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Background: Postoperative pancreatic fistula continues to occur frequently after
pancreatoduodenectomy.
Methods: We have described a modification of the Blumgart pancreaticojejunostomy. The modification
of the Blumgart pancreaticojejunostomy was compared to the Cattel-Warren pancreaticojejunostomy in
cohorts of patients matched by propensity scores based on factors predictive of clinically relevant
postoperative pancreatic fistula, which was the primary endpoint of this study. Based on a noninferiority
study design, 95 open pancreatoduodenectomies per group were needed. Feasibility of the modification
of the Blumgart pancreaticojejunostomy in robotic pancreatoduodenectomy was also shown. All pan-
creaticojejunostomies were performed by a single surgeon.
Results: Between October 2011 and May 2019, there were 415 pancreatoduodenectomies with either a
Cattel-Warren pancreaticojejunostomy (n ¼ 225) or a modification of the Blumgart pan-
creaticojejunostomy (n ¼ 190). There was 1 grade C postoperative pancreatic fistula in 190 consecutive
modification of the Blumgart pancreaticojejunostomies (0.5%). Logistic regression analysis showed that
the rate of clinically relevant postoperative pancreatic fistula was not affected by consecutive case
number. After exclusion of robotic pancreatoduodenectomies (the Cattel-Warren pan-
creaticojejunostomy: 82; modification of the Blumgart pancreaticojejunostomy: 66), 267 open pan-
creatoduodenectomies were left, among which the matching process identified 109 pairs. The
modification of the Blumgart pancreaticojejunostomy was shown to be noninferior to the Cattel-Warren
pancreaticojejunostomy with respect to clinically relevant postoperative pancreatic fistula (11.9% vs
22.9%; odds ratio: 0.46 [0.21e0.93]; P ¼ .03), grade B postoperative pancreatic fistula (11.9% vs 18.3%; P ¼
.18), and grade C postoperative pancreatic fistula (0 vs 4.6%; P ¼ .05) as well as to all secondary study
endpoints. The modification of the Blumgart pancreaticojejunostomy was feasible in 66 robotic pan-
creatoduodenectomies. In this subgroup with 1 conversion to open surgery (1.5%), a clinically relevant
postoperative pancreatic fistula occurred after 9 procedures (13.6%) with no case of grade C postoperative
pancreatic fistula and a 90-day mortality of 3%.
Conclusion: The modification of the Blumgart pancreaticojejunostomy described herein is noninferior to
the Cattel-Warren pancreaticojejunostomy in open pancreatoduodenectomy. This technique is also
feasible in robotic pancreatoduodenectomy.

© 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Despite availability of risk scores,1,2 use of mitigation strate-
gies,3-5 and definition of tailored treatment strategies,6-8 post-
operative outcome of pancreatoduodenectomy (PD) continues to
be influenced primarily by the incidence and severity of
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postoperative pancreatic fistula (POPF).9,10 If POPF could be avoided
completely, the outcome of PD would improve dramatically, but so
far no pancreatic anastomosis has been shown to be flawless.11

Difficulties in defining the ideal technique for pancreatic anasto-
mosis are probably compounded by the multifactorial origin of
POPFs that includes gland texture and duct size,1 nutritional fac-
tors,12,13 perioperative fluid management,14,15 surgeon’s experience
and proficiency,16 administration of octreotide,16 type of sutures,17

and patient’s specific characteristics, such as previous abdominal
operations and central obesity. It is therefore clear that no single
anastomosis is suitable for all recipients.11,18

In 2000, Blumgart et al described a new technique for pancreatic
anastomosis. The key innovation of this method was the tension-
free approximation of the jejunum to the pancreatic stump using
transfixing mattress sutures. The anastomosis was completed by a
standard duct-to-mucosa suture.19 The original Blumgart technique
was modified subsequently by decreasing the number of trans-
pancreatic sutures and by tying the sutures only once over the
anterior aspect of the jejunal limb, instead of first tying them on the
pancreas before placing the anterior seromuscular suture on the
jejunum.19-21 The modified Blumgart pancreaticojejunostomy (PJ)
became quickly popular, but the initially encouraging results22,23

were not confirmed in a randomized trial.21

We herein describe an additional modification of the Blumgart
PJ (mB-PJ) and provide a propensity score matched comparison
with the classic Cattel-Warren PJ (CW-PJ) in open PD. As minimally
invasive PD is gaining momentum, we also present the feasibility of
mB-PJ in robotic PD.

Materials and methods

This study was approved by the Institutional Review Board of
the University of Pisa (study code: 17214_BOGGI). A retrospective
analysis of a prospectively maintained database was performed for
all PDs performed at a single institution (Division of General and
Transplant Surgery, University of Pisa) between October 1, 2011,
and May 31, 2019.

Data were collected and analyzed according to the Strength-
ening the Reporting of Observational Studies in Epidemiology
guidelines for observational studies.24

Definition of outcome measures

POPF was defined and graded according to the 2016 update of
the International Study Group on Pancreatic Surgery (ISGPS).25

Grade B and grade C POPFs were considered clinically relevant
(CR-POPF). Delayed gastric emptying (DGE)26 and post-
pancreatectomy hemorrhage (PPH)27 were also defined and graded
according to the ISGPS criteria. Postoperative complications were
defined and graded according to the Dindo-Demartines-Clavien
classification.28 Complications graded �III were considered severe
complications. In patients with more than 1 complication, the
highest grade was considered. The comprehensive complication
index (CCI) was also calculated.29

Postoperative mortality was defined as a death within 90 days
after operation or during the hospital stay if greater.

Selection criteria and study endpoints

Patients undergoing open PD were included in the study if the
pancreatic anastomosis was performed using either the CW-PJ
(controls) or the mB-PJ (cases) and if all parameters needed to
calculate the clinical risk score for POPF (CRS-POPF)1 were avail-
able. All PJs were performed by a single surgeon (UB), who had
experience with >700 pancreatic anastomoses at the beginning of
the study period.

The primary study endpoint was incidence and severity (ie,
grade B or grade C) of CR-POPF.

Secondary study endpoints were the incidence and severity of
DGE, incidence and severity of PPH, incidence and severity of
postoperative complications, median levels of CCI, median levels of
drain amylase activity on postoperative days (POD) 3 and 5, need
for operative reintervention, need for interventional radiologic
procedures, need for interventional endoscopic procedures, dura-
tion of hospital stay, hospital readmission, and postoperative
mortality.

Study design

This study was designed as a 1:1 propensity scored matched
comparison between CW-PJ andmB-PJ with the aim of showing the
noninferiority of the mB-PJ with respect to incidence and severity
of CR-POPF. Groups were matched based on CRS-POPF and other
factors predictive of CR-POPF. Before matching the 2 groups, the
importance of each matching parameter was verified in our patient
population. Finally, the importance of increasing experience was
also assessed to rule out any effect of time-dependent factors on
occurrence of CR-POPF.

In an additional analysis, results of mB-PJ in contemporary ro-
botic PDs are presented to show the feasibility of this type of
anastomosis under robotic assistance.

Sample size calculation

Based on an estimated incidence of CR-POPF of 15% in CW-
PJ,21,30 we calculated that at least 190 patients (95 per group) were
needed to verify the study hypothesis with a power of 85% and an
alpha value of 5%.

Operative techniques for pancreaticojejunostomy

With both anastomotic techniques, the pancreatic stump was
dissected for 1 to 1.5 cm while paying careful attention to preserve
blood supply. Stents were employed selectively at the surgeons’
discretion.

CW-PJ was performed using a classic technique. Briefly, the first
jejunal loop was gently approximated to the pancreatic stump us-
ing interrupted sutures of 5/0 or 4/0 polypropylene placed between
the seromuscular layer of the jejunum and the posterior surface of
the pancreatic body. A duct-to-mucosa anastomosis was then per-
formed using 5/0 polypropylene sutures. The anastomosis was
completed by placing an anterior row of interrupted sutures of 5/
0 or 4/0 polypropylene sutures between the jejunum and the
pancreas (Fig 1).

The original Blumgart technique was modified in several re-
spects. First, double-armed 3/0 polypropylene sutures (4/
0 expanded polytetrafluoroethylene in robotic PD) were used in
place of polyglactin 910 sutures. Second, the number of trans-
pancreatic sutures was decreased from between 4 and 6 to 2. Third,
transpancreatic sutures were tied just once over the jejunum.
Fourth, a U-shaped suturewas placed between the jejunum and the
pancreatic capsule posterior to the pancreatic duct. Fifth, a similar
U-shaped suturewas placed anterior to the pancreatic duct. Sixth, 2
“half-purse string sutures” were placed at the corners of the
pancreatic anastomosis. The mB-PJ is shown steps in Fig 2 to 4.

After completion of the pancreatic anastomosis, all retroperi-
toneal vessels (i.e. hepatic artery, superior mesenteric artery, and
superior mesenteric/portal vein) were covered using an omental
flap and drains were left near the PJ.



Fig. 1. (A) The proximal jejunum is positioned near to the pancreatic stump. Interrupted sutures are placed between the capsule and tissue of the body of the pancreas and the
seromuscular layer of the bowel (details shown in the circle). (B) A small opening is made in the jejunum opposite to the divided pancreatic duct, and a duct-to-mucosa anastomosis
is performed. (C) The anastomosis is completed by placing a row of interrupted sutures between the pancreatic tissue and capsule and the seromuscular layer of the jejunum.

Fig. 2. Posterior anastomotic layer of mB-PJ. (A) A temporary stent indicates location and direction of the main pancreatic duct. Using a double-armed suture, a transpancreatic
stitch is placed to anchor the jejunum to the pancreatic remnant. (B) A U-shaped suture is placed between the seromuscular layer of the jejunum, close to the mesenteric border, and
the pancreatic capsule posterior to the pancreatic duct. (C) After placing a second transpancreatic suture caudad to the Wirsung’s duct, the U-shaped suture placed posterior to the
pancreatic duct is tied over the jejunum.
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Statistical analysis

Categorical variables are summarized as frequencies, percent-
ages, and rates. Continuous variables are expressed as mean ± SD if
normally distributed or as median and interquartile range if not.
The Kolmogorov-Smirnov test was used to assess normality dis-
tribution. CRS-POPF was validated in our series using Cochran-
Armitage test for trend.

The c2 test was used to evaluate the presence of an association
between surgical technique (CW-PJ and mB-PJ) and outcome (CR-
POPF). As an estimate of the effect size, the odds ratio (OR) was
used. Univariate logistic regressions were performed to identify all
statistically significant predictors of CR-POPF and their distribution
in the 2 study groups.
Propensity score analysis was performed to balance possible
confounders between the 2 study groups. Accordingly, linear
propensity score values were used to conduct a greedy match by
using the nearest-neighbor method and 1-to-1 ratio, with
replacement, within a specific caliper width of 0.25 SD of the
logit of the estimated propensity score, starting the match from
cases with the greatest propensity score. Postmatching covariance
analysis and sensitivity analysis were then evaluated using the
Rosenbaum test for the Wilcoxon signed rank P value. The
ensuing statistical models were used to define the point estimate
and 95% confidence intervals (OR ± 95% CI) of the effect size and
to evaluate the efficacy of mB-PJ with respect to CR-POPF. For the
statistical significance of the test, a power ¼ 80%, P < .05, 2-tailed
significance level was used.



Fig. 3. Duct-to-mucosa anastomosis of mB-PJ. (A) Posterior layer of the duct-to-mucosa anastomosis. (B) Completed duct-to-mucosa anastomosis.

Fig. 4. Anterior anastomotic layer of mB-PJ. Two half purse string sutures are placed at the corners of pancreatic anastomosis, the transpancreatic sutures are placed over the
anterior aspect of the jejunum, and a U-shaped suture is placed between the jejunum and the pancreas in front to the pancreatic duct. Half purse string sutures are created in 4
steps. (A) First, a transpancreatic suture is placed near the pancreatic margin, approximately 1 cm from the cut end of the pancreatic stump. (B) Second, the suture is advanced into
the jejunum, close to the mesentery, and in a direction parallel to the long axis of the bowel. (C) Third, the suture is further placed on the jejunum in the direction of the short axis, 1
cm from the anastomotic corner. (D) Fourth, the suture is placed again on the antimesenteric aspect of the jejunum at the projected level of the anastomotic corner on the same line
where all anterior sutures will be placed. (E) All anterior sutures are in place. (F) Sutures tied over the jejunum.
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Propensity score matching was performed using R Package (R
Foundation for Statistical Computing, Vienna Austria). Propensity
score analysis was carried out using the integrated development
environments, RStudio (RStudio, Boston, MA), and Matching,
MatchIt, Zelig, and twang packages (R Foundation for Statistical
Computing).

The effect of time on occurrence of CR-POPF was assessed by a
logistic regression analysis comparing the incidence of CR-POPF to
the chronologic order of the procedures.

For sample size calculation PASS 2005 software package (NCSS,
and PASS; NCSS Statistical Software, Kaysville, UT) was used.

All statistical analysis, except for propensity score matching and
sample size calculation, were carried-out with JMP 9.0.1 software
package for Mac (SAS Institute, Inc, Cary, NC) and SPSS Statistics for
Mac, Version 20.0 (IBM Corporation, Armonk, NY).
Results

Figure 5 presents the study flow chart. PD with CW-PJ and PD
mB-PJ were different for several risk factors known to influence the
occurrence of CR-POPF, thus underscoring the need for careful
matching. It is worth noting that only 1 grade C POPF was recorded
in 190 consecutive mB-PJ (0.5%).
Internal validation of CRS-POPF and identification of other factors
predictive for CR-POPF in open PD

As shown in Table I, CRS-POPF was confirmed to predict the occur-
rence of CR-POPF in open PD. In detail, CR-POPF occurred in 1 of 15
patients (6.6%) in the negligible-risk group, in 4 of 44 patients (9.0%) in



Fig. 5. Study flow chart.
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the low-risk group, in 32/157 patients (20.3%) in the intermediate-risk
group, and in 21 of 51 patients (41.1%) in the high-risk group (P< .0001).

Individual factors shown to influence the occurrence of CR-POPF
were soft gland texture (P ¼ .05), tumor type other than pancreatic
cancer (P < .0001), and duct size �3 mm (P < .0001). Estimated
blood loss >1,000 mL did not individually predict occurrence of CR-
POPF but was included in the variables used to match the 2 groups,
being one of the factors contributing to CRS-POPF.

Other factors shown to predict the occurrence of CR-POPF were
mean body mass index (P < .0001), heart disease (P ¼ .01), hyper-
tension (P ¼ .03), diabetes mellitus (P ¼ .05), and vascular resection
(P ¼ .0023). Cardiopathy, hypertension, diabetes mellitus, and
vascular resection were not included among matching parameters,
because these variables were evenly distributed in the 2 groups at
the baseline.

Impact of increasing experience on occurrence of CR-POPF

As shown in Fig 6, the rate of CR-POPF remained steady during
the study period for either mB-PJ or CW-PJ. As a consequence,
increasing experiencewas not shown to influence the occurrence of
CR-POPF in this study.

Comparison of matched cohorts

Thematching process identified 2 groups of 109 pairs. As shown
in Table II, the 2 groups were matched for all variables shown to
predict the occurrence of CR-POPF in this series.

In matched cohorts, CR-POPF occurred in 25 patients (22.9%)
after CW-PJ and in 13 patients (11.9%) after mB-PJ, with an OR be-
tween mB-PJ and CW-PJ of 0.46 (0.21e0.93; P ¼ .03). In detail,
grade-B POPF was recorded in 20 patients (18.3%) after CW-PJ and
in 13 patients (11.9%) after mB-PJ (P ¼ .18). Equivalent figures for
grade-C POPF were 5 (4.6%) and 0 (P ¼ .05).

No difference was noted with respect to all secondary study
endpoints, except grade-B DGE (CW-PJ: 33 patients; 30.3%) (mB-PJ:
15 patients; 13.8%) (P¼ .003). The overall rate of DGE, as well as the
rate of grade-A and grade-C DGE, were similar in the two study
groups. As detailed in Table III, differences were noted in other
outcome variables not included among study endpoints, such as
operative time, use of duct stents, and number of surgical drains.

Feasibility of mB-PJ in robotic PD and associated results

During the study period, a total of 148 robotic PDs were per-
formed with either a CW-PJ or a mB-PJ (148 of 415; 35.6%). In 66
patients (44.6%), the pancreatic anastomosis was a mB-PJ. This
group included 22 male patients (33.3%) with a mean body mass
index of 23.8 ± 3.5 kg/m2 and a median CRS-POPF of 4 (2e5.2).
Gland texture was soft in 46 patients (69.7%), duct size was �3 mm
in 16 patients (24.2%), tumor type was different from pancreatic
cancer in 21 patients (31.8%), and estimated blood loss exceeded
1,000 mL in 17 patients (25.8%).

Considering these risk factors, CR-POPF occurred in 9 patients
(13.6%). All CR-POPF were grade B.

DGE occurred in 33 patients (50%) (grade-C DGE: 19.7%) and PPH
in 6 patients (9.1%) (grade-C PPH: 7.6%). Severe complications were
recorded in 15 patients (22.7%), with a median CCI of 20.9 (0e34.6)
and a 90-day mortality of 3%. The median level of drain amylase
was 144 U/L (23.5e1,103) on POD 3 and 32 U/L (11.7e291.2) on POD
5. Nine patients (13.6%) required interventional radiology proced-
ures, and 5 patients (7.6%) required repeat surgery. No patient
required postoperative endoscopic procedures. Median length of
hospital stay was 17 days (12e25.2), and 4 patients (6.1%) required
hospital readmission within 90 days.

Discussion

In July 1848 in an issue of the journal Les Guêpes, Jean-Baptiste
Alphonse Karr wrote “the more things change, the more they stay
the same.” Although Karr was not discussing pancreatic anasto-
mosis, this epigram perfectly describes the never-ending fight
against POPF. Indeed, enthusiastic reports on techniques without
failure31 were not confirmed in subsequent series.32,33 Pancreatic
surgeons are nowmore aware about etiology, mitigation strategies,
course, and treatment of POPF, but they cannot completely avoid
it.11 Reduction in the frequency and severity of POPF, however,
strongly depends on appropriate anastomotic technique.



Table I
Univariate logistic regression analysis of the factors predictive of CR-POPF

CR-POPF No CR-POPF Overall P (test)

Number of patients (%) 58 (21.7%) 209 (78.3%) 267 (100%) -
Age (y), median (IQR) 71 (66.7e75.8) 71 (63e78) 71.1 (64e77.1) .63 (Wilcoxon)
Sex, male (%) 35 (60.3%) 114 (54.5%) 149 (55.8%) .43 (Pearson)
BMI, kg/m2, mean ( ± SD) 26 ( ± 3.1) 24 ( ± 3.6) 24.5 ( ± 3.6) < .0001 (t test)
Prior abdominal operations, number (%) 37 (63.8%) 121 (57.9%) 158 (59.2%) .42 (Pearson)
ASA score, median (IQR) 3 (3e3) 3 (3e3) 3 (3e3) .84 (Wilcoxon)
ASA category, number (%)
I 0 (0%) 0 (0%) 0 (0%) NA
II 11 (19%) 46 (22%) 57 (21.3%) .61 (Pearson)
III 41 (70.7%) 138 (66%) 179 (67%) .50 (Pearson)
IV 6 (10.3%) 25 (12%) 31 (11.6%) .73 (Pearson)

Neoadjuvant chemotherapy, number (%) 3 (5.2%) 19 (9.1%) 22 (8.2%) .43 (Fisher)
Cardiovascular disease, number (%) 21 (36.2%) 42 (20.1%) 63 (23.6%) .01 (Pearson)
COPD, number (%) 8 (13.8%) 17 (8.1%) 25 (9.4) .19 (Pearson)
Hypertension, number (%) 35 (60.3%) 93 (44.5%) 128 (47.9%) .03 (Pearson)
Diabetes mellitus, number (%) 8 (13.8%) 54 (25.8%) 62 (23.2%) .05 (Pearson)
Presence of symptoms, number (%) 46 (79.3%) 187 (89.5%) 233 (87.3%) .05 (Pearson)
Pain 19 (32.8%) 77 (36.8%) 96 (36%) .56 (Pearson)
Jaundice 31 (53.4%) 126 (60.3%) 157 (58.8%) .35 (Pearson)

CRS-POPF, median (IQR) 6 (4e7) 4 (2e6) 4 (3e6) < .0001 (Wilcoxon)
CRS-POPF risk categories; number (%)
Negligible risk 1 (1.7%) 14 (6.7%) 15 (5.6%) .20 (Fisher)
Low risk 4 (6.9%) 40 (19.1%) 44 (16.5%) .03 (Fisher)
Intermediate risk 32 (55.2%) 125 (59.8%) 157 (58.8%) .52 (Pearson)
High risk 21 (36.2%) 30 (14.3%) 51 (19.1%) < .0002 (Pearson)

Soft gland texture, number (%) 36 (62.1%) 99 (47.4%) 135 (50.6%) .05 (Pearson)
Tumor type other than pancreatic cancer, number (%) 34 (58.6%) 61 (29.2%) 95 (35.6%) < .0001 (Pearson)
Duct size, number (%)
�5 mm 10 (17.2%) 113 (54.1%) 123 (46.1%) < .0001 (Pearson)
4 mm 10 (17.2%) 29 (13.9%) 39 (14.6%) .52 (Pearson)
3 mm 11 (19%) 26 (12.4%) 37 (13.9%) .2 (Pearson)
2 mm 20 (34.5%) 36 (17.2%) 56 (21%) .0043 (Pearson)
�1 mm 7 (12.1%) 5 (2.4%) 12 (4.5%) .005 (Pearson)

Duct size �3 mm, number (%) 38 (65.5%) 67 (32%) 105 (39.3%) < .0001 (Pearson)
Estimated blood loss, number (%)
�400 mL (%) 17 (29.3%) 48 (23%) 65 (24.3%) .32 (Pearson)
401e700 mL (%) 9 (15.5%) 40 (19.1%) 49 (18.3%) .52 (Pearson)
701e1,000 mL (%) 7 (12.1%) 34 (16.3%) 41 (15.4%) .43 (Pearson)
>1,000 mL (%) 25 (43.1%) 87 (41.6%) 112 (41.9%) .84 (Pearson)

Estimated blood loss (cc), median (IQR) 899 (332e1340) 842 (446e1332) 848 (432e1335) .96 (Wilcoxon)
Pylorus preservation, number (%) 48 (82.8%) 143 (68.4%) 191 (71.5%) .03 (Pearson)
Vascular resection, number (%) 15 (25.9%) 101 (48.3%) 116 (43.4%) .0023 (Pearson)
Vein resection 14 (24.1%) 94 (45%) 108 (40.4%) .004 (Pearson)
Arterial resection 1 (1.1%) 2 (1.6%) 3 (1.1%) .52 (Fisher)
Arterial and vein resection 0 (0%) 5 (2.4%) 5 (1.9%) .59 (Fisher)

Pathology, number (%)
Pancreatic cancer 20 (34.5%) 119 (56.9%) 139 (52.1%) .0025 (Pearson)
Ampullary adenocarcinoma 6 (10.3%) 14 (6.7%) 20 (7.5%) .35 (Pearson)
Malignant IPMN 3 (5.2%) 24 (11.5%) 27 (10.1%) .21 (Fisher)
Cholangiocarcinoma 6 (10.3%) 10 (4.8%) 16 (6%) .11 (Pearson)
Neuroendocrine tumor 4 (6.9%) 5 (2.4%) 9 (3.4%) .11 (Fisher)
Serous cystoadenoma 1 (1.7%) 3 (1.4%) 4 (1.5%) 1.00 (Fisher)
IPMN 4 (6.9%) 6 (2.9%) 10 (3.7%) .23 (Fisher)
Chronic pancreatitis 1 (1.7%) 5 (2.4%) 6 (2.2%) 1.00 (Fisher)
Neuroendocrine carcinoma 1 (1.7%) 2 (1%) 3 (1.1%) .52 (Fisher)

Bolded values mean that statistical significance was reached.
ASA, American Society of Anesthesia, BMI, body mass index; COPD, chronic obstructive pulmonary disease; IPMN, intraductal papillary mucinous
neoplasm.

F. Menonna et al. / Surgery xxx (2020) 1e96
In the year 2000, Blumgart described a new technique for PJ
after PD.34 Results were first reported in 2010 showing a rate of
3.7% of grade-B POPF and 3.2% of grade-C POPF.19 One year
earlier, a German group had reported the results of the “modified
Blumgart technique,” demonstrating excellent results in com-
parison with CW-PJ.20 However, while Blumgart PJ is clearly a
good anastomotic technique,22,23,35 there is still no high-level
evidence supporting the preferential use of this type of pancre-
atic anastomosis.21
Our additional modifications to the Blumgart PJ have not elim-
inated the occurrence of CR-POPF after PD. Honestly, we believe
that no surgical technique can do so. At least having further
simplified the Blumgart PJ allowed us to achieve acceptable results
that were noninferior to those obtained with the CW-PJ. We believe
that 2 of our modifications are particularly relevant. First, as
described also by Hirono21 and Satoi,36 2 mattress sutures are
sufficient to join the jejunal loop to the pancreatic remnant. Second,
application of 2 “half purse string” sutures at the corners of the



Fig. 6. Logistic regression analysis for probability of CR-POPF versus number of pro-
cedures (in chronological order) for mB-PJ (A) and CW-PJ (B) groups.

Table II
Baseline characteristics of matched cohorts of patients undergoing

CW-PJ

Number of patients (%) 109 (5
Sex, male (%) 61 (56
BMI, kg/m2, mean ( ± SD) 24.2 (
CRS-POPF, median (IQR) 4 (3e6
Soft gland texture, number (%) 56 (51
Tumor type other than pancreatic cancer, number (%) 38 (34
Duct size �3 mm, number (%) 35 (32
Estimated blood loss >1,000 mL, number (%) 41 (37
Age (y), median (IQR) 69 (63
ASA score, median (IQR) 3 (3e3
Prior abdominal operation, number (%) 64 (58
Cardiovascular disease, number (%) 20 (18
COPD, number (%) 12 (11
Hypertension, number (%) 47 (43
Diabetes mellitus, number (%) 25 (22
Presence of symptoms, number (%) 92 (84
Pain 34 (31
Jaundice 71 (65

Vascular resection, number (%) 43 (39
Neoadjuvant chemotherapy, number (%) 8 (7.3%

ASA, American Society of Anesthesia, BMI, body mass index; COPD,
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anastomosis further improves coverage of the cut end of the
pancreatic stump. These modifications ensure tight approximation
of the jejunal limb to the pancreatic stump and minimize the
possibility of unintentional transfixion of the pancreatic duct. The
nonsutured area that is left posterior and anterior to the pancreatic
duct is fixed by 2, U-shaped, nonmattress sutures between the
seromuscular layer of the jejunum and the pancreatic remnant.
Indeed, as in the original Blumgart technique19 and at a difference
from several descriptions of modified Blumgart anastomosis,22,37

we do not place transpancreatic sutures straddling the pancreatic
duct, as it could result in compression of the duct especially in soft
pancreases with small ducts. To the best of our knowledge, this
occurrence has never been described, possibly because authors
using this technique routinely place duct stents.22,37 If a stent is not
placed, especially in robotic PDwhere there is no tactile feedback,38

excessive tension on the central transpancreatic suture could result
in strangulation of the pancreatic duct.

In 190 consecutive PDs inwhich the pancreatic anastomosis was
a mB-PJ, we recorded 1 case of grade-C POPF (0.5%). Only Hirono
et al reported no grade-C POPF in 107 PDs using a modified
Blumgart anastomosis.21 In other series, the rate of grade-C POPF
ranged from 1.5 to 5.5%.19,22,36,37,39,40

In the matched comparison, mB-PJ was noninferior to CW-PJ.
Secondary outcomes measures were also in keeping with the
noninferiority hypothesis.

In an additional analysis, we have shown that mB-PJ is feasible
also in robotic PD and is associated with acceptable results. In
particular, despite reporting only on 66 consecutive procedures, we
had no case of grade-C POPF. Although we believe that robotic
assistance permits all types of pancreatic reconstructions, having a
simplified the technique of pancreatic anastomosis could be
rewarding at the end of a complex and demanding procedure such
as robotic PD.

In general, in this series we had an acceptable rate of grade-C
POPF. Grade-B POPF, instead, occurred more frequently than
hoped, especially when a CW-PJ was employed. We believe that
this result can be explained by the overall high risk of POPF in our
series. Indeed, besides the traditional risk factors for POPF, in our
study population a vein resection was required in 40% of the
open PD and pancreatic anastomosis by CW-PJ and mB-PJ

mB-PJ Overall P (test)

0%) 109 (50%) 218 -
%) 62 (56.9%) 123 (56.4%) .89 (Pearson)
± 3.5) 24.6 ( ± 3.8) 24.5 ( ± 3.7) .4 (t test)
) 4 (2e6) 4 (3e6) .97 (Wilcoxon)
.4%) 54 (49.5) 110 (50.5%) .78 (Pearson)
.9%) 35 (32.1%) 73 (33.5%) .67 (Pearson)
.1%) 39 (35.8%) 74 (33.9%) .57 (Pearson)
.6%) 41 (37.6%) 82 (37.6%) 1.00 (Pearson)
e76) 71 (63e77) 70 (63e76) .59 (Wilcoxon)
) 3 (3e3) 3 (3e3) .27 (Wilcoxon)
.7%) 63 (57.8%) 127 (58.3%) .89 (Pearson)
.3%) 26 (23.8%) 46 (21.1%) .32 (Pearson)
%) 9 (8.3%) 21 (9.6%) .49 (Pearson)
.1%) 51 (46.8%) 98 (44.9%) .58 (Pearson)
.9%) 29 (26.6%) 54 (24.8%) .53 (Pearson)
.4%) 101 (92.7%) 193 (88.5%) .06 (Pearson)
.2%) 46 (42.2%) 80 (36.7%) .09 (Pearson)
.1%) 66 (60.6%) 137 (62.8%) .48 (Pearson)
.4%) 53 (48.6%) 96 (44%) .17 (Pearson)
) 13 (11.9%) 21 (9.6%) .25 (Pearson)

chronic obstructive pulmonary disease.



Table III
Primary and secondary study endpoints, and other outcome variables, in matched cohorts of patients undergoing open PD with CW-PJ and mb-PJ

CW-PJ mB-PJ Overall P (test)

Number of patients (%) 109 (50.0%) 109 (50.0%) 218 (100%)
Primary study endpoint
CR-POPF, number (%) 25 (22.9%) 13 (11.9%) 38 (17.4%) .03 (Pearson)
Grade-B POPF 20 (18.3%) 13 (11.9%) 33 (15.1%) .18 (Pearson)
Grade-C POPF 5 (4.6%) 0 (0%) 5 (2.3%) .05 (Fisher)

Secondary study endpoints
DGE, number (%) 64 (58.7%) 53 (48.6%) 117 (53.7%) .13 (Pearson)
Grade-A DGE 33 (30.3%) 15 (13.8%) 48 (22%) .003 (Pearson)
Grade-B DGE 23 (21.1%) 23 (21.1%) 46 (21.1%) 1.00 (Pearson)
Grade-C DGE 8 (7.3%) 15 (13.8%) 23 (10.5%) .12 (Pearson)

PPH, number (%) 10 (9.2%) 9 (8.3%) 19 (8.7%) .81 (Pearson)
Grade-A PPH 0 0 0 NA
Grade-B PPH 2 (1.8%) 1 (0.9%) 3 (1.4%) 1.00 (Fisher)
Grade-C PPH 8 (7.3%) 8 (7.3%) 16 (7.3%) 1.00 (Pearson)

Postoperative complications, number (%)
Grade I 13 (11.9%) 9 (8.3%) 22 (10.1) .37 (Pearson)
Grade II 54 (49.5%) 42 (38.5%) 96 (44%) .10 (Pearson)
Grade IIIa 10 (9.2%) 13 (11.9%) 23 (10.5%) .51 (Pearson)
Grade IIIb 4 (3.7%) 11 (10.1%) 15 (6.9%) .11 (Fisher)
Grade IVa 5 (4.6%) 1 (0.9%) 6 (2.7%) .21 (Fisher)
Grade IVb 0 1 (0.9%) 1 (0.5%) 1.00 (Fisher)
Grade V 5 (4.6%) 9 (8.3%) 14 (6.4%) .41 (Fisher)

Severe postoperative complications, number (%) 24 (22%) 35 (32.1%) 59 (27.1%) .10 (Pearson)
CCI, median (IQR) 23 (9e31) 30 (9e42) 24.2 (9e40.5) .23 (Wilcoxon)
Drain amylase POD 3, median (IQR) 48.5 (13e488) 57.5 (13e1393) 50.5 (13e655.5) .62 (Wilcoxon)
Drain amylase POD 5, median (IQR) 19 (6e360) 24 (7e533) 20 (6.5e485) .38 (Wilcoxon)
Reoperation, number (%) 9 (8.3%) 13 (11.9%) 22 (10.1%) .37 (Pearson)
Interventional radiologic procedures, number (%) 13 (11.9%) 15 (13.8) 28 (12.8%) .68 (Pearson)
Endoscopic interventional procedures, number (%) 2 (1.8%) 2 (1.8%) 4 (1.8%) 1.00 (Fisher)

Duration of hospital stay, median (IQR) 18 (13e25) 21 (14e30) 19.5 (13e27) .10 (Wilcoxon)
Hospital readmission, number (%) 17 (15.6%) 11 (10.1%) 28 (12.8%) .22 (Pearson)

Other outcome variables
Biochemical leak, number (%) 10 (9.2%) 17 (15.6%) 27 (12.4%) .15 (Pearson)
Operative time (min), median (IQR) 450 (370e515) 545 (460e605) 485 (420e575) < .0001 (Wilcoxon)
Estimated blood loss (mL), median (IQR) 842 (378e1,307) 758 (435e1,306) 762 (388e1,304) .98 (Wilcoxon)
Patients receiving RBC transfusions, number (%) 49 (45.4%) 38 (34.9%) 87 (40.1%) .11 (Pearson)
Transfused RBC units, median (IQR) 0 (0e1) 0 (0e1) 0 (0e1) .18 (Wilcoxon)
Use of duct stents, number (%)* 68 (74.7%) 13 (11.9%) 81 (40.5%) < .0001 (Pearson)
Surgical drains, median (IQR)y 4 (4e4) 3 (2e3) 3 (2e4) < .0001 (Wilcoxon)
Patients discharged with an abdominal drain, number (%) 17 (15.6%) 15 (13.8%) 32 (14.7%) .70 (Pearson)
Origin of PPH, number (%)
Intraluminal 0 2 (1.8%) 2 (0.9%) .50 (Fisher)
Extraluminal 9 (8.3%) 4 (3.7%) 13 (6%) .25 (Fisher)
Intraluminal and extraluminal 1 (0.9%) 3 (2.7%) 4 (1.8%) .62 (Fisher)

GDA pseudoaneurysm, number (%) 0 (0%) 1 (0.9%) 1 (0.5%) 1.00 (Fisher)

Bolded values mean that statistical significance was reached.
GDA, gastroduodenal artery; IQR, interquartile range; PDAC, pancreatic duct adenocarcinoma; RBC, red blood cells.

* Data missing for 18 CW-PJ.
y Data missing for 29 CW-PJ and 2 mB-PJ.
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procedures, whereas neoadjuvant medical treatments were used in
only 8% of the patients. Pancreatectomy with vein resection is
associated with a higher incidence of several postoperative com-
plications including POPF,41 whereas the use of neoadjuvant med-
ical therapies is often associated with reduced rates of POPF due to
chemotherapy-induced fibrosis on pancreatic parenchyma.42,43

Additionally, as per institutional policy, until recently we have
used octreotide as a prophylaxis against POPF. Recent evidence
shows that octreotide, far from being protective, could instead
facilitate the occurrence of CR-POPF.16

This study has several limitations. First, despite prospective
collection of data, the retrospective analysis carries the inherent
risk of hidden biases mostly related to patient selection. Second,
use of mitigation strategies andmanagement of POPF has improved
over time thus potentially introducing time-dependent biases in a
before-after study. However, we have shown that the date of sur-
gery did not influence the occurrence of CR-POPF in this study,
probably because all anastomoses were performed by a single
surgeon who had already surpassed the learning curve at the
beginning of the study period. Third, despite reporting on a
relatively large number of pancreatic reconstructions, the power of
our study may not be sufficient to depict the full spectrum and
severity of complications occurring after a mB-PJ. Fourth, this series
of PDs was performed at a single institution by a single surgeon,
thereby limiting the generalizability of the results.

In conclusion, we have described several additional modifica-
tions to the Blumgart anastomosis. mB-PJ was associated with
acceptably low rates of CR-POPF, especially of grade-C POPF, and
was proven to be noninferior to CW-PJ in open PD. mB-PJ was
feasible also in robotic PD.
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