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Abstract

Introduction: Whipple’s procedure is the standard treatment
for periampullary pathologies. Whipple’s procedure is associated
with high morbidity. Therefore, this study aims to report the surgi-
cal complications and identify the prognostic factors toward surgi-
cal complications and readmission in patients undergoing Whip-
ple’s procedure.

Methods: This is a retrospective cohort study of all patients
who underwent Whipple’s procedure from November 2015 to Au-
gust 2022 at King Saud University Medical City (KSUMC).

Results: 72 patients underwent Whipple’s procedure. 58
(80.6%) and 14 (19.4%) patients underwent Classic Whipple and
pylorus-preserving Whipple, respectively. Postoperative compli-
cations were seen in 39 (54.2%) patients. Clavien-Dindo classifi-
cation of postoperative complications grade Il was seen in 22
(30.6%) patients. Only ICU/HDU admission correlated significantly
(P<0.001) toward postoperative complication and was insignificant
in the regression test.

Prognostic variables toward readmission correlated significantly
with the female gender (P=0.017), having asthma (P<0.001), taking
Anticoagulant (Enoxaparin) (P=0.002), undergoing ERCP with stent
placement (P=0.044), consultant experience <5 years (P=0.003),
and postoperative complication (P=0.007). The multivariate analy-
sis led only to statistical significance in the female gender (P=0.048)
and postoperative complication (P=0.035).

Conclusion: This study’s morbidity and mortality results are
consistent with those reported internationally. The small volume
of cases may have a major impact on the center experience and
overall outcome. It is imperative that we establish a referral center
that is equipped to provide prompt high-quality intervention in or-
der to improve outcomes further.
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Introduction

Allen Whipple reported the first description of Whipple's
procedure (pancreaticoduodenectomy) in 1935 [1]. Since then,
Whipple’s procedure has been practiced by many surgeons and
has undergone several technical improvements aiming to de-
crease its high operative morbidity and mortality [2]. Nonethe-
less, Whipple’s procedure importance lies in its role as the stan-
dard treatment for periampullary pathologies [3,4].

Although mortality rates have been reduced to less than 5%
[5], Whipple’s procedure morbidity remained high, reaching 40-
50% [4]. Postoperative complications embodied the core of its
morbidity, with pancreatic anastomoses leakage as the main
complication [6]. Several complications of Whipple’s procedure
have been described in the literature: postoperative pancreatic
fistula, Delayed Gastric Emptying (DGE), biliary leak, wound in-
fection, postoperative pancreatic hemorrhage, need for reoper-
ations, and prolonged hospital stay [7]. Additionally, Whipple’s
procedure involves an extensive pancreatic parenchymal tissue
resection of nearly 30-50%. Therefore, patients are at high risk
of developing pancreatic exocrine insufficiency and new-onset
Diabetes Mellitus (DM) [8].

There are two types of Whipple’s procedure: either a classic
Whipple in which part of the pancreas, the gallbladder, the duo-
denum, the pylorus (outlet of the stomach), and the distal (low-
er) part of the stomach are resected, and the so-called pylorus-
preserving pancreaticoduodenectomy, or pylorus-preserving
Whipple operation, in which the stomach and the pylorus are
not removed [9]. A recent systematic review compared the ef-
fectiveness of classic Whipple’s procedure and pylorus-preserv-
ing Whipple. It concluded that current evidence suggests no rel-
evant differences in mortality, morbidity, and survival between
the two operations. However, higher-quality RCTs are needed
due to the study’s evident clinical and methodological hetero-
geneity [9].

This study aims to report the surgical complications and
identify the prognostic factors toward surgical complications
and readmission in patients undergoing Whipple’s procedure in
a single tertiary academic center.

Materials and methods

Following the approval of the Institutional Review Board
(IRB) at King Saud University, we retrospectively collected and
reviewed the electronic medical records of all patients who
underwent the Whipple procedure from November 2015 to
August 2022 at King Saud University Medical City (KSUMC), an
academic medical institution in Riyadh, Saudi Arabia. We includ-
ed only patients who completed the procedure. Patients with
aborted Whipple procedures were excluded from the study.

Whipple’s procedure was performed and followed by spe-
cialized and well-qualified hepatobiliary surgeons in our center.
Data collected included baseline demographics, perioperative
and pathological variables, surgical intervention parameters
and outcomes, and postoperative complications. Prognostic
variables toward surgical complications and readmission were
collected and analyzed.

Statistical analysis

Data were analyzed using Statistical Package for Social Stud-
ies (SPSS 22; IBM Corp., New York, NY, USA). Continuous vari-
ables were expressed as mean * standard deviation. Categori-
cal variables were expressed as percentages. The t-test was
used for continuous variables with normal distribution, and the
Mann-Whitney test was used for continuous variables without
normal distribution. The chi-square test was used for categori-
cal variables. Univariate and Multivariate regression analyses
were used. A p-value <0.05 was considered statistically signifi-
cant.

Results

Between November 2015 to August 2022, 72 patients un-
derwent Whipple’s procedure. Table 1 shows the baseline de-
mographics of our patients. The mean age was 55.88 (SD 15.23)
years. Forty-nine (68.1%) patients presented with abdominal
pain, followed by 46 (63.9%) with jaundice. Thirty-three pa-
tients (45.8%) underwent preoperative ERCP with stent place-
ment; only one had a failed ERCP. Adenocarcinoma was the
most common etiology in 51 (70.8%) patients.

Surgical intervention parameters and outcomes are repre-
sented in Table 2. Fifty-eight (80.6%) and 14(19.4%) patients
underwent Classic Whipple and pylorus-preserving Whipple,
respectively. Of these, 63(87.5%) patients had pancreatojeju-
nostomy, and 9(12.5%) had pancreaticogastrostomy. The mean
total hospital stay and postoperative stay in days were 26.13
(SD23.84) and 20.21 (SD21.36), respectively. Additionally, 11
(15.3%) patients had readmission, and 10 (13.9%) patients had
a reoperation. Thirty days and 90 days mortality were 4(5.6%)
and 6(8.3%), respectively.

Postoperative complications were seen in 39(54.2%) pa-
tients. The most common complication was wound infection
in 20(27.8%) patients, followed by abdominal collection in 16
(22.2%). Clavien-Dindo classification of postoperative complica-
tions grade 211l was seen in 22(30.6%) patients. More details are
in Table 3 and Figure 1.

Diabetes mellitus was reported in 34(47.6%) patients in our
study. Figure 2 illustrates the diabetes status postoperatively,
showing that 19(55.86%) patients had no change, and only one
had new-onset diabetes.

Prognostic variables toward surgical complications are seen
in Table 4. Only ICU/HDU admission correlated significantly
(P<0.001) toward postoperative complication and was insignifi-
cant in the regression test.

Prognostic variables toward readmission correlated sig-
nificantly with the female gender (P=0.017), having asthma
(P<0.001), taking Anticoagulant (Enoxaparin) (P=0.002), un-
dergoing ERCP with stent placement (P=0.044), consultant ex-
perience <5 years (P=0.003), and postoperative complication
(P=0.007). More details are in Table 5.

Table 6 shows univariate and multivariate analysis of prog-
nostic factors toward readmission, which led only to statisti-
cal significance in the multivariate analysis of female gender
(P=0.048) and postoperative complication (P=0.035).
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(Table 1: Baseline demographics (N=72).

) (Table 2: Surgical intervention parameters and outcome (N=72). >

Variables Number % Variables Number %
Age* 55.88 15.23 Classic Whipple 58 80.6
Type of surgery
Male 43 59.7 Pylorus preserving 14 19.4
Gender
Female 29 40.3 Pancreatojejunostomy 63 87.5
Pancreatic anastomosis
BMI* 27.18 6.38 Pancreaticogastrostomy 9 12.5
Smoking 12 16.7 PV reconstruction 5 6.9
| 3 4.2 Open abdomen 2 2.8
1] 44 61.1 Operative time (Minutes)* 463.03 127.33
ASA Score 1] 21 29.2 pRBC transfusion 20 27.8
\Y, 3 4.2 FFP transfusion 7 9.8
\Y 1 1.4 Platelet transfusion 3 4.2
Aspirin 3 4.2 Consultant experience > 5 years 57 79.2
Blood thinner
Enoxaparin 4 5.6 Total Hospital stay (days)* 26.13 23.84
Jaundice 46 63.9 Post operative stay (days)* 20.21 21.36
. ) . «
Presenting Abdominal pain 49 68.1 ICU/ HDU admission (days) 3.39 6.03
Symptoms Gastric outlet obstruction 1 1.4 ICU/HDU admission 68 94.4
Weight loss 32 44.4 Readmission 11 15.3
Loss of appetite 27 37.5 Re-operation 10 13.9
Albumin (gm/L)* 28.60 5.99 30 days mortality 4 5.6
Hemoglobin (g/L)* 118.89 15.43 90 days mortality 6 8.3
Total Bilirubin (mcmol/L)* 61.70 88.70 *Mean, SD
ERCP with Stent 33 45.8
Table 3: Postoperative complication (N=72).
Pre-op ERCP/ PTC 1 1.4 ( P p ( ) >
PTC Failed ERCP 1 1.4 Number %
ERCP Diagnostic 2 2.8 Abdominal Collection 16 22.2
Adenocarcinoma 51 70.8 Wound infection 20 27.8
Pancreatic cyst 6 8.3 Respiratory disease 6 8.3
Chronic pancreatitis 3 4.14 VTE 2 2.8
Pseudopapillary tumor 3 4.14 Bleeding 8 11.1
Etiology Neuroendocrine 5 6.9 Pancreatic anastomotic leak 9 12.5
Autoimmune pancreatitis 1 1.4 Bile leak 2 2.8
Crohn's disease 1 1.4 Bowel leak 1 1.4
GIST 1 1.4 Pancreatic fistula 2 2.8
Tuberculosis infection 1 14 Clavien-Dindo grade > Il 22 30.6
*Mean, SD
(Table 4: Prognostic variables toward surgical complication. ) CTabIe 5: Prognostic variables toward readmission. )
Variables Number % P value Variables Number % P value
Male 24 61.54 Male 3 27.27
Gender 0.733 Gender 0.017**
Female 15 | 3846 Female 8 | 7273
*
Age* 57.01 13.98 0.459 Age 56.91 13.44 0.908
| 1 9.09
| 1 2.56
I} 6 54.55
1l 25 64.10
ASA Score 0.727 ASA Score ] 3 27.27 0.773
1l 11 28.21
[\ 1 9.09
\% 2 5.13
\ 0 0.00
DM 17 43.59 0.678 DM 4 36.36 0.473
HTN 22 5641 0.151 HTN 5 4545 | 0.483
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IHD 2 5.13 IHD 0 72.73
Heart disease DLP 8 20.51 0.300 Heart disease DLP 2 000 = 0172
Cardiomyopathy 1 2.56 Cardiomyopathy 0 18.18
* %
Asthma a 10.26 0.080 Asthma 4 36.36 <0.001
Renal disease 1 2.56 0.542 Renal disease ! 9.09 0.153
. Aspirin 0 0.00
Aspirin 2 5.13 Blood thinner 0.002**
Blood thinner 0.613 Enoxaparin 3 27.27
Enoxaparin 3 7.69
CEA* 2.23 2.72 0.644
CEA* 4.08 4.94 0.841
CA 19-9* 4175.46 6187.20 0.204
_Q*
CA19-9 2066.86 | 5620.81 0.194 Albumin (gm/L)* 29.53 6.57 0.576
Albumin (gm/L)* 29.84 | 538 | 0.055 Hemoglobin (g/L)* 12045 1421 @ 0718
Hemoglobin (g/L)* 120.37 | 14.94 0.382 Total Bilirubin (mcmol/L)* 88.64 | 102.57  0.429
Total Bilirubin (mcmol/L)* 51.50 73.62 0.208 ICU/HDU admission (Days)* 3.64 2.25 0.067
PV reconstruction 2 5.13 0.510 PV reconstruction Yes 2 18.18 0.165
ERCP with Stent 18 46.15 ERCP with Stent 2 18.18
Failed ERCP 0 0.00
PTC 1 2.56
- Pre op ERCP PTC 0.044**
Pre-op ERCP/PTC Failed ERCP 1 55 | 2% ERCP Diagnostic 0 0.00
PTC 1 9.09
ERCP Diagnostic 2 5.13
. . Classic Whipple 8 72.73
Classic Whipple 29 74.36 Surgery 0.362
Surgery 0.126 Pylorus preserving 3 27.27
Pylorus preserving 10 25.64
Abdomen left open 1 9.09 0.284
Abdomen left open 2 5.13 0.290 .
Pancreatojejunostomy 11 100.00
. P iej 4 7.1 Pancreatic anastomosis 0.204
Pancreatic anas- Fancreatojejunostomy 3 87.18 0.608 Pancreaticogastrostomy 0 0.00
tomosis ;
Pancreaticogastrostomy 5 12.82 . Malignant 1 100.00
Consultant experience 25 years 29 74.36 0.275 Histology Benign 0 0.00 0.093
ICU/HDU admission 35 89.74 | <0.001** >5 years 5 45.45
Consultant experience 0.003**
*Mean, SD **Significant p-value <5 years 6 54.55
Postoperative complication 10 90.91 | 0.007**
ICU/HDU admission 11 100.00 | 0.507
*Mean, SD **Significant p-value

(Table 6: Logistic regression analysis of prognostic factors toward readmission.

)

Univariate logistic regression analysis Multivariate logistic regression analysis
Variable
Odds ratio 95% CI P-value Odds ratio 95% CI P-value
Female gender 5.08 (1.22-21.19) 0.026 10.40 (1.02-106.17) 0.048*
Blood thinner (Enoxaparin) 21.38 (1.98-231.20) 0.012 13.71 (0.47-399.38) 0.128
ERCP with Stent 0.22 (0.04-1.11) 0.067 0.96 (0.10-9.38) 0.970
Consultant experience >5 years 0.14 (0.04-0.57) 0.006 0.16 (0.02-1.37) 0.095
Postoperative complication 11.03 (1.33-91.58) 0.026 29.36 (1.27-680.00) 0.035*
*Significant p-value
CLAVIEN-DINDO CLASSIFICATION DM STATUS
mHurnber B Parcent - m Number mPercent
n E o
1 I II | BFTRET I Lz [
GRADE CRADE 11 GHADE [11& GRAaD:e 1118 GHADE VA& GHA&DE W — |
) ) . . . 3 ) NO CHANGE NEW ONSET INCREASE REQUIRMENT
Figure 1: Clavien-Dindo classification of postoperative complica-
\\tions (N=66). / \\Figure 2: Diabetes status postoperatively (N=34). /
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Discussion

While Whipple’s procedure is currently associated with low
mortality rates in experienced centers, morbidity rates remain
high [5,10-12]. No local reports regarding surgical outcomes
following Whipple’s procedure in Saudi Arabia exist. This study
aimed to report the surgical outcomes and prognostic factors in
patients who underwent the Whipple procedure.

Postoperative complications were seen in 54.2% of patients,
matching previous studies ranging from 38-58% [5,10-12]. Con-
sistently, periampullary adenocarcinoma was the most common
indication for Whipple’s procedure. The distribution of age,
gender, and presenting symptoms was similar to other studies
elsewhere [4,7]. In contrast, the operative time, postoperative
stay, and total hospital stay were more prolonged than reported
in the literature [12,13]. This can be justified by the relatively
small volume of procedures per consultant and the advanced
stages of the disease with obstructive jaundice and large tumor
sizes. Furthermore, 30% of our patients had postoperative com-
plications graded Ill and above according to the Clavein-Dindo
classification which mandates interventional management; fur-
ther prolonging the postoperative stay and total hospital stay.

Wound infection was the most common postoperative com-
plication (25%) reported by Arjunan et al. Similarly, the most
common complication in our study was wound infection, seen
in 20(27.8%) of our patients, followed by abdominal collection
in 16 patients (22.2%) and pancreatic anastomotic leak in 9 pa-
tients (12.5%). On the other hand, Saraee et al. and Lakhey et
al. reported delayed gastric emptying and pancreatic fistula as
the most common complications [11,14].

New-onset DM post pancreaticoduodenectomy has ranged
from 12-24% in the literature [8,15,16]. In our study, 19
(55.86%) patients had no change, whereas 14(41.16%) patients
had increased requirements, and only one had new-onset
DM (2.94%). On the other hand, several studies reported im-
provement in glucose control post pancreaticoduodenectomy
(8,16,17].

Wau et al. has explored the resolution of DM post pancreati-
coduodenectomy in patients with and without Pancreatic Duc-
tal Cell Adenocarcinoma (PDCA) and reported similar rates of
resolution between the two groups, however, differences were
observed between patients with new-onset DM (41% in PDCA
vs 63% in non-PDCA) and long-standing DM (9.1% in PDCA vs
9.8% in non-PDCA) [17]. Similarly, Saluja et al. found that diabe-
tes did improve in 1 of 3 patients who had recent onset diabetes
[8].

Prognostic variables toward surgical complications corre-
lated significantly with ICU/HDU admission (P<0.001). However,
there was no statistical significance between a classic Whipple’s
procedure and pylorus-preserving Whipple’s. This finding is
supported by a systematic review by Hittner et al., which com-
pared the classic Whipple’s procedure and the pylorus-preserv-
ing Whipple in terms of survival, postoperative mortality, com-
plications, and quality of life and eventually concluded that no
relevant difference is evident between the two surgical proce-
dures for the treatment of pancreatic or periampullary cancer.
Along similar lines, a recent meta-analysis has investigated the
impact of gastric resection and enteric anastomotic configura-
tion on delayed gastric emptying after pancreaticoduodenecto-
my and concluded that in studies that directly compared classic
Whipple, pylorus-resecting, and pylorus-preserving approaches

with gastric resection in pancreaticoduodenectomy, no statis-
tically significant differences in the rates of overall DGE were
found. However, pylorus-resecting pancreaticoduodenectomy
ranked as the best approach for reducing DGE in 71% of com-
parisons [18].

Pancreatic anastomosis reconstruction, pancreaticogastros-
tomy versus pancreatojejunostomy, is another area of discus-
sion. Contradictory results are found in the literature; Wellner
et al. concluded that pancreaticogastrostomy is superior to
pancreatojejunostomy regarding relevant postoperative pan-
creatic fistula (11.4% versus 22.6%, P=0.03) [11,14]. Similarly,
Heeger et al. study showed that modified pancreaticogastros-
tomy seems to be superior to pancreatojejunostomy regarding
pancreatic fistula (P=0.029), especially in patients with a soft,
non-fibrotic pancreas and/or a small duct (P=0.023) [19]. Mean-
while, a 2011 meta-analysis showed that the pancreatic fistula,
postoperative complications, biliary fistula, mortality, reopera-
tion, and length of hospital stay were not statistically different
between the pancreaticogastrostomy and pancreatojejunos-
tomy groups [20]. Anastomosis configuration was not associ-
ated with higher surgical complications in our study. Hence, the
debate on the superiority of one over the other will continue.
Surgeon experience plays an essential role in the outcome of
Whipple’s procedure [21].

This study has a few limitations that should be considered.
First, it is a retrospective cohort study, where inherent bias may
be present. Second, it’s a single-center study with a small sam-
ple size, which could contribute to the statistical insignificance
of different variables. Therefore, multi-center studies with larg-
er sample sizes are warranted to confirm the results.

Conclusion

This study’s morbidity and mortality results are consistent
with those reported internationally. Increasing the number of
cases is needed to refine the surgeons’ experience and improve
the patient’s overall outcome. Hence, it is imperative that we
establish a national referral center to concentrate the volume of
cases and provide prompt high-quality interventions.

Conflicting interest: The authors have no conflict of interest
to disclose.
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