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Abstract
Introduction Postoperative pancreatic fistula (POPF) following distal pancreatectomy (DP) remains the most frequent com-
plication, potential precursor of more serious events, and mechanisms behind POPF development are not clear. Primary aim 
of the current study is to investigate correlations between patients’ characteristics, including technical intraoperative data 
assessed by retrospective video review of laparoscopic DP (L-PD), and development of clinically relevant (CR-)POPF and 
major complication.
Methods Patients undergoing L-DP whose surgery video was available for review were included in this study. Retrospective 
video review, performed by two surgeons blinded for postoperative outcomes, was focused on pancreatic neck transection 
and identification of pancreatic capsule disruption (PCD)/staple line bleeding (SLB). Correlation between clinical, demo-
graphic, and intraoperative factors and CR-POPF/major complications and assessment of factors associated with PCD and 
SLB were investigated.
Results Of 41 L-DP performed at our institution (June 2015–June 2020) using a triple-row stapler (EndoGIA™ Reloads 
with Tri-Staple™), surgery video was available for 38 patients [men/women, 13/25; median age (range) 62 (25–84) years; 
median BMI (range) 24 (17–42)]. PCD and SLB occurred in 15(39%) and 19(50%) patients and were concomitant in 9(24%). 
CR-POPF and major complications occurred in 8(21%) and 12(31%) patients, respectively. PCD, SLB, and PCD + SLB 
rates were significantly higher among patients with CR-POPF, compared to patients without (all p < 0.05). Among patients 
with PCD, pancreatic thickness at pancreatic transection site was higher (19 mm), compared to non-PCD patients (13 mm, 
p < 0.001). A directly proportional relation between PCD, CR-POPF, and major complication rate and pancreatic thickness 
was confirmed by ROC analysis (AUC = 0.949, 0.798, and 0.740, respectively).
Conclusion PCD and SLB close to the staple line detected by retrospective video-review are intraoperatively detectable 
indicators of severe pancreatic traumatism and a potential precursors of CR-POPF following L-PD. Given the strict cor-
relation between PCD and pancreatic thickness, alternative techniques to stapled closure for pancreatic transection may be 
recommended for patients with a thick pancreas and modification in postoperative care may be considered in patients with 
PCD/SLB.

Keywords Postoperative pancreatic fistula · Laparoscopic distal pancreatectomy · Stapled transection · Video-review 
analysis · Pancreatic capsule disruption · Pancreatic thickness

Despite improvements in surgical and perioperative man-
agement, the incidence of postoperative pancreatic fistula 
(POPF) remains high [1–4] and clinically relevant (CR-)
POPF still represents the main catalyst for the development 
of additional complications, like intra-abdominal collection, 
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PPH, delayed gastric emptying, with consequent increased 
length of postoperative hospital stay, increased rates of 
readmission following discharge, reoperation, and mortal-
ity, while negatively affecting the possibility and the time 
to return to postoperative intended oncologic treatment. 
While reliable predictors of CR-POPF have been identified 
and used to build a valid risk score for patients undergoing 
pancreatoduodenectomy [1], for distal pancreatectomy (DP) 
studies investigating risk factors for POPF are limited mainly 
because of the more rare indication for DP, compared to 
pancreatoduodenectomy. Results from the largest available 
study on outcomes following DP confirmed the actual dif-
ficulty in identifying CR-POPF prognosticators [5], however, 
the understanding of mechanisms behind CR-POPF develop-
ment following DP is of utmost importance because it may 
contribute to the identification and the better care of patients 
more at risk for this complication.

This study aims at identifying, among patients undergo-
ing laparoscopic DP (L-DP) with stapled pancreatic tran-
section, factors associated with postoperative outcomes, 
and benefitting from the availability of videos of surger-
ies (since 2017 all L-PD performed at our Institution are 
recorded), at investigating intraoperative factors that may 
predict CR-POPF and major postoperative complications, 
with a particular focus on the phase of pancreatic transection 
and stump closure.

Material and methods

Patients selection

A retrospective investigation of the prospectively maintained 
pancreatic resection database of the Department of General 
Surgery of Istituto Ospedaliero Fondazione Poliambulanza 
identified 241 patients who underwent pancreatic resection 
from June 2015 until June 2020. Following exclusion of 152 
patients who underwent a whipple procedure (n = 105) or 
a total pancreatectomy (n = 39) or a pancreatic enucleation 
(n = 3) or other pancreatic resections (n = 5), 89 patients 
undergoing a DP were identified.

At our Institution, a laparoscopic approach is always 
attempted for patients undergoing a DP, except in case of 
anesthetic contraindication. Though patients affected by a 
tumor with vascular infiltration and requiring vascular resec-
tion and reconstruction were initially operated with an open 
approach, with increasing experience we do not consider 
such situation an absolute contraindication to the laparo-
scopic approach anymore [6, 7]. After exclusion of patients 
operated on with an open approach (n = 29) or for whom a 
conversion from laparoscopy to open was needed [for intra-
operative bleeding (n = 2), for technical impossibility to 
proceed laparoscopically due to treitz invasion (n = 1), and 

for adhesions due to previous surgery (n = 3)], 54 patients 
who underwent a L-DP were identified. Following exclu-
sion of patients for whom video of operation was not avail-
able (n = 12) or prefiring parenchymal compression before 
pancreatic stapler transection was not performed (n = 3) or 
no stapled parenchymal transection was performed (n = 1), 
remaining 38 patients finally represented the study popu-
lation [Radical Antegrade Modular Pancreatosplenectomy 
(RAMPS, n = 13), distal pancreatosplenectomy (DPS, 
n = 18), and spleen preserving distal pancreatectomy (SPDP, 
n = 7)] (Fig. 1). Approval by the local ethical committee was 
obtained for this study.

Patient data collection

Preoperative, intraoperative, pathological and postoperative 
data of study patients were extracted from our institutional 
database and investigated. In particular, demographic data 
included patient age, sex, and body mass index (BMI), clini-
cal data included the presence or not of comorbidities, the 
ASA score, previous history of pancreatitis, albumin serum 
value, and preoperative oncologic treatment (chemotherapy 
or chemoradiotherapy) in case of malignancy, operative data 
included type and duration of surgery, the need for a resec-
tion extended to close organs and for vascular resection/
reconstruction, pathological data included tumor type and 
diameter and surgical margin status.

Surgical technique and patient management

A detailed description of our standardized technique for 
L-RAMPS has been previously published by our group [8]. 
Concerning L-DPS, peripancreatic dissection at the pancre-
atic inferior margin starts at the neck of the pancreas, at 
the point where the superior mesenteric vein underpasses 
the pancreas, and is continued left to completely separate 
the transverse mesocolon from the pancreas body and tail. 
Thereafter, the retropancreatic tunnel is dissected at the pan-
creatic neck, the splenic artery is transected after closure, 
and the pancreas is transected with stapler. Subsequently, 
the splenic vein is dissected and transected after closure with 
ligation and clips or with vascular stapler and the specimen 
mobilization is completed with spleno-diaphragmatic liga-
ments. Concerning L-SPDP, we adopted the technique of 
splenic vessels preservation: following peripancreatic dis-
section which is started about 2 cm right to the pancreatic 
lesion for which the procedure is performed and continued 
left with opening of the peritoneum at the pancreatic infe-
rior margin, the pancreatic tail is identified. At this point, a 
retropancreatic tunnel is carefully prepared 2 cm right to the 
pancreatic lesion and the pancreas is transected with stapler. 
Subsequently, careful dissection of the pancreas from splenic 
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vessels is performed, with separation of pancreatic vessels 
after closure with metallic clips or coagulation.

The surgical technique was selected according to pre-
operative diagnosis and to tumor location: L-RAMPS was 
performed for patients preoperatively diagnosed with high 
grade malignancies [mainly pancreatic ductal adenocarci-
noma (PDAC)], L-SPDP for patients diagnosed with low-
grade disease located in the pancreatic tail, L-PS for patients 
diagnosed with intermediate grade malignancy disease or 
by low grade malignancies located in the pancreatic body.

Pancreatic transection was performed with Endo-GIA 
Ultra Tri-Staple™ after a pre-firing compression with the 
same stapler. We used different kinds of cartridges, chosen 
according to intraoperative pancreatic thickness evaluation. 
Endo-GIA cartridges were classified according to staple 
height at closure (as predetermined by the manufacturers) 
in camel (1.25 mm), purple (1.75 mm), or black (2.25 mm). 
Clips over the pancreatic stapled line were placed according 
to operator preference.

In all patients included in this study, a silicon multi-tubu-
lar drain was placed in the abdomen at the end of surgery, 
with the intra-abdominal extremity possibly close to the pan-
creatic stump. Amylase activity was measured on serum and 
drain liquid at postoperative day 1, 3, 5, and 7. Intravenous 
Cefazolin was used as perioperative antibiotic prophylaxis. 
Somatostatin analogue was subcutaneously administered 

thrice a day since the day of surgery until the third postop-
erative day, and its administration was continued, in case of 
persistent elevated amylase serum activity, until normali-
zation. In case of absence of pancreatic leak or infection, 
the abdominal drain was removed at postoperative day 5 or 
repeatedly retracted until removal. When a pancreatic leak 
protracted more than 10 days or in presence of drain liquid 
infection, the drain was replaced by interventional radiolo-
gists with a pig-tail drain, which was repeatedly retracted, 
in case of drain output reduction, until removal. In case of 
radiologic evidence of abdominal collection not adequately 
drained by the surgical drain, a radiological interventional 
drain of the collection, with eventual placement of a pig-tail 
drain, was performed.

Preoperative CT scan and video review data 
collection

Characteristic of pancreas, including pancreatic thickness, 
width, and fat infiltration and pancreatic duct diameter, 
were evaluated on preoperative 2-mm-slice high-resolution 
multi-detector computed tomography (CT) scan images by 
an experienced pancreatic radiologist (L.M.). Pancreatic 
thickness and width were measured at the site of pancreatic 
transection (determined based on the operative report) on 
preoperative CT scan: in particular, pancreatic thickness was 

Fig. 1  Selection criteria for 
patients included in the study 
and operation performed: 
RAMPS means radical 
antegrade modular pancrea-
tosplenectomy, DPS distal 
pancreatosplenectomy, SPDP 
spleen-preserving distal pan-
createctomy
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measured on axial cuts (Fig. 2A1, D1) [9], pancreatic width 
on sagittal cuts (Fig. 2A2, D2).

Two oncologic surgeons (R.L. and A.M.), blinded for 
patients’ identity and postoperative outcomes, retrospec-
tively and independently reviewed the videos of pancre-
atic stapled transection and recorded the following intra-
operative technical data: Endo-GIA stapler cartridge used 
for transection, pancreatic capsule disruption (PCD) and 

staple line bleeding (SLB) respectively defined as a dis-
ruption/discontinuation of the pancreatic capsule and as 
a bleeding close to the staple line, both occurring soon 
after the pancreatic stapled transection (Figs. 2B, C, E and 
F; videos 1 and 2), and placement of hemostatic clips at 
pancreatic staple line. Disagreements during video review 
process were discussed by two reviewers until an agree-
ment was reached.

Fig. 2  A–C A 64  years old female underwent a L-DPS for high gr 
NET. Pancreatic thickness and width (A1 and A2) were measured 
(black dotted lines) anterior to splenic vein (black asterisk). Figures 
B and C show pancreatic capsule integrity with minimal staple line 
bleeding (camel cartridge used for transection). This patient had an 

uneventful postoperative recovery. D–F A 71 years old female under-
went L-DPS for pancreatic body mucinous cyst. Pancreatic thickness 
(D1) and width (D2) were measured as indicated above. Figures E 
and F show posterior PCD and SLB (black cartridge used for transec-
tion). Postoperative period was characterized by a CR-POPF



945Surgical Endoscopy (2021) 35:941–954 

1 3

Postoperative pancreatic fistula and complications 
definition and grading

International Study Group of Pancreatic Surgery (ISGPS) 
criteria [10] were used to diagnose and grade postoperative 
pancreatic fistula: in case of transient fistula without clinical 
consequences, with drain fluid amylase concentration higher 
than 3 times the upper normal serum value on or after post-
operative day 3, a biochemical leak was diagnosed; in case 
of pancreatic fistula requiring changes in management (e.g. 
persistent drainage > 3 weeks, percutaneous or endoscopic 
drainage, angiographic procedures for bleeding, or signs of 
infection without organ failure) or requiring major changes 
in clinical management (e.g., reoperation, organ failure, or 
death), a POPF graded B and C was diagnosed, respectively, 
and such situation brought to a diagnosis of CR-POPF.

Postoperative complications were graded accord-
ing to Clavien-Dindo classification [11]: complications 
graded equal to or higher than 3 were defined as major 
complications.

Statistical analysis

Statistical analysis was performed using the SPSS statisti-
cal software (version 23.0; SPSS Inc., Chicago, IL, USA). 
Demographic, clinical, radiologic, intraoperative, pathologi-
cal characteristics were compared among patients according 
to the postoperative occurrence of CR-POPF, major com-
plication, and of PCD and SLB separately and concomitant. 
Categorical variables were presented using frequency and 
percentages and were compared between groups using the 
Chi-square test or Fisher exact test, as appropriate. Con-
tinuous variables were presented as median and range and 
compared using Mann–Whitney U-test. Results with a p 
value < 0.05 were considered statistically significant; all p 
values were two-tailed. The performance of pancreatic thick-
ness in predicting PCD, CR-POPF, and major complications 
was assessed using receiver operating characteristics (ROC) 
analysis. The accuracy of pancreatic thickness discriminat-
ing patients with and without PCD, CR-POPF, and major 
complications, respectively, was assessed by calculating the 
Area Under the Curve (AUC) and the asymptotic signifi-
cance level of each curve compared with the diagonal refer-
ence line (area under the curve ¼ 0.500).

Results

Patient characteristics and comparison according 
to postoperative pancreatic fistula and major 
complications occurrence

As shown in Table 1, among 38 patients included in the 
current study the male to female ratio was roughly 1:2 and 
the median age and BMI were 62 years and 24, respec-
tively. In 76% of patients one or more comorbidities were 
present, with 47% of patients having an ASA score higher 
than 2. Preoperative serum albumin median value was 
4.2 g/dL. Respectively, 10.4% and 7.9% of patients had a 
history of previous pancreatitis and received a preopera-
tive oncologic treatment (including chemotherapy or radi-
otherapy). Concerning preoperative CT scan evaluation of 
pancreas characteristics, median pancreatic thickness and 
width were 14 mm and 27 mm, respectively, and 29% of 
patients showed clear signs of pancreatic fat infiltration.

Concerning surgical data, median operation duration 
was 255 min and surgery consisted in L-RAMPS in 34% 
of patients, L-DPS in 48%, and L-SPDP in the remaining 
18%. In all patients, before pancreatic stapled transection, 
a prefiring compression was performed, with a median 
duration of 75′. Immediately following pancreatic stapled 
transection, during which a camel (vascular), a purple 
(intestinal), and a black (high-volume) cartridge were used 
in 13%, 29%, and 58% of cases, a PCD occurred in 39% 
of patients, an SLB in 50%, and PCD and SLB were con-
comitant in 24% of patients. Horizon clips at staple line 
were used in 24% of patients to perform hemostasis and 
in 26% of patients were placed with a preventive purpose 
to cover the staple line complete length. The pancreatic 
resection was extended to the stomach in 2 cases and to 
the first jejunal loop at treitz in one case.

According to pathological assessment, final diagnosis 
was PDAC in 29% of patients, IPMN in 13%, NET in 26%, 
and other in 32%. Median tumor diameter was 30 mm and 
surgical margin positive for tumor cell was observed in 2 
patients, both operated for PDAC. Concerning postopera-
tive outcomes, overall and major complications occurred 
in 71% and 32% of patients, respectively. A post-pancrea-
tectomy hemorrhage (PPH) occurred in 4 patients, a reop-
eration was needed in two patients, and the median length 
of hospital stay following surgery was 10 days.

CR-POPF occurred in 8 (out of 38, 21%) patients, all 
requiring radiologic interventional maneuvers to replace 
the surgical drain or to drain one or more abdominal col-
lections, and was followed by PPH in 3 patients: one 
patient, following a L-SPDP, developed a bleeding from a 
pancreatic dorsal artery 8 days after surgery, and needed 
for urgent reoperation for hemostasis; one patient, on 
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antiplatelet therapy for recent coronary stent placement, 
experienced a hemoperitoneum following L-RAMPS 
without clear sign of active bleeding at contrast enhanced 
CT scan and was treated conservatively with packed red 
blood cells and plasma transfusions, until bleeding gradu-
ally and spontaneously stopped; the last patient, following 
hospital discharge, had a bleeding from a jejunal artery 
and was treated with radiologic interventional emboliza-
tion. Concerning characteristics of patients according to 
CR-POPF, a significantly higher median pancreatic thick-
ness was observed in patients with CR-POPF, compared to 
those without CR-POPF. Concerning data gathered from 
retrospective video-review analysis, incidence of PCD and 
SLB, occurring both separately and concomitantly, were 
significantly higher among CR-POPF patients, compared 
to patients without CR-POPF. Finally, concerning postop-
erative outcomes, rates of major complications and PPH 
were significantly higher in case of CR-POPF occurrence.

Concerning patients with a major complication, this was 
directly related to a CR-POPF in 8 (67%) out of 12 patients, 
while in remaining 4 cases pulmonary embolism occurred 
and needed for Intensive Care Unit admission in one patient, 
hemoperitoneum occurred in two patients and was treated 
with packed red blood cells and plasma in one case and with 
emergency operation in the other, and an abdominal infected 
collection was treated with interventional radiologic drain 
in the last patient. Concerning differences in patient charac-
teristics according to the occurrence of major complication, 
higher pancreatic thickness and higher rates of PCD overall 
and concomitant to SLB among patients with major com-
plication was observed, compared to patients with minor/no 
postoperative complication.

Analysis of factors associated with PCD, SLB, 
and concomitant PCD and SLB

PCD occurred in 15 patients, SLB in 19, and concomitant 
PCB and SLB in 9. Patients with PCD had significantly 
higher pancreatic thickness and were more frequently male, 
compared to patients without PCD. Patients with and without 
PCD also differed according to type of surgery performed, 
with significant higher rate of SPDP, and concomitant lower 
rates of DSP and RAMPS, among PCD patients, compared 
to patients without PCD. Concerning comparison of patients 
with versus without SLB, significant differences regarding 
male sex rate and BMI, both higher among SLB patients 
compared to patients without SBL, could be found. Concern-
ing patients with PCD + SLB, rate of male sex, pancreatic 
thickness, BMI were all significantly higher compared to 
patients without concomitant PCD and SBL. Furthermore, 
significant higher rate of SPDP, and concomitant lower rates 
of RAMPS, were observed among patients with PCD + SLB, 

as well as significantly higher rates of postoperative major 
complications and of PPH (Table 2).

Accuracy of measured pancreatic thickness 
for predicting PCD, CR‑POPF, and major 
complication

The ROC analysis revealed that 15.5  mm was the best 
cut-off value of pancreatic thickness to predict the occur-
rence of PCD (AUC = 0.949, confidence interval (CI) 
0.887–1, asymptotic significance level p < 0.001), CR-POPF 
(AUC = 0.798, CI 0.632–0.963, asymptotic significance 
level p = 0.010), and major complication (AUC = 0.740, 
CI 0.565–0.916, asymptotic significance level p = 0.019) 
(Fig. 3).

Discussion

In this analysis of postoperative outcomes of patients under-
going L-DP with triple-row stapled pancreatic transection 
we identified, by retrospective blinded surgery video-review 
focused on the step of pancreatic transection, intraoperative 
occurrence of PCD and SLB as predictors of CR-POPF and 
of postoperative major complications; in addition, a strong 
association between pancreatic thickness at transection 
point, measured on preoperative CT scan, and PCD occur-
rence was found.

Previous researches focused on identification of factors 
associated with CR-POPF highlighted the importance of 
patient related factors, indicating a younger age, male sex, 
comorbidities and nutritional status, surrogated by lower 
albumin serum value and by higher BMI, with an increased 
risk for CR-POPF occurrence. In addition, multiple surgical 
factors have been associated with the risk of CR-POPF, like 
increased operative time, multivisceral resection, splenec-
tomy, and intraoperative blood loss [12–15]. Among factors 
pancreas-related, in addition to pancreatic duct obstruction 
due to increased Oddi sphincter pressure [16, 17], pancre-
atic thickness is probably the most studied [9, 18–22], with 
strong evidence associating increasing pancreatic thickness 
with an increased risk of CR-POPF, independently of pan-
creatic transection method and surgical approach.

Our results, showing a strong association between 
increasing pancreatic thickness (measured on preoperative 
contrast enhanced CT scan axial cuts, Fig. 2) and worsen-
ing of postoperative outcomes, with increasing rates of 
CR-POPF and major complication (Fig. 3), are consistent 
with such evidence. Through ROC analysis, a cut-off of 
15.5 mm for pancreatic thickness was identified and a pan-
creatic thickness higher than 15.5 mm could predict a risk 
of CR-POPF with a sensibility and specificity of 75% and 
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74%, respectively, and a risk of major complication with 
a sensibility and specificity of 67% and 77%, respectively.

Recognized correlation between pancreatic thickness and 
CR-POPF has further encouraged research focused on the 
best modality for pancreatic stump closure, especially in 
case of thick pancreas, however, without a recognized supe-
riority of stump suture closure [23, 24] over stapled closure, 
as well as without a clear benefit of the use of tissue patches 
at the staple line [25] or of staple line reinforcement [13, 26, 
27], stapled closure remains one of the most commonly used 
pancreatic transection technique. Subsequent research has 
highlighted the importance of (i) techniques of pancreatic 
prefiring compression before pancreatic stapling in reduc-
ing POPF rates [28–30], (ii) discrepancy between pancre-
atic parenchyma thickness and stapler cartridge, which may 
be behind parenchyma crush and pancreatic juice leak and 
consequently (iii) a correct staple cartridge choice in miti-
gating the risk of CR-POPF [31, 32]. Our clinical practice 
is consistent with such data: among patients with pancreas 
thickness higher than 16 mm, the rate of use of high vol-
ume cartridge was higher (86%) than among patients with 
a pancreatic thickness ≤ 16 mm (50%); similarly, vascular 
and intestinal cartridges were used less frequently among 
patients with a thicker pancreas (0% and 14%, respectively), 
compared to patients with a thinner pancreas (12.5%, and 
37.5%, respectively; p = 0.156, data not shown), indicating 
that the choice of the cartridge size was modulated accord-
ing to pancreatic size in our series.

Our study, using a peculiar approach based on retrospec-
tive video-review analysis which is allowed by the avail-
ability of video-recorded surgeries, expands on above data, 
showing for the first time that the occurrence of PCD close 
to staple line, even more if concomitant to SLB, may be 
an intraoperatively detectable indicator of severe pancreatic 
traumatism during pancreatic transection. Patients with PCD 
and SLB had significantly higher rates of CR-POPF (both 
87.5%), compared to those without (26.7% and 40%, respec-
tively; p = 0.003 and 0.042, respectively), suggesting that 
PCD and SLB may be indicators of pancreatic traumatism 
due to stapled transection and precursors of CR-POPF. We 
also found that a combination of PCD and SLB (Video 1), 
observed in 9 patients, was the best predictor of both CR-
POPF and major complication (p < 0.001 for both compari-
sons) and may better surrogate the pancreatic traumatism 
preceding an unfavorable outcome while among 16 patients 
with SLB not associated to PCD (n = 10) or with PCD not 
associated with SLB (n = 6), no CR-POPF was observed and 
only three patients had a biochemical pancreatic leak (Video 
2). We believe that these findings should lead to undertake 
particular attention in postoperative management of patients 
with PCD/SLB, like (i) delaying retraction/removal of sur-
gical drain eventually after CT scan exclusion of abdomi-
nal collection, (ii) anticipating radiologic interventional Ta
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replacement of surgical drain even without sign of surgical 
drain obstruction, (iii) continuing intraoperative antibiotic 
profilaxis in the postoperative period even in the absence 
of drain infection, (iv) continuing Octreotide analogue 
administration after postoperative day three, even in case 
of amylase serum activity normalization. When looking 
for factors associated with PCD and SLB occurrence, we 
found that pancreatic thickness at pancreatic transection site 
was significantly higher among patients with PCD (19 mm) 
compared to non-PCD patients (13 mm, p < 0.001). How-
ever, differences in cartridge size, with higher rates of high 
volume cartridges used for patients with PCD, seem indicat-
ing that the weighted choice of the stapler cartridge accord-
ing to pancreatic thickness could not mitigate the risk of 
PCD among patients with thicker pancreas, because of the 
absence of an adequate cartridge for thick pancreas. Of 15 
patients with PCD, 9 had a pancreatic thickness higher than 
17 mm and remaining 6 had a median pancreatic thickness 
of 15 mm: this data support the results (strong agreement 
concerning the Statement 12–1) of the recent expert consen-
sus guidelines by the ISGPS on Pancreatic Transection Plane 
management following DP [33], suggesting that a stapled 
transection may not be indicated for patients with a thick 
pancreas undergoing DP. In the meantime, the relatively 
high incidence of PCD in the current study may account 
for the high rate of CR-POPF and of major complication 
in our experience: almost 1/3 of study patients had a major 

complication, however, this may be partially related to our 
extensive use of interventional radiology drain replacement 
in case of protracted pancreatic leak or of drain liquid infec-
tion. In addition, while 83% of patients with a major compli-
cation could be managed by interventional radiology, only 
17% (2 out of 12 patients) required a reoperation.

This study has some limitations: first of all the small num-
ber of patients included, which undoubtedly reduced the valid-
ity of our results and precluded from the assessment of PCD 
and SLB in multivariate analysis of factors independently 
associated with CR-POPF and major complications. However, 
only patients operated with a laparoscopic approach, using 
tri-rows stapler for pancreatic transection following prefiring 
compression (median time of 75 s in the overall study group) 
were included in this study, making our research actual, given 
that L-DP is not only superior to an open approach for benign 
and low-grade malignant tumors [34] but is also increasingly 
considered feasible, safe, and oncologically equivalent to open 
DP for pancreatic ductal adenocarcinoma (PDAC) even in case 
of advanced disease requiring vascular resection, when per-
formed at experienced centers [6, 7, 35]. Further limitations of 
this study are its retrospective nature and the unusual and not 
validated use of video-review to detect intraoperative factors 
associated with postoperative outcome, methodology which 
may be responsible for missing important un-investigated 
factors potentially affecting postoperative outcomes, how-
ever, data assessed in the current analyses were prospectively 

Fig. 3  Receiver operating char-
acteristics curves for pancreatic 
thickness in the prediction of 
postoperative outcomes. ROC 
means receiving operating 
curve; AUC  area under the 
curve, CI confidence interval, 
SE standard error, p values rep-
resent asymptotic significance 
(null hypothesis, AUC = .500); 
PCD means pancreatic capsule 
disruption; CR-POPF, clinically 
relevant postoperative pancre-
atic fistula
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collected and both preoperative CT scan assessment for pan-
creatic measures and video-review for intraoperative findings 
were performed by one radiologist and two surgeons with 
extensive experience in the field of pancreatic radiology and 
surgery and blinded for postoperative outcomes, increasing 
reliability of results and reducing impact of selection bias.

Finally, while acknowledging that pancreatic texture/con-
sistency may represent an important factor to take into account 
when investigating results of DP, due to the fact that pancre-
atic consistency was not specified in the majority of operative 
reports of our study patients, we could not include such char-
acteristic in the analysis of factors associated with postopera-
tive outcomes. However, from video reviews performed during 
preparation of the current manuscript, we had the impression 
that a dichotomous separation of patients based on pancreatic 
texture (“hard” versus “soft”) may lack precision when inves-
tigating stapled DP. Contrarily to pancreatoduodenectomy, 
where in the majority of available anastomotic techniques the 
pancreatic stump needs to be connected to the jejunum or to 
the stomach with a suture, highlighting the importance of pan-
creatic hardness for the anastomotic tightness, we believe that, 
during stapled DP, flexibility and elasticity of pancreas in toto 
and of pancreatic capsule in particular, more than pancreatic 
hardness, may reduce the risk of PCD/SBL during stapled 
transection.

In conclusion, this is the first study to associate intraop-
erative indicators of pancreatic traumatism detected by retro-
spective video-review of pancreatic transection step of L-DP 
with postoperative unfavorable outcomes. Patients with PCD, 
even more when this was concomitant to SBL, had increased 
rates of CR-POPF and postoperative major complication and 
may benefit from a stricter postoperative monitoring. Patients 
with a thicker pancreas are expected to have a higher risk of 
severe pancreatic traumatism during stapled transection, inde-
pendently of the adequate choice of cartridge size according 
to pancreatic thickness, indicating that, for patients with a 
thicker pancreas, alternative techniques to stapled pancreatic 
transection should be warranted [33]. However, larger studies 
are needed for validation of our findings.
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