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Abstract
Background: Various technical improvements have decreased the morbidity and mortality 
after pancreaticoduodenectomy. However, postoperative pancreatic fistula (POPF) is the most 
feared complication, and the ideal technique for pancreatic reconstruction is undetermined. 
The aim of this study was to identify the risk factors and incidence of POPF with different types 
of pancreatic stump management after robot-assisted pancreaticoduodenectomy (RAPD). 
Materials and Methods: This study is a retrospective review of consecutive patients who un-
derwent RAPD at the University of Illinois Hospital and Health Sciences System between Sep-
tember 2007 and January 2016. The cohort was divided based on the type of pancreatic stump 
management: pancreatic duct occlusion with cyanoacrylate glue (CG), pancreaticojejunosto-
my (PJ), posterior pancreaticogastrostomy (PPG), and transgastric pancreaticogastrostomy 
(TPG). Results: The cohort included 69 patients: pancreatic duct occlusion with CG (n = 18), 
PJ (n = 12), PPG (n = 11), and TPG (n = 28). Pancreatic duct diameter < 3 mm and duct occlu-
sion with CG were identified as risk factors for POPF (p < 0.05). The incidence of POPF was 
lower when TPG and PJ were performed (p < 0.001). Conclusions: Reconstruction with PJ and 
TPG had better results compared to pancreatic duct occlusion with CG and PPG. However, TPG 
was the technique of choice and showed comparable results to PJ. © 2018 S. Karger AG, Basel
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Introduction

Pancreaticoduodenectomy (PD) is the surgical treatment of choice for malignant or 
benign disease of the pancreatic head and periampullary region [1]. With improvements in 
operative techniques and perioperative management, mortality has decreased to < 5% in 
high-volume centers [2–4]. However, morbidity remains high. Postoperative pancreatic 
fistula (POPF) is the most feared complication, with an incidence of 8–26% [5–7] and a specific 
mortality of up to 8% [8]. Friable texture of the pancreas, small pancreatic duct diameter, high 
operative blood loss, and high body mass index have been identified as risk factors for POPF, 
both in open and minimally invasive PD [9–11]. Surgical management of the pancreatic stump 
is an important aspect of the procedure, as pancreatic anastomotic failure represents the 
main cause of POPF [12, 13]. Several techniques have been suggested in order to reduce the 
incidence of POPF, including pancreaticogastrostomy (PG), isolated loop pancreaticojeju-
nostomy (PJ), transgastric pancreaticogastrostomy (TPG), and duct to mucosa or invagi-
nation in PJ [14–17]. Nonetheless, no single pancreatic reconstruction technique has been 
proven to be superior to others [18]. Moreover, management of the pancreatic stump often 
varies based on intraoperative findings and the surgeon’s experience. As a result, the anasto-
motic technique and its association with POPF still remain unclear [13].

In the last decade, minimally invasive techniques, such as laparoscopy and robotic 
surgery, have shown outcomes comparable to those of open PD [19–21]. The inherent limita-
tions of the laparoscopic approach have been a barrier to its widespread adoption [22]. The 
robotic platform has emerged as an alternative approach to laparoscopic surgery, and more 
so with complex procedures like PD, first performed by Giulianotti et al. in 2001 [23].

The aim of this study was to identify the risk factors for POPF after robot-assisted PD 
(RAPD). Furthermore, we evaluated the incidence of POPF with different types of pancreatic 
stump management. We hypothesized that TPG reconstruction has a lower rate of POPF than 
PJ.

Materials and Methods

This study is a retrospective review of a prospectively maintained database. Data were collected from 
all consecutive RAPDs performed by a single surgeon at the University of Illinois Hospital and Health Sciences 
System between September 2007 and January 2016. This study was conducted after institutional review 
board approval. All patients 18 years of age or older who underwent RAPD were included in this study.

The cohort was divided into four groups according to the type of pancreatic stump management 
performed. The type of pancreatic stump management was decided on by the surgeon intraoperatively based 
on the diameter of the pancreatic duct, the consistency of the pancreas (friable vs. hard), associated patient 
characteristics and comorbidities (demographics, American Society of Anesthesiologists [ASA] score), and 
surgeon’s surgical experience. All of the procedures in our cases were performed by the same experienced 
surgeon, who had long overcome his learning curve with thousands of laparoscopic and open procedures. At 
the beginning of the surgeon’s robotic experience, cases were managed by pancreatic duct occlusion using 
cyanoacrylate glue (CG) to avoid any possible serious complications related to the pancreatic anastomosis. 
PG was used to decrease POPF rates. Subsequently, PJ was preferred when the texture of the pancreas was 
hard and the duct diameter was ≥3 mm. The TPG technique was favored in cases with a small pancreatic duct 
and friable pancreas. Prior to implementing the TPG technique, posterior pancreaticogastrostomy (PPG) was 
the choice in the case of small pancreatic duct and friable pancreatic texture. Demographics, ASA score, diag-
nosis, as well as intraoperative and postoperative data were analyzed. All fistulas were classified according 
to the International Study Group of Pancreatic Fistula guidelines [24]. The incidence of POPF and its associ-
ation with various risk factors and types of pancreatic stump management were analyzed.
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Surgical Technique for the Different Pancreatic Stump Managements
Injection of CG. The pancreatic duct is cannulated and a purse string suture is applied around the 

pancreatic duct with a nonabsorbable suture. Next, 2–3 mL of CG is injected into the duct. The duct is then 
ligated with a 3-0 silk suture and the purse string is tied. Interrupted stitches are then placed across the tran-
sected pancreatic edge to ensure a better hemostatic seal of the pancreatic stump. Two PJ drains are placed 
adjacent to the stump to allow for drainage in the event of a pancreatic fistula. Peripancreatic drains are kept 
in place until the output of the fistula decreases to < 30 mL/day.

Pancreaticojejunostomy. The first jejunal loop is brought up in a retrocolic and retromesenteric fashion. 
The pancreatic duct is stented and an end-to-side PJ is then performed. If the diameter of the pancreatic duct 
is ≥3 mm, a mucosa-to-mucosa anastomosis is performed. First, interrupted 4-0 PDS® sutures are placed in 
the posterior row to attach the pancreatic capsule to the jejunal serosa. A small enterotomy is then made and 
one row of interrupted stitches of 4-0 PDS® sutures is used. An anterior row of interrupted 4-0 PDS® sutures 
is then used to seal the pancreatic capsule to the jejunal serosa. If the pancreatic duct does not allow for a 
mucosa-to-mucosa anastomosis, an anastomosis with the pancreatic parenchyma is performed with a 
running 4-0 Prolene® suture. The anastomosis is then reinforced using interrupted stitches as a second layer 
between the pancreatic capsule and the jejunal serosa.

Posterior Pancreaticogastrostomy. After stenting the pancreatic duct, the pancreatic stump is anasto-
mosed to the posterior wall of the stomach. The anterior and posterior row are closed with running 4-0 PDS® 
sutures and interrupted 4-0 Prolene® stitches for reinforcement.

Transgastric Pancreatic Reconstruction. After completion of the uncinate process dissection, the pan- 
creatic stump is mobilized for at least 1.5–2 inches. A small opening is then created on the posterior gastric 
wall, ensuring it is at least one-third smaller than the diameter of the pancreatic stump. Two stay sutures are 
placed on the upper and lower margins of the pancreas. Subsequently, a longitudinal anterior gastrostomy 
is performed and the stump is gently pulled inside the gastric cavity, ensuring that an adequate invagination 
is achieved. The pancreatic capsule is anchored to the gastric mucosa with interrupted stitches of 4-0 PDS®. 
Reinforcing sutures are applied if evidence of bleeding is present. The anterior gastrostomy is closed with a 
running suture of 3-0 PDS®.

Statistical Analysis
Data analyses were conducted using SPSS 22.0 (IBM, SPSS Statistics) and SAS 9.4 (SAS Institute Inc., 

Cary, NC, USA). Comparisons across groups were performed using analysis of variance for continuous vari-
ables. Fisher’s exact test was performed on categorical variables. Logistic regression analysis was performed 
to study the association between POPF and selected predictors. Pearson correlation analysis was performed 
to examine the association between the risk factors and the pancreatic reconstruction techniques. Confi-
dence intervals were set at 95% and a two-sided p value < 0.05 was considered statistically significant.

Results

A total of 69 patients were included in the study and analyzed. The cohort comprised 37 
males (53.6%) and 32 females (46.4%) with a mean age of 61.8 ± 13.3 years and a mean body 
mass index of 26.8 ± 5.2. As shown in Table 1, the cohort was divided into four groups based 
on the type of pancreatic stump management. Eighteen cases underwent CG occlusion of the 
pancreatic duct, 12 cases underwent PJ, 11 cases underwent PPG, and 28 cases underwent 
TPG. Cases of concomitant islet cell transplantation, cases with totalization after distal pancre-
atectomy, and cases converted to open surgery were excluded from the study. The statistical 
analysis revealed no significant differences in patients’ comorbidities across the four groups 
(p > 0.05).

POPF was diagnosed in 13 patients, with an overall incidence of 18.8%. Grade A POPF 
occurred in 3 cases (4.3%), grade B in 8 (11.6%), and grade C in 2 (2.9%).
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Risk Factors for POPF
A logistic regression model with a univariate predictor was conducted to assess the asso-

ciation between POPF and each of the continuous variables (demographics, operative time, 
and estimated blood loss) separately. No variable was identified as a significant predictor for 
POPF (Table 2).

As summarized in Table 3, Fisher’s exact test was conducted to analyze the association 
between POPF and the following categorical variables: ASA score, pancreatic tissue consis-
tency, CG occlusion of the pancreatic duct, and pancreatic duct diameter. A pancreatic duct 
diameter < 3 mm and CG occlusion of the pancreatic duct were identified as risk factors for 
POPF (p = 0.014 and p < 0.001, respectively). The rate of POPF increased from 0% (0/19) to 
26% (13/50) in the cases with pancreatic duct diameter < 3 mm.

Association of Type of Pancreatic Stump Management with the Incidence of POPF
As summarized in Table 4, Fisher’s exact test was conducted to analyze the association 

between pancreatic stump management and the incidence of POPF. There were significant 
differences in the incidence of POPF across the groups, with a higher incidence of POPF with 
the CG occlusion and PPG techniques (p < 0.001). The difference in POPF rates between TPG 
and PPG was nearly significant (p = 0.056). Furthermore, the analysis failed to reject the null 
hypothesis that there was no difference in the rate of POPF between TPG and PJ reconstruction 
(p = 1.0).

The two types of pancreatic reconstruction (TPG or PJ) were significantly correlated 
with both pancreatic duct diameter (< 3 vs. ≥3 mm) and texture of the pancreas (friable vs. 

Table 1. Patient demographics and preoperative data

CG occlusion 
(n = 18)

PJ 
(n = 12)

PPG 
(n = 11)

TPG 
(n = 28)

p value

Age, years 64.4±11.8 65.0±13.4 54.9±16.8 54.9±16.8 0.229
Sex 0.759

Male 10 6 4 12
Female 8 6 7 16

Body mass index 27.6±5.4 24.8±4.4 26.8±6.2 27.0±4.9 0.542
ASA score 0.704

1 0 0 0 1
2 10 5 5 18
3 8 7 6 9

ASA, American Society of Anesthesiologists; CG, cyanoacrylate glue; PJ, pancreaticojejunostomy; PPG, 
posterior pancreaticogastrostomy; TPG, transgastric pancreaticogastrostomy.

OR 95% CI p value

Age 1.034 0.983–1.0878 0.200
Body mass index 1.070 0.953–1.202 0.253
Operative time 0.996 0.989–1.003 0.297
Estimated blood loss 1.001 0.999–1.003 0.448

CI, confidence interval; OR, odds ratio; POPF, postoperative pan- 
creatic fistula.

Table 2. Results of logistic 
regression in POPF
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hard) (p < 0.001). Most of the individuals with TPG had a pancreatic duct diameter < 3 mm 
(24/28), and all of them had a friable pancreas (28/28). In contrast, a small proportion of 
individuals with PJ had a pancreatic duct diameter ≥3 mm (1/11) and a friable pancreas 
(2/11).

Discussion

The safety of pancreatic resections has substantially improved over the last decades; 
however, POPF still remains a significant problem, with an incidence that varies considerably 
in the literature, ranging from 10 to 40% [25–29]. Several reports describe pre- and intraop-
erative risk factors in the development of POPF, such as friable pancreas and small pancreatic 
duct [30–34]. The only significant risk factor identified in our series was a pancreatic duct 
diameter < 3 mm, a finding that is widely supported by the literature [33–37].

The surgical community is making great efforts to provide evidence for the best pancreatic 
reconstruction [34, 38]. Recent publications with level 1 evidence have compared the rate of 
POPF after PJ versus PG. They suggest that PG anastomosis reduces the rate and severity of 
POPF [34, 37, 39–42]. However, other studies and randomized trials show no difference in 
the rates of POPF and overall complications [18, 43].

PD has been continually adjusted to the evolution of technology, with new technical 
challenges that were not obvious in the open approach. Despite the initial enthusiasm after 
the first laparoscopic PD [44, 45], this approach was not widely adopted due to longer 
operative times and the need for advanced laparoscopic skills [8]. Recent reviews have 
demonstrated that minimally invasive surgery is finding its niche in these complex proce-
dures [8]. Nonetheless, precise patient selection and highly skilled surgeons are crucial 

p value

ASA score 0.116
Type 2 diabetes mellitus 0.137
Pancreatic texture 0.104
Pancreatic duct diameter 0.014
Cyanoacrylate glue occlusion 0.001

ASA, American Society of Anesthesiologists; POPF, postoperative 
pancreatic fistula.

Table 3. Results of the 
association between POPF and 
the various predictors

Table 4. Fisher’s exact test to evaluate the incidence of POPF in the four groups

Type of reconstruction POPF yes, n (%) POPF no, n (%) p value p value

Total number 13 56
TPG 1 (7.69) 27 (48.21) <0.001 reference
PJ 0 11 (19.64) 1.000
CG occlusion 9 (69.23) 9 (17.86) <0.001
PPG 3 (23.08) 8 (14.29) 0.056

CG, cyanoacrylate glue; PJ, pancreaticojejunostomy; POPF, postoperative pancreatic fistula; PPG, pos- 
terior pancreaticogastrostomy; TPG, transgastric pancreaticogastrostomy.
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[8]. Since the first RAPD performed by Giulianotti et al. in 2001 [23], the robotic platform 
has shown that it can provide certain advantages due to facilitation of technical maneuvers. 
This allows for a more accurate dissection in narrow operative fields, easier bleeding 
control, and the possibility of microsuturing. Although PG offers better results than PJ in 
open surgery [46], there are no studies to date comparing both anastomoses in the robotic 
approach.

The POPF rate has varied in conjunction with the pancreatic stump management tech-
nique used in our case series. The pancreatic reconstruction technique was determined 
intraoperatively by the primary surgeon, mainly considering the pancreatic texture and duct 
diameter. The surgeon’s experience has also proved to be a decisive variable [47]. In the 
earlier robotic experience, no pancreatic reconstructions were attempted, and CG occlusion 
of the pancreatic duct was performed to avoid major complications related with the 
procedure. Our series showed that CG occlusion of the pancreatic duct was a risk factor for 
POPF (p < 0.001). In 18 patients who underwent CG occlusion of the pancreatic duct, nine 
POPFs were registered (50%). However, the type of fistula expected after this procedure was 
a pure pancreatic juice fistula that contained enzymes in their inactivated form. Therefore, 
it is associated with lower risk of surgical reoperation, lower morbidity, and lower mortality 
[48]. A randomized trial showed better postoperative outcomes of the pure pancreatic fistula 
[49]. Selected cases, with dilated pancreatic duct and fibrotic pancreas, were completed with 
the PJ technique, and no POPFs were registered. PPG was introduced as an attempt to 
improve the POPF rates. Results showed an improvement with a total of three POPFs, but 
with a higher risk of bleeding. In order to further decrease the number of POPFs, we started 
using the TPG reconstruction. In our experience, this technique performed with robot assis-
tance provides better control of the pancreatic stump, allowing for greater invagination into 
the stomach. It also facilitates suturing and stump fixation. Among the 28 patients who 
underwent TPG reconstruction, there were no clinically significant POPFs (grade B and C). 
There was 1 case of postoperative bleeding who required an emergent reoperation within 
the first 24 h.

A comparison between TPG reconstruction and the remaining reconstruction techniques 
was performed. There were significant differences in the incidence of POPF across the groups. 
Using TPG reconstruction as a reference, there were significant differences with CG occlusion 
of the pancreatic duct, showing a higher incidence of POPF in the CG group (p < 0.01). This is 
consistent with the date in the existing literature [50–52]. Hence, we examined TPG versus PJ 
reconstruction, known as the gold standard technique [41]. There were only one grade A 
POPF in the TPG group and no POPFs in the PJ group. The data showed comparable results, 
with no significant differences between groups (p = 1.0). In our opinion, this is an important 
result, since no fistulas were expected in the PJ group, which included all cases of hard 
pancreatic parenchyma and pancreatic duct diameter ≥3 mm, both considered positive char-
acteristics. The fact that the TPG approach, used in the high-risk cases (friable pancreas and 
pancreatic duct < 3 mm), had results similar to those of PJ suggests the validity of the TPG 
technique. The only limitation of the study is the lack of randomization or a standard criterion 
with respect to the choice of pancreatic stump management in each patient. It was decided 
intraoperatively considering multiple variables, which resulted in different groups to analyze. 
However, power calculation based on Fisher’s exact test revealed 80% power, corresponding 
to the results rejecting the null hypothesis (Table 3).

In conclusion, pancreatic stump management with PJ and TPG had better results compared 
to CG and PPG (p < 0.001 for comparing TPG+PJ vs. CG+PPG). TPG, performed in patients with 
POPF risk factors, showed results comparable to those of PJ with regards to the incidence of 
POPF. Prospective randomized studies with larger sample sizes are needed in order to reach 
definitive conclusions.
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