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Background: Robotic distal pancreatectomy (RDP) has become widely applied in the treatment of tumors
of the pancreatic body and tail. This study aimed to evaluate the clinical outcomes of RDP in a high-volume
robotic center.

Methods: All patients, who underwent RDP in our department from November 2011 to August 2016,
were identified through electronic databases. Their baseline characteristics and perioperative outcomes were
analyzed.

Results: A total of 210 patients (74 men and 136 women; mean age, 48.3+15.4 years) were included in
the study. The mean largest tumor diameter was 2.5 cm. The mean operative time was 159.8 minutes, and
the median estimated blood loss (EBL) was 161.2+262.2 mL. Ten (4.8%) patients required conversion to
laparotomy or blood transfusion. Postoperative morbidities occurred in 34 patients (16.2%). The spleen
(SP) and splenic vessels preservation (SVP) rates in patients without malignancy were 81.7% (98/120) and
35% (42/120), retrospectively. The mean postoperative hospital stay was 8.5 days. On histopathological
examination: pancreatic adenocarcinoma (PDAC) (73, 34.8%), serous cystadenoma (29, 13.8%), mucinous
cystadenoma (33, 15.7%), mucinous cystadenocarcinoma (8, 3.8%), solid-pseudopapillary tumor (32,
15.2%), neuroendocrine tumor (23, 11.0%), pancreatic pseudocyst (8, 3.8%) intraductal papillary mucinous
neoplasm (4, 1.9%).

Conclusions: This case series demonstrates that RDP is safe and feasible. However, cost-effectiveness of

RDP must be evaluated and the best indications should be defined.
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Introduction improved dexterity, and filtration of natural tremor have

been integrated to made robotic pancreatic surgery to

Pancreatic surgery is one of the most challenging abdominal become widely accepted by surgeons (4-6). As robotic

operations with high perioperative and mortality rates
(1,2). Recent developments in robotic instruments and
techniques can overcomes many inherent limitations of

laparoscopic surgery (3). Three-dimensional visualization,
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distal pancreatectomy (RDP) only requires limited
dissection around splenic vessels and it does not require any
reconstruction, it has been broadly applied in pancreatic

centers (7,8). In this study, we evaluated our experience on
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Figure 1 Trocar placement for RDP. RDP, robotic distal
pancreatectomy.

the safety and feasibility of RDP in a high-volume robotic

center in China.

Methods

We retrospectively analyzed the clinical data of consecutive
210 patients who underwent RDP at the department
of Hepatobiliary and Pancreatic Surgical Oncology,
People’s Liberation Army General Hospital in China from
November 2011 to August 2016. The study was approved
by the Institutional Review Board of the People’s Liberation
Army General Hospital (S2016-098-01).

Preoperative evaluation

A contrast-enhanced computed tomography (CT) scan
or magnetic resonance imaging (MRI) was performed
as a routine diagnostic procedure. When images were
insufficient to diagnose, the patient was referred for
endoscopic ultrasound-guided fine-needle aspiration (EUS-
FNA) with a cystic fluid analysis to differentiate between

serous or mucinous tumors.

Selection of the procedure

The inclusion criteria were: (I) presence of a resectable
benign, malignant, or borderline malignant pathology of the
pancreatic body and tail; (II) no general medical conditions
that contraindicated anesthesia and surgery; and (III) no
history of previous major upper abdominal surgery. The
exclusion criteria were: (I) tumors larger than 10 cm; and (IT)
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pancreatic adenocarcinoma (PDAC) with metastases.

All included patients were informed of the advantages
and disadvantages of robotic approach as well as the
possible complications and costs. They made the decision to
undergo RDP and gave written informed consents for the
chosen operation and this study. All robotic operations were
performed by the same surgical team.

Perioperative data

The baseline demographics, perioperative and pathology
data were obtained from the electronic medical records.
Operation time (OT), estimated blood loss (EBL),
blood transfusion, rate of conversion to laparotomy, splenic
preservation (SP) rates, splenic vessel preservation (SVP)
rates, tumor histopathology, postoperative complications, and
postoperative hospital stay (PHS), were analyzed retrospectively.
Readmission rates within 90 days and 30-day mortality rates
were also examined. The postoperative complications
were graded using the Clavien-Dindo classification (9).
The grading system for a postoperative pancreatic fistula
was based on the International Study Group of Pancreatic
Fistula (grades A, B, and C) (10).

Surgical technique and follow up

All the robotic surgical procedures were performed by
a single team of surgeons using the Da Vinci Si Surgical
System (Intuitive Surgical, Sunnyvale, CA, USA). This team
had performed more than 1,000 robotic pancreatic surgeries.

Under general anesthesia, the patient was placed in a
supine decubitus position. Five ports (3, 8 mm; 2, 12 mm)
were placed as shown in Figure 1. After docking, we divided
the gastrocolic ligament and mobilized the distal pancreas
by a coagulation hook or ultrasonic scalpel (Harmonic®,
Ethicon Endo-Surgery, Cincinnati, OH, USA). After the
superior mesenteric/portal vein (SMV/PV) is mobilized,
DP is resected along the left margin of the SMV with an
endoscopic linear staple (EC-60, Ethicon Endo-Surgery).
For a splenic vessel-sacrificing operation or splenectomy,
the splenic vessels are divided with a linear staple and
white staple cartridge application. The feeding vessels were
isolated and clipped by Hem-o-lok® clip (TFX Medical
Ltd., RTP Durham, NC, USA) or ligatures with Prolene®
(Ethicon, Sommerville, NJ, USA) sutures, and divided.

We try to preserve the spleen and splenic vessels
when performing RDP in patients with benign and
borderline malignant tumors. Excessive blood loss,
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Table 1 Patient characteristics for 210 RDPs
Total (n=210)

Patient characteristics

Sex (F:M) 136:74 (65%:35%)
Age (years) 48.3+15.4
BMI (kg/m?) 23.17k3.4
ASA (I:11:111) 33:169:8

Abdominal pain 51 (24.3%)

Benign:malignant 120:90

Charlson comorbidity index 2.57+1.38

Data are number (% of group total) or mean (SD). RDP, robotic
distal pancreatectomy; BMI, body-mass index; ASA, American
Society of Anesthesiologists’ score; SD, standard deviation.

Table 2 Pathological outcome for 210 RDPs
Mean + SD or No. (%) of

Pathological characteristics

patients
Mean largest tumor diameter (cm) 2.5nla
Tumor =u cm 36 (17.1)
Indications
Ductal adenocarcinoma 73 (34.8)
Mucinous cystadenoma 33 (15.7)
Solid-pseudopapillary tumor 32 (15.2)
Serous cystadenoma 29 (13.8)
Neuroendocrine tumor 23 (11.0)
Pseudocyst 8 (3.8)
Mucinous cystadenocarcinoma 8(3.8)
IPMN 4(1.9)

RDP, robotic distal pancreatectomy; SD, standard deviation;
IPMN, intraductal papillary mucinous neoplasm.

major vessel invasion, and severe pancreatitis and longer
surgical time, are common indications for converting to
splenectomy or Warshaw procedure (11). We performed
RDP for PDAC according to radical antegrade modular
pancreatosplenectomy (RAMPS) approach (12).

All patients were followed up 1 month after discharge, 3
months in the first year and then at 6-month intervals thereafter.

Statistical analysis

Continuous data are presented as mean = SD or median and
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interquartile range (IQR) according to their distributions.
All statistical analyses were performed using the SPSS v22.0
software (SPSS, Inc., Chicago, IL, USA). A P value of less
than 0.05 was considered statistically significant.

Results
Patient characteristics

A total of 210 patients underwent RDP during the study
period. The patients included 74 men and 136 women with
a mean age of 48.3 years. Most patients were asymptomatic
(159, 75.7%), and 51 patients (24.3%) presented with
abdominal pain. The baseline characteristics, including age,
sex, body mass index, American Society of Anesthesiologists’
score, are shown in Tiable 1.

Pathological outcome

The mean largest tumor diameter was 2.5 cm, and 36
patients had a tumor larger than 5 cm (7able 2). The
leading indication for RDP was a PDAC (n=73). The
final histopathological examinations of the tumors
were: PDAC (73, 34.8%), serous cystadenoma (29,
13.8%), mucinous cystadenoma (33, 15.7%), mucinous
cystadenocarcinoma (8, 3.8%), solid-pseudopapillary tumor
(32, 15.2%), neuroendocrine tumor (23, 11.0%), pancreatic
pseudocyst (8, 3.8%) intraductal papillary mucinous
neoplasm (4, 1.9%).

Perioperative outcomes

Perioperative outcomes for RDP group are shown in Table 3.
The mean operative time (includes docking and undocking
of the robot) was 159.8 minutes, and the median EBL was
161.2+262.2 mL. Nine patients required blood transfusion
during the operations. When adenocarcinoma was excluded
from analysis, the rates of spleen preservation and SVP
were 80.7% (98/120) and 35.0% (42/120), retrospectively.
Ten patients were converted to open operation because of
excessive blood loss. In this study, postoperative morbidities
occurred in 34 patients (16.2%). Among which, 12 patients
had grade B pancreatic fistulas and 4 patients had grade C
pancreatic fistulas. Two patients who experienced intra-
abdominal bleeding required a second operation. The
mean postoperative hospital stay was 8.5 days. No patients
required readmission to hospital and there was no 30-day
mortality.
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Table 3 Perioperative outcomes for 210 RDPs

Patients with benign

Parameters All (n=210) tumors (n=120)
Operative characteristics

Operative time (min) 159.8+65.5

EBL (mL) 161.2+262.2

Transfusion 9 (4.3)

Conversion 10 (4.8)

SP 131 (62.4) 98 (80.7)

SVP 57 (27.1) 42 (35.0)
Postoperative outcomes

Morbidities 34 (16.2)

POPF 30 (14.3)

POPF (Grade B or C) 16 (7.6)

Clavien-Dindo 14 (6.7)

classification IlI-V

Reoperation 2(1.0)

Postoperative hospital 8.5+6.0

stay (d)

RDP, robotic distal pancreatectomy; EBL, estimated blood loss;
SP, splenic preservation; SVP, splenic vessel preservation; POPF,
postoperative pancreatic fistula.

Discussion

Laparoscopic distal pancreatectomy (LDP) is a commonly
accepted approach to manage lesions in the body and tail
of the pancreas (13-18). However, laparoscopic surgery has
several technical limitations, such as reduced dexterity of
manipulation and narrowed 2-dimensional visualization
(6,19). Robotic surgery has recently been developed to
overcome the aforementioned limitations of laparoscopic
surgery by the flexible robotic arms and improved three-
dimensional visualization (20,21). The robotic technique
enabled precise dissection of the tumors which were located
in deep, narrow spaces and allowed safe resection without
injury to adjacent major vessels.

Previous studies have demonstrated that RDP can
improve the clinical outcomes and reduce the risk of
conversion to laparotomy when compared with LDP
(4-6). However, the limitations of these studies include
small sample sizes, long time span and inconsistent surgical

techniques. Our series represents, to our knowledge, the
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largest single-institution report of clinical experience
in RDP. This study demonstrates that RDP is safe and
feasible with a low conversion rate, acceptable operative
time, minimal blood loss, good postoperative outcomes and
reduced postoperative hospital stay.

Docking the robot and exchanging instruments increased
the time of robotic surgery (22). Pervious meta-analyses
demonstrated that RDP was associated with longer mean
operative times. Although 34.8% patients in this study had
PDAC, our OT was also shorter when compared with other
studies (4,6,16,23), which might by due to our high-volume
institution having more experience in robotic techniques.

Previous studies have already demonstrated that RDP can
significantly reduce the rate of conversion to open surgery
when compared with LDP. In our study, 4.8% of patients
who underwent RDPS required conversion to laparotomy,
which was consistent with results reported in other studies
(4-6). The lower conversion rate to open surgery in the
robotic group might be related to the advantages in using
the robotic techniques in vessel dissection and bleeding
control.

We preferred spleen preservation and the Kimura
technique for patients with non-malignant tumors. For
spleen-preserving and splenic vessel preserving operations,
delicate manipulation and good visualization is required as
even a small break in the tributary vessels can necessitate
a splenectomy or Warshaw procedure (24,25). Due to
robotics can dissect vessels precisely and control excessive
bleeding timely, our study demonstrated that RDP can
reduce EBL and improve the rates of SP and SVP compared
with the previous values in the literature (4,6).

In our study, robotic assistance did not decrease
the postoperative hospital stay, the occurrence of
pancreatic fistula and morbidity rates, but the severity
of pancreatic fistula in RDP group was reduced when
compared with earlier studies (26). All these might be
related to that RDP do not require complex dissection
and reconstruction, which have not taken full use of the
robotic system.

This study has several limitations. First, this is a
retrospective study. All data regarding patient demographics
as well as perioperative outcomes were retrospectively
collected from medical records. Second, this is a case
series with its inherent defects. If the financial burden of
robotic surgery is reduced, we may conduct a randomized
controlled trial to investigate the benefits of RDP over LDP
in the future.
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Conclusions

In conclusion, this study demonstrated that RDP is safe and
feasible, even when tumors are malignant. As the robotic
surgical experience accumulated, the robotic system might
be a useful approach for surgeons to perform RDP with
spleen preservation, even SVP after training.
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