. During distal pancreatectomy the spleen can be preserved 
along with the splenic vessels (Kimura technique)[8] or with en-bloc removal of the splenic vessels (Warshaw 
technique)[9]. 

The da Vinci Surgical System® (Intuitive Surgical Inc. Sunnyvale, CA, USA) is a telemanipulator that 
faithfully transmits the movements of surgeon’s hands to the miniaturized tips of intracorporeal 
instruments with seven degrees of freedom[10]. Thanks to this tremendous technological improvement, as 
well as to some other advances, the da Vinci robot was shown to improve surgical dexterity in minimally 
invasive procedures[11]. Based on this background the use of the da Vinci robot seems to be particularly 
rewarding when the spleen and the splenic vessels must be preserved during distal pancreatectomy. We 
herein present our series of robot-assisted spleen preserving distal pancreatectomy (RA-SPDP).

METHODS
A retrospective analysis of a prospectively maintained database was performed to identify patients who 
were selected for RA-SPDP and received this procedure between April 2008 to July 2019 at a single 
Institution (Division of General and Transplant Surgery, University of Pisa). Data were collected and 
analyzed according to the Strengthening the Reporting of Observational studies in Epidemiology guidelines 
for observational studies[12].

Patient selection
Indications to distal pancreatectomy with spleen preservation was established by a multidisciplinary 
team, annually managing several hundreds of patients with pancreatic diseases. Distal pancreatectomy 
with spleen preservation was considered in patients with benign tumors causing symptoms or in patients 
with tumors of low malignant potential located in the body-tail of the pancreas. A minimally invasive 
approach was considered in each patient unless obviously impossible. A robotic approach was considered 
whenever the robot was timely available. Alternatively, patients received a laparoscopic procedure. 
Absolute contraindications to RA-SPDP were thrombosis of the splenic vein, tumors size exceeding 15 cm, 
concurrent splenic disease, and concerns on tumor type.

All patients underwent standard preoperative work-up and were assigned to one of the risk categories 
defined by the American Society of Anesthesia[13]. Pancreatic tumors were studied extensively using a 
combination of laboratory and imaging studies as required by the individual case until a final diagnosis 
was agreed upon by a group of experts, including surgeons, oncologists, and radiologists. Endoscopic 
ultrasound, with fine needle aspiration cytology or biopsy, was also employed as required. 
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Surgical technique
Patients were placed supine on an operating table equipped with a thermic blanket with the legs parted 
(French position). Intermittent pneumatic compression cuffs were placed around the legs and patients 
were secured to the operating table with wide bandings. The table was oriented in reverse Trendelenburg 
position (15°-20°) and tilted to patient’s right side (5°-8°). The patient was then prepped to widely expose 
the abdomen and a pneumoperitoneum was created and maintained at 10 mmHg. A total of five ports 
were used: four robotic ports of 8 mm in size and one laparoscopic port of 12 mm in size (to be used by 
the assistant at the table and accepting an endoscopic stapler), with the da Vinci Xi; three robotic ports 
of 8 mm in size, one laparoscopic port of 11 mm in size (for the robotic camera) and one laparoscopic 
port of 12 mm in size, with the da Vinci Si. The optic port was placed just above or below the umbilicus, 
depending on individual abdominal configuration. The 12 mm port was placed along the right pararectal 
line[14,15] [Figure1].

The procedure started by opening the reflection of colon and omentum and mobilizing the left colonic 
flexure. Next, the peritoneum along the inferior margin of the pancreas was incised and the body-tail of the 
pancreas was mobilized on the posterior plane. The splenic vein was identified close to the inferior border 
of the body of the pancreas and clearly visualized before proceeding with further dissections. The common 
hepatic artery was identified next, as it provided a key landmark for safe division of the pancreas once 
a tunnel was created behind the pancreatic neck. The origin of the splenic artery was also conveniently 
identified ad encircled with a vessel loop for clear visualization during further dissections and to be 
available for crossclamping in case of bleeding. The pancreatic neck was divided using either an endoscopic 
stapler or a combination of dissection devices (with selective ligature of the pancreatic duct and subsequent 
oversewing of the pancreatic stump). With the splenic vessels in clear view dissection proceeded medial to 
lateral. Small vein branches were fixed by either energy devices or ligature. Small splenic arteries were all 
ligated or suture-ligated. Although systematic lymphadenectomy was not performed, lymph nodes around 
the splenic vessels were removed to permit prognostic stratification in case of unexpected post-operative 
diagnosis of a malignant tumor. At the end of the procedure the round ligament was mobilized and placed 
to cover naked vessels close to the pancreatic stump. A drain was left near the pancreatic stump[16].
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Figure 1. Ports placement. A: ports placement for the robotic system da Vinci Xi; B: ports placement for the robotic system da Vinci Si. 
RA: robotic arm; A: laparoscopic assistant port; OP: optic port



When the splenic vessels could not be preserved, or were injured during dissection, before taking the 
decision to proceed with a Warshaw procedure or with splenectomy, resection and reconstruction or repair 
were taken into consideration.

Outcome measures
All post-operative events were recorded and classified according to standard outcome metrics[17-19]. Post-
operative pancreatic fistula (POPF) was considered clinically relevant when graded B or C according 
to the definition of the international study group (ISGPF)[17]. Complications graded ≥ III in the Dindo-
Clavien classification were considered severe[20]. The overall burden of complications was denied using 
the comprehensive complication index[21]. Post-operative mortality was considered as any death occurring 
during the first 90 days after surgery or during the initial hospital stay if longer.

RESULTS
During the study period 54 patients were selected for possible RA-SPDP. The baseline characteristics of 
these patients are summarized in Table 1.

There was no conversion to open or laparoscopic surgery. The spleen and the splenic vessels were preserved 
in 52 of 54 patients scheduled for RA-SPDP (96.3%). In three patients the splenic vessels had to be 
reconstructed to avoid a Warshaw procedure or a splenectomy. There were two elective reconstructions, 
caused by difficult detachment of the splenic vessels from the tumor, and one urgent reconstruction due 
to injury to the splenic vein. Overall, one splenic artery was reconstructed by end-to-end anastomosis and 
two splenic veins were reconstructed using an autologous interposition graft. A summary of intraoperative 
outcome measures is provided in Table 2.

A summary of the main post-operative outcome measures is provided in Table 3.

Some results are worth to be noted. First, only two patients developed severe post-operative complications. 
Both required repeat surgery to address bleeding and splenic infraction, respectively. The first patient was 

Study population
Number of patients (%) 54 (100%)
Median age, years (IQR) 60 (46.5-66)
Gender, male (%) 14 (25.9%)
Median BMI, kg/m2 (IQR) 24.1 (21.6-26.3)
Comorbidity (%) 33 (61.1%)
Pre-operative symptoms (%) 20 (37.3%)
Prior abdominal surgery (%) 28 (51.8%)
Median ASA score (IQR) 2 (2-3)

Table 1. Baseline characteristics of 54 candidates for RA-SPDP

Table 2. Intra-operative outcome measures

BMI: body mass index; ASA: American Society of Anesthesiologists

Result
Median operative time, min (IQR) 260 (231.3-360)
Median estimated blood loss, mL (IQR) 150 (100-150)
Patients receiving blood transfusion, n  (%) 4 (7.4%)
Median number of blood units transfused per patient (IQR) 1 (1-1)
Conversion, n  (%) 0 (0%)
Pancreatic stump closure: stapled, n  (%) 6 (11.1%)
Pancreatic stump closure: oversewn, n  (%) 48 (88.9%)
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re-operated during the initial hospital stay, the bleeding was controlled, and the spleen was preserved. The 
second patient was re-operated at the time of hospital readmission. Overall, the median Comprehensive 
Complication Index was 20.9 (IQR: 0-20.9). Second, there were no grade C POPF, despite grade B POPF 
was observed in 19 patients (35.2%). Third, four patients were readmitted (7.4%).

Tumor types are reported in Table 4. 

Median tumor size was 26 mm IQR: (20-40). Excluding a patient with known diagnosis of metastasis from 
renal cell carcinoma, 53 patients were scheduled for RA-SPDP for tumors presumed to be benign, or not 
overtly malignant. Malignancy was instead discovered in 7 patients (13.2%) [Table 5]. 

There were no cases of margin positivity (at 1 mm), in the group of patients with malignant tumors, and 
the mean number of examined lymph nodes was 13.2 ± 12.3. Lymph nodes were positive in 3 patients 
with neuroendocrine cancer. Among a group of 10 patients with intraductal mucinous papillary tumors 
(IPMN) and worrisome features[22], two were found to be overtly malignant and of pancreatobiliary type. 
In one of these patients the tumor was in-situ. In the other patient showed focal infiltration of pancreatic 
parenchyma (T1). This patient was re-operated three months after the initial surgery to receive splenectomy 
and completion of the procedure according to oncologic principles. Repeat surgery was performed again 
using a robotic approach. Additional tissues removed showed no residual malignant growths either in the 
segment pancreatic body left behind at the initial surgery or in 22 retrieved lymph nodes.

After a mean follow-up period of 48.6 ± 30.6 months no patient developed evidence of either tumor 
recurrence (for those with a malignant histology) or splenic vein thrombosis (excluding the patient who 
required splenectomy due to splenic infarction).

Result
Median length of hospital stay (days) (IQR) 10 (8-13)
Median CCI, n  (IQR) 20.9 (0-20.9)
Postoperative complications, n  (%)

Clavien-Dindo Grade 0 21 (38.9%)
Clavien-Dindo Grade I-II 32 (59.3%)
Clavien-Dindo Grade III-IV 1 (1.8%)

Post-operative blood transfusions, n  (%) 5 (9.2%)
POPF, n  (%) 27 (50%)

Grade BL, n  (%) 8 (14.8%)
Grade B, n  (%) 19 (35.2%)
Grade C, n  (%) 0

Clinically relevant POPF, n  (%) 19 (35.2%)
PPH, n  (%) 1 (1.8%)

Grade A, n  (%) 0
Grade B, n  (%) 1 (1.8%)
Grade C, n  (%) 0

DGE, n  (%) 3 (5.5%)
Grade A, n  (%) 1 (1.8%)
Grade B, n  (%) 2 (3.7%)
Grade C, n  (%) 0

Reoperation, n  (%) 2 (3.7%)
Readmission, n  (%) 4 (7.4%)

Table 3. Post-operative outcome measures

CCI: comprehensive complication index; POPF: postoperative pancreatic fistula; DGE: Delayed 
gastric emptying; PPH: post-pancreatectomy hemorrage
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DISCUSSION
Minimally invasive distal pancreatectomy is gaining momentum[23]. The technique for minimally 
invasive distal pancreatectomy is indeed less demanding than the one required for minimally invasive 
pancreatoduodenectomy, so that virtually all pancreatic pancreatic surgeons, and most general surgeons, 
can perform this procedure safely in the absence of hostile anatomy and/or advanced tumor stage. However, 
minimally invasive distal pancreatectomy is a quite rare operation, even at high volume centers[24], requiring 
careful patient selection[25] and the ability to fully master minimally invasive techniques[26]. Patient selection 
is required to avoid either unnecessary procedures in patients with benign lesions with limited risk of 
malignant degeneration[27], or to plan the most appropriate therapeutic strategy for patients with pancreatic 
cancer[28]. Mastering of surgical technique is required to adapt the procedure to tumor type, and to face 
complex intraoperative scenarios that are sometimes unexpected. Minimally invasive spleen preserving 
distal pancreatectomy is the perfect example of this paradigm as it requires both extra careful patient 
selection and fine surgical technique. The robot, in competent hands, is a useful tool to improve surgical 
precision and maximize the rate of spleen preservation. However, it cannot surrogate for competency and 
basic surgical technique. Preservation of the spleen along with the splenic vessels requires fine dissection 
and the ability to safely manage small pancreatic vessels. The learning curve for this procedure has not 
been defined but is expected to be longer than the one reported for distal pancreatectomy with en-bloc 
splenectomy[15]. So far, unfortunately, there is also no validated program for systematic training of novices. 
While International Societies are working on these programs, background experience with other robotic 
procedures, video review, procedure observation, on-site proctoring (possibly using the dual console), and 
careful selection of patients are all believe to be important to permit safe implementation of a program for 
RA-SPDP.

Tumor types Number (%)
IPMN, n  (%) 10 (18.5%)
Malignant-IPMN, n  (%) 2 (3.7%)
MCN, n  (%) 10 (18.5%)
Malignant-MCN, n  (%) 1 (1.8%)
SCA, n  (%) 17 (31.5%)
RCC metastases, n  (%) 1 (1.8%)
NET, n  (%) 9 (16.6%)
NEC, n  (%) 4 (7.4%)

Table 4. Histology of resected pancreatic tumors

Table 5. Detailed histology of malignancies

IPMN: intraductal papillary mucinous neoplasm; MCN: mucinous cystoadenoma; SCA: serous 
cystoadenoma; RCC: renal cell carcinoma; NET: neuroendocrine tumor; NEC: neuroendocrine carcinoma

IPMN: intraductal papillary mucinous neoplasm; MCN: mucinous cystoadenoma; NEC: neuroendocrine carcinoma

Tumor types Histotype T n Grading Ki67 (%)
Malignant-IPMN

Branch duct Pancreatobiliary, with foci of invasive adenocarcinoma 1 0 - -
Branch duct Pancreatobiliary, with in-situ  adenocarcinoma - - - -

Malignant-MCN
In-situ  cystoadenocarcinoma - - - -

NEC
1 - 3 1 1 1
2 - 3 1 2 5
3 - 2 0 2 8
4 - 2 1 2 7
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Our series confirms that RA-SPDP is feasible in most patients, when selected appropriately, with a high 
probability of spleen preservation and a low incidence of severe complications. Admittedly, we have 
approximately 20 years of experience in minimally invasive distal pancreatectomy[29], we have performed 
approximately 400 robotic pancreatectomies, and we treat hundreds of new patients each year with surgical 
diseases of the pancreas and the periampullary region.

While robotic assistance is certainly associated with increased costs and longer operative times[30-32], there 
is no doubt that the use of da Vinci Surgical System enhances surgeon’s ability to preserve the spleen 
during distal pancreatectomy[33,34]. In this respect we believe that the robot is particularly useful when the 
Kimura technique is adopted as it allows safe dissection and preservation of splenic vessels. Although the 
Warshaw procedure can be considered when the splenic vessels cannot be preserved, the overall results of 
this operation are inferior to those of the Kimura procedure[35] making preservation of the splenic vessels 
preferable, whenever feasible. In this respect our experience is quite unique as we had never to adopt the 
Warshaw procedure, that was instead adopted in 28% to 50% of the patients in other robotic series[36,37].

We have previously reported that in our hands the risk of unintentional resection of a serous cystadenoma 
not causing symptoms was 2.1%[38].

We wish here to underscore that asymptomatic patients with a known diagnosis of serous cystadenoma 
should not undergo resection regardless of the size of the tumor. We wish also to emphasize that availability 
of robotic technology and ability to perform a minimally invasive procedure sparing the spleen is not a 
reason to expand indications to resection. The seemingly high rate of resected serous cystadenomas should 
therefore be read in the light of the high selection applied to patients reported herein to include only 
patients with presumably benign tumors. If the same figures were put in the context of our general activity, 
the rate of resected serous cystadenomas would not exceed 5%.

Our results underscore the importance of patients’ selection, not only from the perspective of spleen 
preservation but also, and perhaps even more importantly, because of the risk of missed malignancy. In our 
series we found that tumors initially thought to be pre-malignant were instead already overtly malignant 
in 7 patients (13.2%). Some of these tumors were either in situ or low-grade, so that RA-SPDP could be 
adequate anyway. On the other hand, we had a case of invasive pancreaticobiliary IPMN and four cases 
of neuroendocrine carcinoma with lymph nodes metastasis. In these patients the oncologic issue is not to 
have left the spleen behind, but having spared the splenic vessels and, possibly, having not performed an 
adequate lymphadenectomy. Indeed, spleen preservation, but using the Warshaw technique, was recently 
proposed even for pancreatic cancer considering that lymph node metastasis in the splenic hilum are 
exceedingly rare[39]. Sparing the splenic vessels, instead, could leave behind microscopic tumor residual (R1 
resection). Although this was not the case in our series, even at the level of vascular beds, the risk is real. 
Our policy of systematic lymph node clearance around splenic vessels permitted to have a clearer picture of 
the tumor stage, so that we could decide how to manage these cases based on sound data. However, if the 
malignant tumor is in the body of the pancreas, several lymph node stations are not cleared (such as station 
number 9) that could harbor metastatic lymph nodes.

In this series we have rarely employed a stapler to divide the pancreas. We have rather preferred to divide 
the gland sharply while identifying and ligating selectively the pancreatic duct. There is no agreement on 
the ideal technique for pancreatic transection and closure during distal pancreatectomy[1]. During the first 
part of our experience, after sharp division of the pancreas the duct was selectively ligated, and the stump 
closed with interrupted sutures. Later, thanks to the availability of robotized laparoscopic staplers (namely 
the SigniaTM power handle and the iDriveTM - Minneapolis, Medtronic, Covidien) we converted to the use 
of these devices. The stapler was handled and fired by the assistant at the table. The size of the cartridge 
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was decided based on the thickness of the pancreatic parenchyma. In most patients a purple cartridge 
reinforced with a bioabsorbable line reinforcement.

Robotic assistance allows to do this as easily as in open surgery, especially when the pancreatic body is 
partially spared and the pancreas is not divided at the neck, where the stapler should be ideally applied 
to achieve the best results. While in malignant tumors there is no good reason to spare a portion of the 
pancreatic body, in benign or pre-malignant tumors parenchymal sparing distal pancreatectomy can be 
conveniently adopted to reduce the metabolic and digestive consequences of partial pancreatectomy. The 
literature shows that incidence and severity of POPF are similar irrespective of which surgical technique 
is used[40]. Therefore, it is not surprising that robotic assistance does not reduce the occurrence of this 
complication. 

In conclusion, robotic assistance, although not essential, is important to maximize the probability of spleen 
preservation along with the splenic vessels. RA-SPDP is also associated with a low conversion rate and a 
limited incidence of severe post-operative complications.
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