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Background
Pancreatic fistula remains the most dangerous complication after
pancreatoduodenectomy (PD). This study aimed to identify the operative risk
factors for clinically relevant-postoperative pancreatic fistula (CR-POPF) after PD.
Methods
This prospectivemulticenter cohort study investigated the association betweenCR-
POPF and operative risk factors in 107 patients who underwent PD at three tertiary
centers from August 2017 to July 2022.
Results
The incidence of CR-POPF was 26.2%. With univariate analysis, soft pancreatic
texture, pancreatic duct diameter (≤3mm), right-sided pancreatic transection,
absorbable suture, pancreatico-enteric anastomosis invagination technique,
non-stented pancreatic drainage, internal pancreatic drainage, long anastomotic
time (>40min), and R1 resection margin were risk factors for CR-POPF.
Multivariate analysis identified four independents risk factors for CR-POPF: (1)
soft pancreatic texture (OR 0.219; 95% CI 0.061–0.792; P<0.021), (2) small main
pancreatic duct diameter (OR 0.280; 95% CI 0.086–0.910; P<0.034), (3) right-
sided pancreatic transection (OR 0.168; 95% CI 0.032–0.881; P<0.035), and (4)
non-stented pancreatic drainage (OR 3.771; 95% CI 1.147–12.401; P<0.029).
Conclusion
The incidence of CR-POPF after PD is reduced significantly by left-sided pancreatic
transection and pancreatic drainage. Soft pancreatic texture and small main
pancreatic duct diameter are independent risk factors for CR-POPF, and
clinically postoperative prophylactic measures should be implemented as soon
as possible.
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Background
Pancreaticoduodenectomy (PD) is a common
treatment for benign and malignant periampullary
and pancreatic disorders [1,2]. PD is technically
difficult and has up to 50% morbidity and 5%
mortality [2,3]. Postoperative pancreatic fistula
(POPF) is the most serious and life-threatening
complication of PD, with total POPF ranging from
7–60% and clinically significant (CR) POPF from
7–42% [4,5]. CR-POPF causes abdominal abscesses,
delayed stomach emptying, pseudoaneurysms, and
bleeding, with a 40% mortality rate [2]. Also, it
increases hospitalization, healthcare expenses, and
reinterventions, lowering patient quality of life [5].

Despite improvements in surgical procedures and
postoperative care, CR-POPF remains the most
difficult and severe complication of PD [4], and it
represents the main issue prohibiting surgeons from
performing PD [2]. CR-POPF risk factors include
patient-related factors (age, sex, obesity, preoperative

bilirubin level, pancreatic texture, main pancreatic
duct diameter (MPDD), and pathological type) and
surgical procedure-related factors (type of PD, types
of anastomoses, methods of pancreatic reconstruction,
blood loss and transfusion, operative time, and
surgeon’s experiences) [2,6]. However, no single
factor has been identified, but several factors
have been identified across several studies. As the
CR-POPF rate decreases, morbidity and
mortality rates will decrease [5]. The best surgical
procedure to reduce CR-POPF rates is still
debated, but pancreaticojejunostomy (PJ) versus
pancreaticogastrostomy (PG), end-to-side vs. end-
to-end PJ, duct-to-mucosa vs. dunking anastomosis,
and internal versus external stents are all options. This
study identified operative risk factors for CR-POPF

This is an open access journal, and articles are distributed under the terms

of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0

License, which allows others to remix, tweak, and build upon the work

non-commercially, as long as appropriate credit is given and the new

creations are licensed under the identical terms.

848 Original article

© 2023 The Egyptian Journal of Surgery | Published by Wolters Kluwer - Medknow DOI: 10.4103/ejs.ejs_164_23

7 December 2023

mailto:mohamed_ali@med.svu.edu.eg


post-PD to decrease fistula and ensure diligent follow-
up for high-risk patients.

Methods
This study is a prospective multicenter cohort study.
Ethical committee approval for the study was obtained.
The study was registered in the ClinicalTrials.gov
database. This work has been reported per the
STROCSS guidelines [7]. Written informed consent
was obtained from all participants.

Trial design and participants
This prospective multicenter cohort study included all
consecutive patients (107 patients) treated with PD
fromAugust 2016 to July 2022 in three tertiary centers.
The inclusion criteria were patients with resectable
distal CBD carcinoma, periampullary carcinoma,
duodenal carcinoma, and carcinoma of the head of
the pancreas, American Society of Anesthesiologists
(ASA) scores I & II, patients aged ≤70 years, and
agreement to complete the study. Patients with benign
disease, trauma, who receive neoadjuvant therapy, and
double primary cancers were excluded.

Data collection included patient demographics,
clinical presentations, and operative details.

Preoperative assessment
All patients were evaluated clinically, laboratory, and
radiologically. A detailed medical history and complete
examination of all cases were done. Laboratory tests
included complete blood picture, random blood sugar,
coagulation profile, renal function tests, liver function
tests, serum amylase and lipase, serology markers, and
tumor markers (CEA, CA 19-9). Radiological
evaluations included abdominal ultrasound (US),
computed tomography (CT), and/or magnetic
resonance cholangiopancreatography (MRCP) scan
for confirmation of the diagnosis, staging,
assessment of the operability, and the underlying
status of the pancreas. Preoperative endoscopic
retrograde cholangiopancreatography (ERCP) and
stenting or percutaneous transhepatic drainage
(PTD) were done according to the patient’s condition.

Operative procedure
All operations were done by experienced skilled
hepatobiliary surgeons (HBS) in the form of
standard PD or pylorus-preserving PD (PPPD) with
standard steps. The pancreatic parenchyma texture was
assessed subjectively by the surgeon as either soft or
firm. The pancreatic neck’s parenchyma was transected
by a sharp scalpel, electrocautery device, or

ultrasonically activated device (Harmonic). The level
of pancreatic neck transection may be right (at the right
of the left side of the portal vein) or left-sided
pancreatic transection (at the left of the left side of
the portal vein) was done. The MPDD was measured
with a small ruler. Segmental resection of the portal
vein (PV) and/or superior mesenteric vein (SMV) was
done when indicated. D2 lymphadenectomy was
routinely carried out. The pancreatico-enteric
anastomosis was done either in the form of PG or
PJ with duct-to-mucosa or invagination anastomosis
technique. The pancreatico-enteric anastomosis was
done either with absorbable (polydioxanone − PDS
II or Polyglactin 910 − Vicryl) or nonabsorbable suture
(polypropylene − Prolene or Polyester −Dacron) in the
form of continuous, interrupted, or combined
techniques. The anastomosis was not covered with
any grafts or sealants. Pancreatic drainage was done
either internally with a 5-Fr, 6 cm long pancreatic stent
(Wilson-Cook Medical Inc., Winston-Salem, NC) or
externally with a Nelaton tube that was placed across
the anastomosis and came out through the anterior
abdominal wall. Different pancreatic transection and
reconstruction techniques were chosen according to the
surgeon’s discretion for each case. Three drains were
inserted intraabdominal (peripancreatic, subhepatic,
and pelvic) away from vascular structures. The drains
may be active (suction drain) or passive (Nelaton
catheter or nasogastric tube). A magnifying surgical
loupe (6.0×) was used in some cases.

Study design
Patients were divided into two groups according to the
occurrence or absence of CR-POPF, and 20 potential
intraoperative risk factors for CR-POPF were
evaluated.

Postoperative assessment
The patients were followed up to detect CR-POPF.
Oral fluid was started on the 3rd postoperative day
(POD). All patients received 3rd generation
cephalosporin, somatostatin, or octreotide for
7–10 days postoperatively. Amylase level was
measured on the 3rd, 5th, and 7th POD from the
peripancreatic drain fluid. All drains were removed
when there was no discharge.

Outcomes
The primary outcome was CR-POPF. CR-POPF was
defined according to the 2016 update of the
International Study Group of Pancreatic Fistula
(ISGPS) definition and grading [8]. In our
hospitals, the threshold for POPF was an amylase
level >300 IU/l. The resection margin was evaluated
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postoperatively. The anesthetist reported estimated
blood loss (EBL) and blood transfusion volume.

The following variables were evaluated as potential
operative-related risk factors for the CR-POPF: type
of PD (standard PD or PPPD), pancreatic parenchyma
texture (firm or soft), method of pancreatic transection
(scalpel, electrosurgical device or harmonic), level of
pancreatic neck transection (right or left), MPDD,
vessels resection, mass size, type of pancreatico-
enteric anastomosis (PG or PJ), anastomotic
techniques (duct-to-mucosa or invagination), suture
material (absorbable or nonabsorbable), suture
technique (continuous, interrupted or combined),
pancreatic drainage, type of pancreatic drainage
(external or internal), EBL, blood transfusion, type
of intraabdominal drain (closed active or closed
passive), anastomotic and operative time, use of
surgical loupe, and resection margin (R0 or R1).

Statistical analysis
We used IBM SPSS statistics forWindows v. 26 (IBM
Corp., Armonk, NY, USA). Categorical variables were
presented as counts and proportions, and quantitative
variables were presented as either mean and standard
deviation (SD) for normally distributed variables and
median and inter-quartile range (IQR, Q1–Q3) for
non-normally distributed variables. We used the χ2

test, Student’s t-test, and Mann-Whitney U test,
where appropriate. We analyzed the significant
operative risk factors in the univariate analysis by a

multivariate logistic regression analysis to determine
the independent risk factors correlated with CR-POPF
reporting as odds ratios (OR) with their 95%
confidence interval (CI). A P value ≤0.05 was
considered statistically significant for all tests.

Results
Overall series
From 107 patients evaluated, 28 (26.2%) developed
CR-POPF compared to 79 (73.8%) without CR-
POPF.

Preoperative data
The patient’s demographic data are shown in Table 1.
There were no statistically significant differences
between the two groups in age, Sex, body mass
index, American Society of Anesthesiologists scores,
tumor site, preoperative intervention, and laboratory
investigations (Table 1).

Operative data
Operative parameters were compared for patients with
and without CR-POPF (Table 2). The parameters
analyzed, pancreatic textures, levels of neck
transection, MPDD, anastomotic techniques,
pancreatic drainage, types of pancreatic drainage,
anastomotic time, use of surgical loupe, and
resection margins, showed statistically significant
differences between the two groups. In contrast, the
types of PD, methods of pancreatic transection, vessels

Table 1 Patients demographic data

Variables CR-POPF (n=28) No CR-POPF (n=79) P value

Age (years), mean±SD 55.7±4.6 54.5±3.5 0.15

Sex (Male), n (%) 16 (57.1) 46 (58.2) 0.92

BMI, mean±SD 26.4±2.7 26.9±2,8 0.44

ASA score, n (%) 0.99

ASA 1 5 (17.9) 14 (17.7)

ASA II 23 (82.1) 65 (82.3)

Tumor site, n (%) 0.72

Pancreatic tumors 16 (57.1) 38 (48.1)

Bile duct tumors 8 (28.6) 24 (30.4)

Ampullary tumors 4 (14.3) 15 (19)

Duodenal tumors 0 (0) 2 (2.5)

Preoperative intervention, n (%) 0.83

ERCP and stent 11 (39.3) 26 (32.9)

PTD 3 (10.7) 9 (11.4)

Laboratory investigations,

TBIL, mg/dl (mean±SD) 16.2±5.6 16.2±5.3 0.99

Albumin, g/dl (mean±SD) 3.2±0.3 3.2±0.2 0.64

CA 19-9, U/ml (median, IQR) 502.5 (293.2–3251.7) 546 (345–4316) 0.77

ASA, American Society of Anesthesiologists; BMI, body mass index; CA 19 −9, carbohydrate antigen 19-9; CR-POPF, clinically relevant −
postoperative pancreatic fistula; ERCP, endoscopic retrograde cholangiopancreatography; PTD, percutaneous transhepatic drainage;
TBIL, total bilirubin.

850 The Egyptian Journal of Surgery, Vol. 42 No. 4, October-December 2023



resection, mass size, types of pancreatico-enteric
anastomosis, suture materials, suture techniques,
estimated blood loss and transfusion, types of
abdominal drain, and operative time showed no
statistically significant differences between the two
groups (Table 2).

Univariate and multivariate analyses of risk factors for
CR-POPF
Operative variables associated with CR-POPF at the
P≤0.05 univariate level of statistical significance were
included in a multivariate logistic regression analysis.
With univariate analysis, soft pancreatic texture, right-
sided pancreatic transection, small pancreatic duct

Table 2 Operative characteristics

Variables CR-POPF (n=28) No CR-POPF (n=79) P value

Types of PD, n (%) 0.74

Standard PD 20 (71.4) 59 (74.7)

PPPD 8 (28.6) 20 (25.3)

Pancreatic textures, n (%) 0.0001

Firm 7 (25) 56 (70.9)

Soft 21 (75) 23 (29.1)

Methods of pancreatic transection, n (%) 0.7

Scalpel 11 (39.3) 29 (36.7)

Electrocautery 9 (32.1) 32 (40.5)

Harmonic 8 (28.6) 18 (22.8)

Level of pancreatic transection, n (%) 0.001

Right-sided 19 (67.9) 25 (31.6)

Left-sided 9 (32.1) 54 (68.4)

MPDD (cm), mean (SD) 2.7±0.44 3.4±0.75 0.001

PV / SMV segmental resection, n (%) 1 (3.6) 3 (3.8) 0.96

Mass size (cm), mean (SD) 3.1±0.6 3.1±0.6 0.99

Types of pancreatico-enteric anastomosis, n (%) 0.16

PG 12 (42.9) 46 (58.2)

PJ 16 (57.1) 33 (41.8)

Anastomotic techniques, n (%) 0.007

Duct-to-mucosa 7 (25) 43 (54.4)

Invagination 21 (75) 36 (45.6)

Suture materials, n (%) 0.1

Nonabsorbable suture 17 (60.7) 34 (43)

Absorbable suture 11 (39.3) 45 (57)

Suture techniques, n (%) 0.81

Continuous 10 (35.8) 33 (41.8)

Interrupted 9 (32.1) 25 (31.6)

Combined 9 (32.1) 21 (26.6)

Pancreatic drainage, n (%) 0.001

Yes 11 (39.3) 58 (73.4)

No 17 (60.7) 21 (26.6)

Types of pancreatic drainage, n (%) 0.041

External 4 (36.4) 31 (53.4)

Internal 7 (63.6) 27 (46.6)

Estimated blood loss (ml), mean (SD) 657.14±147.64 627.22±144.29 0.351

Blood transfusion (ml), mean (SD) 892.86±208.9 860.8±225.55 0.511

Types of abdominal drain, n (%) 0.74

Passive 18 (64.3) 48 (60.8)

Active 10 (35.7) 31 (39.2)

Anastomotic time (min), mean (SD) 45.64±8.64 38.48±7 0.001

Operative time (min), mean (SD) 503.57±31.76 500.89±28.47 0.678

Surgical loupes use, n (%) 9 (32.1) 45 (57) 0.02

Resection margin, n (%) 0.019

R0 16 (57.1) 63 (79.7)

R1 12 (42.9) 16 (20.3)

CR-POPF, clinically relevant − postoperative pancreatic fistula; MPDD, main pancreatic duct diameter; PD, pancreaticoduodenectomy;
PG, pancreaticogastrostomy; PJ, pancreaticojejunostomy; PPPD, pylorus-preserving pancreaticoduodenectomy; PV, portal vein; SMV,
superior mesenteric vein. Bold numerals indicate a statistically significant difference.
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diameter (≤3mm), absorbable suture, pancreatico-
enteric anastomosis invagination technique, non-
pancreatic drainage, internal pancreatic drainage,
long anastomotic time (>40min), and R1 resection
margin were risk factors for CR-POPF. With
multivariate analysis, soft pancreatic texture, right-
sided pancreatic transection, small pancreatic duct
diameter (≤3mm), and non-pancreatic drainage
were the independent operative risk factors for the
CR-POPF (Table 3).

Discussion
A CR-POPF is one of the commonest and most
challenging complications post-PD that was
subsequently associated with serious complications
which increase hospital stay, morbidity, and
mortality [2,3]. Recent studies showed a variable
incidence of CR-POPF ranging from 5–40% [4,5].
This wide variation may be attributed to a different
definition of CR-POPF [4,5]. In this study, we
adopted the recommended standard definition of
CR-POPF established by the ISGPF [8]. The
incidence of POPF was 51.4%, and CR-POPF was
26.2%, consistent with results from high-volume
centers [4,5,9].

Several risk factors associated with CR-POPF after PD
have been reported and discussed in the literature [4,5].
These risk factors include patient-related risk factors
such as male Sex, old age, obesity, preoperative
jaundice, preoperative morbidity, neoadjuvant
therapy, histopathological diagnosis, pancreatic
texture, and MPDD [2,3,6], or procedure-related
risk factors such as resection type, pancreatic stump
reconstruction type, suture material, operative blood
loss and transfusion volume, operative time, and
surgeon and center experience [1,3,6,9]. This study
focused on the operative-related risk factors associated
with CR-POPF after PD.

Huang attributed the pancreatic leak post-PD to the
lose pancreatico-enteric anastomosis and the delayed
recovery of gastrointestinal function, causing retention
of mixed digestive fluids, which can have a strong
corrosive and increased tension effect on the
pancreatico-enteric anastomosis [10]. Proper surgical
technique, perioperative management, and awareness
of risk factors are essential to decrease the incidence of
CR-POPF [11]. Efforts to decrease the CR-POPF
included modifications of pancreatico-enteric
anastomosis (PG vs. PJ and duct-to-mucosa vs.
invagination technique), anastomotic stenting, and

Table 3 Univariate and multivariate analysis for operative risk factors for clinically relevant − postoperative pancreatic fistula

Univariable analysis Multivariable analysis

Independent variables OR (95% CI) P value OR (95% CI) P value

Type of PD, standard PD vs. PPPD 0.847 (0.323–2.222) 0.736

Pancreatic textures, firm vs. soft 7.304 (2.732–19.531) 0.0001 0.219 (0.061–0.792) 0.021

Methods of pancreatic resection

Scalpel vs. Electrocautery 1.349 (0.489–3.718) 0.563

Scalpel vs. Harmonic 0.853 (0.289–2.523) 0.774

Levels of pancreatic transection, left vs. right-sided 4.560 (1.810–11.488) 0.001 0.168 (0.032–0.881) 0.035

MPDD,>3mm vs.≤3 mm 4.645 (1.766–12.221) 0.001 0.280 (0.086–0.910) 0.034

PV/SMV segmental resection, yes vs. no 1.066 (0.106–10.688) 0.957

Mass size, >2 cm vs.≤2 cm 1.245 (0.525–2.954) 0.619

Type of anastomosis, PG vs. PJ 0.795 (0.335–1.877) 0.603

Anastomotic technique, duct-to-mucosa vs. invagination 0.352 (0.139–0.894) 0.025 1.576 (0.401–6.188) 0.514

Suture material, nonabsorbable vs. absorbable 2.509 (1.027–6.128) 0.040 0.416 (0.124–1.396) 0.156

Suture technique

Continuous vs. interrupted 0.842 (0.298–2.381) 0.745

Continuous vs. combined 0.707 (0.247–2.028) 0.518

Pancreatic drainage, yes vs. no 0.234 (0.094–0.581) 0.001 3.771 (1.147–12.401) 0.029

Type of pancreatic drainage, external vs. internal 8.333 (2.025–34.286) 0.001 0.1 (0.11–0.912) 0.061

Estimated Blood loss,≤500ml vs.>500 ml 0.707 (0.253–1.975) 0.507

Blood transfusion,≤500ml vs.>500 ml 0.707 (0.253–1.975) 0.507

Type of drain, active vs. passive 1.162 (0.475–2.846) 0.742

Anastomotic time,≤40 vs.>40 min 0.336 (0.138–0.818) 0.014 3.063 (0.895–10.480) 0.075

Operative time,≤480 vs.>480 min 0.921 (0.342–2.479) 0.870

Surgical loupes, yes vs. no 2.263 (0.928–5.518) 0.069

Resection margin, R0 vs. R1 0.339 (0.134–0.857) 0.019 1.080 (0.206–5.678) 0.927

MPDD, main pancreatic duct diameter; PD, Pancreaticoduodenectomy; PG, pancreaticogastrostomy; PJ, pancreaticojejunostomy; PPPD,
pylorus-preserving pancreaticoduodenectomy; PV, portal vein; SMV, superior mesenteric vein. Bold numerals indicate a statistically
significant difference.
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drainage (internal vs. external), anastomotic site
support by topical agents (Fibrin glue) or autologous
graft (omentum or falciform ligament), and
postoperative pharmacological therapy (somatostatin
or its analog) to decrease the postoperative
pancreatic secretions [4,5]. Patient stratification
based on precise risk factors may result in the careful
postoperative management of high-risk patients
[1,6,11].

The standard PD is still performed today, although
many surgeons recently recommend PPPD, which
offers the benefit of achieving an excellent
postoperative nutritional status [12]. Conversely,
PPPD is associated with increased delayed gastric
emptying and questionable cancer resection radicality
[12]. There is still a debate regarding which procedure
is the best. This study revealed no statistically
significant difference between the standard PD and
PPPD on CR-POPF rate (P=0.736), and this was
comparable with many published studies [1,2,13].

The soft pancreas is the commonest recognized
independent risk factor for CR- POPF [4,6,14–16].
This study confirmed this observation and proved the
soft pancreatic parenchyma was an independent risk
factor of CR-POPF (OR 0.219, 95% CI 0.061–0.792;
P<0.021). On the contrary, in the univariate analysis,
Ryu et al. [17] and Sugimoto et al. [11] revealed a soft
pancreas as a risk factor for CR-POPF. At the same
time, they failed to be approved as an independent risk
factor in the multivariate analysis. Moreover, a meta-
analysis by Vallance et al. [18] and a recent study by
Qureshi et al. [19] revealed a soft pancreas was not a
risk factor for a CR-POPF. There are several
explanations for this association. First, the soft
pancreas is more liable to intraoperative injury and
ischemia. It is more likely that the sutures will break
the pancreatico-enteric anastomosis, creating a
pancreatic fistula contrary to the firm pancreatic
parenchyma that firmly grips sutures [13,20].
Second, a soft pancreas is rarely associated with
dilated main pancreatic ducts [20]. Third, it’s
believed that a soft pancreas has better exocrine
activity, and the secreted pancreatic juice rich in
proteolytic enzymes will cause POPF [13,20].

The method of pancreatic transection plays a
significant role in the occurrence of CR-POPF [21].
Different methods for pancreatic transection were
studied in the literature as conventional surgical
division by sharp scalpel, diathermy, or energy-based
sealing devices. Energy-based sealing devices such as
harmonic scalpel and LigaSure have been used widely

in the last 10 years [21]. It has the advantage of good
hemostasis and sealing the small pancreatic duct
branches at the pancreatic transection surface,
decreasing the incidence of minor POPF. On the
other hand, the main pancreatic duct orifice will be
sealed and difficult to be identified. Also, coagulation
necrosis may jeopardize the healing of pancreatico-
enteric anastomosis, which could increase the
incidence of CR-POPF [21]. The thermal injury of
transection by electrocautery may result in acute
pancreatitis, which could increase the incidence
of CR-POPF [21]. Although surgical scalpel
transection causes less tissue damage, it results in
excessive bleeding [22]. There is currently no
accepted method for proper pancreatic transections.
Takao et al. [23] revealed no POPF after harmonic
scalpel in pancreatic transection.

On the contrary, Takahashi et al. [24] showed a
significantly increased risk of POPF with a
harmonic scalpel, and they reported that ultrasonic
pancreas transections were less effective than scalpel
transections at lowering the incidence of CR-POPF.
Moreover, it results in major morbidities and very high
costs. This study revealed no statistically significant
differences regarding the pancreatic parenchyma
resection using a sharp scalpel, ultrasonically
activated scalpel, and electrosurgical device
(P=0.564, P=0.774), and this result was comparable
with Okabayashi [13].

The cornerstone for proper anastomosis is good
vascularization. Based on the anatomical concept of
vascular watershed, the pancreatic neck is an
intermediate zone between the head and body of the
pancreas with poor vascularization based on the
vascularity of the head and body of the pancreas
[25]. Resection of the head of the pancreas may
jeopardize the neck vascularity, affecting the healing
of the pancreatico-enteric anastomosis, which in turn
encourages the occurrence of CR-POPF. Few studies
reported the correlation between pancreatic stump
vascularization and the incidence of CR-POPF [14].
Strasberg et al. [26] reported a significant correlation
between improper pancreatic stump vascularization
and the occurrence of CR-POPF. Bardol et al. [14]
and Jwa et al. [27] reported that standard pancreatic
neck transection is an independent risk factor for CR-
POPF, and extended pancreatic transection could
prevent the occurrence of CR-POPF. Bardol et al.
[14] advised shifting the level of transection >7mm to
the left side of the portal vein, especially in high-risk
patients aiming to decrease the occurrence of CR-
POPF. They explained their result based on the
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concentric position of the MPD in the body and the
eccentric position neck level [14,27]. This study
revealed that right-sided pancreatic neck transection
was an independent risk factor for CR-POPF (OR
0.168; 95% CI 0.032–0.881; P<0.035).

Main pancreatic duct diameter has been reported as an
independent risk factor for CR-POPF. The most
widely used cutoff value for the MPDD associated
with CR-POPF was 3mm [1,6]. Although, Sugimoto
et al. [11] reported a cutoff value of 2mm for MPDD
was more accurate than that of 3mm. MPDD may be
measured preoperatively by CT scan or intraoperatively
by ultrasound or a small ruler [11]. In our study, small
MPDD (≤3mm) was an independent risk factor of
CR-POPF (OR 0.280, 95% CI 0.086–0.910;
P<0.034). This finding was consistent with many
previous studies [1,2,4,14–16]. On the contrary, a
few studies [9,13,19] failed to show that a small
MPDD is a risk factor for CR-POPF. There are
several explanations for this association. First, small
MPDD can hold fewer sutures making the
anastomosis more challenging and narrower and
increasing the likelihood of obstruction or disruption
[4]. Second, dilatedMPD is usually associated with the
fibrotic texture of pancreatic diseases, which may
explain the decreased incidence of CR-POPF post-
PD [28].

Vascular resection may be indicated in some cases with
vascular infiltration. Many recent studies and meta-
analyses [11,15,16] reported that venous resection
(PV/SMV segmental resection) and large tumor size
(2 cm) were significant protective factors for CR-
POPF. They explained this result based on vascular
resection usually associated with a large tumor which
usually necessitates a preoperative neoadjuvant therapy
that results in blockage of the MPD and increased
pancreatic stiffness. Also, vascular resection encourages
the R0 radicality of the resection [15]. On the contrary,
Shyr et al. [29] and Bardol et al. [14] reported that
vascular resection and tumor size did not decrease the
incidence of CR-POPF, and our results agreed with
this results (P=0.957 and P=0.619, respectively).

Dealing with the pancreatic stump is the most
important factor in reducing CR-POPF [2]. Several
procedures have been used to decrease POPF, such as
PJ (duct to mucosa, invagination technique, binding
technique, isolated Roux loop) [30–33], PG [34], and
pancreatic duct occlusion (ligation, use of biologic glues
or sealants) [2,35]. PG or PJ are the two commonest
techniques for pancreatic remnant reconstruction after
PD. However, published studies reported conflicting

results regarding which reconstructive organ is the best
for anastomosis and associated with decreased POPF
rate [36]. PG has the following potential benefits: (1) it
is simple, easy, and has a low incidence of tension and
ischemia due to the closed proximity of the pancreatic
stump to the stomach, (2) good anastomotic healing
due to rich gastric wall vascularity, (3) the gastric
acidity protects the anastomosis by inhibiting the
activation of pancreatic enzymes, (4) continuous
pancreatic secretion aspiration via nasogastric tube
also reduces pancreatic secretion load and shortens
the time for autodigestion, and (5) easy management
of leakage or hemorrhage by gastroscopy instead of
reoperation [37,38]. However, it has some drawbacks:
(1) it is associated with more postoperative bleeding
due to the rich gastric blood supply [39], (2) it is
associated with early pancreatic insufficiency as a
result of inactivation of the pancreatic enzyme by
the gastric acidity [39] or pancreatic duct obstruction
by overgrowth of the gastric mucosa [40], (3) increased
postoperative delayed gastric emptying [38]. Many
studies revealed a lower incidence of CR-POPF for
PG when compared with PJ [36,37,41,42]. Based on
his explanation for the mechanism of pancreatic leak
after PD, Huang et al. [10] proved no impact of
pancreatico-enteric anastomosis techniques on the
CR-POPF rates. Many RCTs and meta-analyses
[43–47] supported this, which revealed no
statistically significant difference in the CR-POPF
rate between PG and PJ. In this study, pancreatic-
enteric anastomosis was not a risk factor for CR-POPF
(P=0.603).

Several pancreatico-enteric anastomotic techniques
were assessed to prevent CR-POPF with variable
results. A review of published literature reported that
duct-to-mucosa anastomosis has been more widely
performed than the invagination anastomosis
technique [43,44] and is associated with long-term
anastomotic patency [45]. Since it is technically
challenging, duct-to-mucosa anastomosis was
previously done for patients with firm pancreas and
dilated MPD. In contrast, it has been recommended
recently regardless of the pancreatic texture or the
MPDD. Several studies have compared duct-to-
mucosa and invagination techniques’ correlation with
CR-POPF with conflicting results [46]. Three RCTs
[47–49] reported a statistically significant lower rate of
CR-POPF with invagination PJ compared to duct-to-
mucosa PJ. On the contrary, three RCTs [46,50,51]
and 4 meta-analyses [52–55] reported no statistically
significant difference in CR-POPF rate between both
techniques. In this study, we reported a statistically
significant lower rate of CR-POPF with invagination
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techniques (OR 0.352 95% CI 0.139–0.894, P<0.025)
but failed to confirm it as an independent risk factor in
the multivariate analysis (OR 1.576 95% CI
0.401–6.188, P=0.514).

The patient, the tissue, and the suture characteristics
usually determine the choice of suture material. Various
types of suture material have various mechanical
characteristics and tissue reactions. The ideal suture
should have good knot security, high tensile strength,
ease of handling, minimal tissue reaction, and resist
infection. Monofilament sutures cause less tissue
trauma and resist infection more than braided
sutures. Multifilament sutures are characterized by
easy handling and frequently offer tighter, more
secure knots [56]. Sutures used for pancreatico-
enteric anastomosis are often in direct contact with
bile and pancreatic juice enzymes. Few studies
extensively discussed the effect of these highly
digestive fluids on surgical sutures materials [57].
Theoretically, Suture material can affect the
frequency and the severity of POPF [9]. CR-POPF
necessitates several weeks for optimal healing after
numerous surgical interventions [58].

In comparison to nonabsorbable sutures, all absorbable
sutures retain only 25% of their tensile strength after 6
weeks [56], sowe canassume that nonabsorbable suture-
made pancreatico-enteric anastomosis can resist
dehiscence and reduce the frequency and severity of
CR-POPF after PD [9]. Andrianello et al. [9]
revealed no significant difference in CR-POPF rate
between PJ performed with nonabsorbable and
absorbable suture, but only grade A and B and no
grade C POPF occurred in the nonabsorbable suture
PJ group. Our study revealed that absorbable sutures
were a risk factor for CR-POPF (OR 2.509, 95% CI
1.027–6.128, P=0.04), but we failed to confirm this
result in the multivariate analysis (OR 0.416, 95% CI
00.124–1.396, P=0.156).

Chen et al. [59] and Han et al. [60] reported that
continuous anastomosis has a lower incidence of
pancreatic injury, anastomotic stenosis, and CR-
POPF. On the contrary, Burch et al. [61] showed
no significant difference in CR-POPF rate between
single-layer continuous and two-layer interrupted
anastomosis. We found no statistically significant
difference in CR-POPF rates between continuous,
interrupted, and combined suture anastomosis
(P=0.745 and P=0.518, respectively).

The corroding effect of pancreatic juice on the
anastomotic site is one of the most important risk

factors for CR-POPF [62]. Huang [10] reported
that proper dealing with pancreatic juice can
significantly prevent CR-POPF. He advised
pancreatic duct stenting after PD as the stent will
precisely identify the MPD to avoid improper
suturing. Additionally, it supports anastomosis by
lowering the pressure in the MPD and enhancing
pancreatic stump drainage [1,10]. However, there is
controversy regarding the correlation between
pancreatic duct drainage and its methods and the
occurrence of CR-POPF after PD [1]. Many
previous studies and meta-analyses [63–65] revealed
a statistically significant reduction in CR-POPF rate
after pancreatic stenting. On the contrary, many recent
studies and meta-analyses [19,66–68] revealed no
statistically significant difference in CR-POPF rate
between the stent and non-stent groups. In this
study, non-stenting pancreatic-enteric anastomosis
was an independent risk factor for CR-POPF (OR
3.771 95% CI 1.147–12.401, P<0.029).

Theoretically, external pancreatic drainage has the
following potential benefits over internal drainage:
(1) prevents reverse flow back of pancreatic juice to
the anastomosis, which might be occurred by internal
duct drainage, (2) significantly reduces the high
anastomotic tension, enhances blood flow, and
guards against anastomotic necrosis, (3) preventing
pancreatic juice activation by enterokinase in the
intestine, which lowers the risk of disrupting the
anastomosis, (4) optimal evaluation of the daily
variations in pancreatic juice quantities and
characteristics as an early predictor for POPF, and
(5) avoid the risk of spontaneous stent migration
and retention in the intestine or the pancreas with
subsequent complications and the required
interventions for its removal [10]. On the contrary,
external pancreatic drainage has some drawbacks: (1) a
security issue or the risk of its associated discomfort and
long-term effects with the placement of a stent (duct
dilatation and endocrine dysfunction), (2) pancreatitis
or obstruction of the pancreatic duct may develop as a
result of mechanical injury to the anastomotic site
during the removal of the pancreatic drainage stent,
and (3) water-electrolyte imbalance, malnutrition, and
internal environment instability as a result of excessive
pancreatic juice loss [69]. The optimal technique to
reduce CR-POPF between the external and internal
pancreatic drainage remains controversial [62,69].
Many studies [1,66,70] revealed that the external
stent could statistically significantly reduce the CR-
POPF rate compared with the internal stent. On the
contrary, many studies [69,71,72] showed no
statistically significant difference between the two
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techniques in reducing the incidence of CR-POPF.
Our study reported internal drainage as a risk factor for
CR-POPF (OR 8.333, 95% CI 2.025–34.286,
P<0.001), but we failed to obtain this result in the
multivariate analysis (OR 0.1, 95% CI 0.11–0.912,
P<0.061).

Pancreaticoduodenectomy may be associated with
massive bleeding during the pancreas’s dissection,
mobilization, or transection [73]. The EBL is often
imprecise and unreliable during surgery [74]. Niu et al.
[4] attributed the inaccurate EBL data to variable
incorrect measurement methods, and they reported
that the EBL must be measured after deducting the
weight of the saline solution used for lavage from the
weight of the sponges. Few papers reported
intraoperative blood loss as a risk factor for CR-
POPF. Pratt et al. [75]. and Cheng et al. [76]
reported that intraoperative blood loss (>1000ml)
was an independent risk factor for CR-POPF. Lin
et al. [77] and Yeo et al. [78] reported that blood
transfusion was a risk factor for POPF. In this study,
EBL and blood transfusion were not statistically
significant risk factors associated with CR-POPF.
This finding was consistent with many previously
published studies [1,2,4,14,16].

The effect of intraabdominal drains and their different
types on the incidence of CR-POPF after PD remains
controversial [79]. In our study, we placed surgical
intraabdominal drains for all patients. Most centers
insert a prophylactic intraabdominal drain after PD [6].
The effect of the type of intraabdominal drain was
discussed briefly in the literature [6]. Closed drainage is
the commonest, either in active or passive form.
Unfortunately, Active drainage may be associated
with negative pressure on the fresh anastomosis, and
passive drainage may be associated with improper
drainage [80]. Kone et al. [80] reported no
statistically significant difference between active and
passive closed drainage in the incidence of CR-POPF.
Our study demonstrated no statistically significant
difference in rates of CR-POPF between the active
and passive closed intraabdominal drain (P=0.742).

Among the risk factors, a long operative time was
demonstrated as a statistically significant risk factor
for CR-POPF [63,77] and an independent risk factor
for CR-POPF by De Castro et al. [81]. However, three
other studies failed to report it as a risk factor [2,13,15].
In our study, operative time was not a statistically
significant risk factor for CR-POPF (P=0.870). Our
study revealed a long anastomotic time (>40min) as a

risk factor for CR-POPF (OR 0.336 95% CI
0.138–0.818, P<0.014). However, it failed to
nominate it as an independent risk factor in the
multivariate analysis (OR 3.063 95% CI
0.895–10.480, P<0.075).

Theoretically, better vision will enable more accurate
surgical techniques, reducing the incidence of CR-
POPF [82]. Wada et al. reported a significant
reduction of CR-POPF after a surgical microscope.
In our study, there was no difference in the incidence
of CR-POPF between surgical loupe magnification
and ordinary vision (P=0.069). Bardol et al. [14]
reported that the resection margin does not affect
the incidence of CR-POPF. In our study, R1
resection was a risk factor for CR-POPF (OR
0.339 95% CI 0.134–0.857, P<0.019). However, it
failed to nominate it as an independent risk factor in
the multivariate analysis (OR 1.080 95% CI
0.206–5.678, P<0.927).

Strengths and limitations of the study
This study has many strengths. First, the data collected
was prospective. Second, it was a multicenter study.
Third, it included a relatively large sample size. On the
other side, there are some limitations of this study.
First, the pancreatic texture was assessed subjectively at
the discretion of the operating surgeon. Second, some
decisions, such as the type of resection, the type of
anastomosis, . . . .etc. was done based on surgeon
preference.

Conclusion
In conclusion,Multivariate analysis comparing patients
with and without CR-POPF identified four
independent risk factors for the development of CR-
POPF: (1) soft pancreatic texture, (2) small MPDD
(≤3mm), (3) right-sided pancreatic transection, and
(4) non-stented pancreatic anastomosis. These
findings could assist in the early prediction of CR-
POPF after PD and help in optimal management.
Also, it supports the use of pancreatic drainage and
left-sided pancreatic transection as a factor in reducing
fistula formation rates.
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