Lietal. BMC Surgery ~ (2024) 24:372 BMC Su rgery
https://doi.org/10.1186/512893-024-02671-1

Check for
updates

Impact of overweight on patients undergoing
laparoscopic pancreaticoduodenectomy:
analysis of surgical outcomes in a high-
volume center

Dechao Li'", Shulin Wang?!, Huating Zhang', Yukun Cao® and Qingsen Chu'"

Abstract

Background The feasibility and safety of laparoscopic pancreaticoduodenectomy (LPD) in overweight patients is
still controversial. This study was designed to analyze the impact of overweight on surgical outcomes in patients
undergoing LPD.

Methods Data from patients who underwent LPD between January 2018 and July 2022 were analyzed
retrospectively. A 1:1 propensity score-matching (PSM) analysis was performed to minimize bias between groups.

Results A total of 432 patients were enrolled, with a normal weight group (n=241) and an overweight group
(n=191). After matching, 144 patients were enrolled in each group. The results showed that the incidence of clinically
relevant postoperative pancreatic fistula (CR-POPF) and delayed gastric emptying (DGE) was significantly higher in the
overweight group compared to the normal weight group (P=0.036). However, there were no significant differences in
perioperative mortality (1.4% vs. 2.1%, P=0.652) and long-term survival outcomes between malignancy patients with
different body mass index (BMI) before and after PSM (all P>0.05).

Conclusions It is safe and feasible for overweight patients to undergo LPD with mortality and long-term survival
outcomes comparable to the normal weight group. High-quality prospective randomized controlled trials are still
needed.

Keywords Body mass index, Complications, Laparoscopic pancreaticoduodenectomy, Overweight, Propensity score
matching
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Introduction

Pancreaticoduodenectomy (PD) is a complex and
challenging operation in general surgery, requiring
extensive resection and intricate reconstruction and
anastomosis techniques [1]. Additionally, postoperative
complications such as pancreatic fistula, biliary leakage,
abdominal infection, hemorrhage, and delayed gastric
emptying (DGE) can negatively impact the prognosis [2,
3]. In recent years, laparoscopic pancreaticoduodenec-
tomy (LPD) has gained momentum, although there have
been concerns about high perioperative complications
and mortality rates in the early stages of the procedure
[4]. However, as minimally invasive technology advances
and the level of perioperative care improves, the feasibil-
ity of LPD has gradually gained recognition [5-7].

In China, where about 30% of the population is over-
weight and 12% is obese, the implications of obesity for
post-operative recovery are of significant concern [8].
Being overweight is considered a risk factor for various
diseases, such as hypertension and diabetes [9]. More-
over, numerous studies have demonstrated that a high
body mass index (BMI) is an independent risk factor for
perioperative complications in patients undergoing PD
[10-12]. However, there have been few studies on the
effect of overweight on surgical outcomes in patients
undergoing LPD [8, 13].

In this study, we conducted a retrospective propensity
score matching (PSM) analysis of data from patients who
underwent LPD based on a high-volume center to assess
the impact of overweight on surgical outcomes, and long-
term survival outcomes for patients undergoing LPD.

Materials and methods
Study design and variables
A retrospective study was conducted at Shandong Pro-
vincial Hospital between January 2018 and July 2022,
focusing on patients undergoing LPD. This study was
approved by the Medical Ethics Committee of Shandong
Provincial Hospital (N0.2022—-178), and all patients gave
informed consent and signed written informed con-
sent. Different from the classification for BMI used by
the World Health Organization (WHO), the cutoffs for
Chinese have slight alterations because of the underesti-
mated obesity risk according to Cooperative Meta-analy-
sis Group of China Obesity Task Force [14]. The patients
were categorized into two groups based on their BMI:
the normal weight group (18.5<BMI<24 kg/m?) and the
overweight group (BMI>24 kg/m?). Furthermore, the
overweight group was further divided into a non-obese
subgroup (24<BMI<28 kg/m2) and an obese subgroup
(BMI>28 kg/m?).

The preoperative data collected included age, gender,
BMI, American Association of Anesthesiologists (ASA)
classification, medical history (including malignant
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tumors, chronic diseases such as hypertension and diabe-
tes, smoking, and alcohol consumption), and serological
tests (routine blood test, liver function, and tumor mark-
ers). Intraoperative data such as operative duration and
bleeding volume were also recorded. Postoperative data
included the length of hospital stay (LOS), complications
(such as pancreatic fistula, biliary leakage, intra-abdomi-
nal infection, DGE, etc.).

Surgical procedures

During the LPD procedure, the Kocher incision is rou-
tinely used, and only when the pancreatic head tumor is
extensively invaded by surrounding tissue, or when the
second and third segments of the duodenum are tightly
attached to the posterior tissue, the Kocher incision
combined with the reverse Kocher incision is used. The
stomach is cut from the greater curvature to the lesser
curvature of the stomach, and the opening at the corner
of the greater curvature is left for the gastrojejunostomy.
The common hepatic duct is traversed, just above the
point where the cystic duct joins the common bile duct,
and the proximal end is temporarily clipped with a lapa-
roscopic vascular clamp for hepaticojejunostomy. For
pancreatic head cancer cases, the uncinate procedure is
fully resected and mesopancreatic excision (MPE) is con-
ventional performed according to the criteria [15-17].
The level 2-3 resection with periadventitial dissection
including the nerve plexus along the right side of the
SMA is always necessary to achieve a negative margin
and improve curability [15-18]. For both duodenal and
ampullary tumors, extended lymph node dissection was
not performed and the mesentery of the uncinate pro-
cess was dissected along the right edge of the superior
mesentery artery (SMA). Pancreatic duct stents are used
in pancreaticojejunostomy [19]. A modified parachute
suturing technique is used in hepaticojejunostomy [20].
An endoscopic stapler is used to perform gastrojejunos-
tomy. Detailed surgical procedures and related surgical
videos can be found in our previous published papers
and supplementary videos [6, 7, 20]. We fully informed
patients about the pros and cons of LPD and OPD before
the procedure. Whether patients accept LPD is a mat-
ter of their own consideration and willingness, and they
have signed the relevant informed consent form for the
procedure.

Inclusion and exclusion criteria

Patients were included if they met the following crite-
ria: (1) being over 18 years old; (2) patients with benign,
premalignant, resectable malignant or borderline resect-
able tumors of the pancreatic and periampullary region;
(3) complete clinical and follow-up data; (4) underwent
curative LPD surgery; (5) ASA scores of I-III without
severe heart, lung, kidney, or other organ dysfunction.
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Patients were excluded if they met any of the following
criteria: (1) had distant metastasis, (2) with a history of
other malignant tumors, (3) with BMI<18.5 kg/m?, or (4)
data missing or lost to follow-up.

Definitions

Surgical complications were assessed using the Clavien-
Dindo classification, with major complications defined
as Clavien-Dindo grade III or higher [21]. Postoperative
pancreatic fistula (POPF), DGE, and postoperative hem-
orrhage (PPH) were defined and graded according to the
criteria set by the International Study Group of Pancre-
atic Surgery (ISGPS) [22, 23]. Grade B and C postopera-
tive pancreatic fistulas were considered clinically relevant
postoperative pancreatic fistula (CR-POPF) [24]. Bile
leakage was defined according to the criteria set by the
International Study Group of Liver Surgery (ISGLS) [22],
and all bile leakage were enrolled. In the context, resec-
tion margins were considered negative (RO) when no
tumor was evident along the transection surface which
including circumferential resection margin (CRM)+
(0 mm<CRM of £1 mm) and CRM- (CRM of >1 mm)
[25, 26].

Followup

After surgery, patients were followed every three months
until death or loss of follow-up. The follow-up examina-
tions included serum tests (blood routine, liver function,
etc.), abdominal B-ultrasound, and contrast-enhanced
computed tomography (CT) or magnetic resonance
imaging (MRI). Perioperative death was defined as death
occurring within one month of surgery. The final follow-
up date was set for July 2023.

Statistical analysis

Continuous variables with a normal distribution were
expressed as meantstandard (SD) and tested using the
student’s t-test. Variables that did not conform to the
normal distribution were expressed as median (inter-
quartile range, IQR) and tested using the Mann-Whitney
U test. Categorical variables were expressed as frequen-
cies (%) and compared using the Chi-squared test or
Fisher exact test. The survival curves were plotted using
the Kaplan-Meier method and the differences in survival
between groups were compared using a log-rank test.

A 1:1 PSM with a caliper of 0.1 was performed using
nearest neighbor matching to minimize differences in
baseline characteristics between normal weight and
overweight groups. The results of the balance test were
displayed using a histogram of standardized differences
and a dot plot of standardized mean differences. All tests
were two-tailed, and a significance level of P value<0.05
was considered statistically significant. Data analysis was
performed using SPSS statistical software (version 26.0,
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IBM, Armonk, NY, USA) and R program (version 4.1.2,
R Foundation for Statistical Computing, Vienna, Austria)
with the Matchlt package.

Results

Baseline characteristics

Of the 432 patients included in this study (Fig. 1), 241
were in the normal weight group with a median BMI of
21.9 (20.6-23.0) kg/m?, and 191 were in the overweight
group with a BMI of 26.3 (25.0-27.8) kg/m?. Prior to
PSM, the overweight group had higher rates of high
blood pressure (34.6% vs. 24.1%, P=0.017), preoperative
albumin (38.8 vs. 38.0 g/L, P=0.021), and preoperative
hemoglobin (128 vs. 123 g/L, P=0.039) values. After a
1:1 PSM, each group enrolled 144 patients with a median
BMI of 21.5 (20.5-23.1) kg/m® in the normal weight
group, and 26.1 (25.1-27.7) kg/m® in the overweight
group (P<0.001), ensuring that the differences between
the groups were balanced (Table 1).

Perioperative outcomes

The surgical outcomes of patients undergoing LPD
after PSM are presented in Table 2. Following PSM,
the incidence of CR-POPF was lower in normal weight
group compared to overweight group (13.9% vs. 25.7%;
P=0.042). Additionally, the occurrence of DGE was also
lower in normal weight group compared to overweight
group (11.1% vs. 21.5%; P=0.017). However, there were
no significant differences in the operative time, intraop-
erative hemorrhage, lymph node harvest, postoperative
LOS, proportion of intraoperative blood transfusion,
RO resection rate, lymph node metastasis, bile leakage,
gastrointestinal fistula, severe complications, reopera-
tion, and 30-day mortality between the two groups (all
P>0.05).

Subgroup analysis of overweight patients demonstrated
that there was no significant difference in the probability
of CR-POPF and DGE between the non-obese group and
the obese group (both P>0.05) (Table 3). Additionally, we
further added subgroup analysis of normal weight and
obese patients, and the results showed that compared
with normal weight patients, patients in the obese group
had longer operation time (305.0 min vs. 330.0 min,
P=0.029) and more intraoperative blood loss (100.0 ml
vs. 200.0 min, P<0.001), although there was no statisti-
cally significant difference in postoperative complication
rate and postoperative hospital stay between the two
groups. (Supplementary Table 1)

Long-term survival analysis

Following PSM, there was also no statistically signifi-
cant difference in long-term survival outcomes between
malignancy patients with different BMI before and after
PSM (all P>0.05). The detailed overall survival (OS) and



Li et al. BMC Surgery (2024) 24:372

Page 4 of 10

Patients who underwent LPD at

and July 2022 (n=577)
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Shandong

Excluded patients (n=145):

With distant metastasis or without radical resection (n=36)
Malignant tumors history (n=25)

BMI<18.5 kg/m2 (n=10)

Data missing or loss to follow-up (n=74)
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Normal weight group (n=144)

Overweight group (n=144)

Fig. 1 Flow chart of the study-population screening

disease-free survival (DFS) outcomes for normal-weight
and overweight patients with pancreatic ductal adeno-
carcinoma, distal cholangiocarcinoma, ampullary and
duodenal carcinoma are shown in Fig. 2 and supplemen-
tary Tables 2-3.

Discussion
Due to the development of surgical procedures and
advances in post-operative treatment and care, the post-
operative mortality for LPD has been consistently lower
than 5% in certain major medical facilities and is not sig-
nificantly different from that of OPD [27, 28]. Despite the
benefits of reduced surgical trauma and rapid post-oper-
ative recovery provided by LPD, the incidence of post-
operative complications remains high, adversely affecting
the outcome of patients undergoing LPD [29].
Overweight and obesity are now recognized as chronic
disorders that increase the risk of many different dis-
eases, and poor outcomes following major surgery [30,

31]. High BMI has been linked to a number of intraoper-
ative or postoperative adverse events, including difficulty
in lymph node dissection, increased intraoperative blood
loss, and the incidence of postoperative pancreatic fis-
tula [13]. However, some studies contradict this conclu-
sion [32—34]. Therefore, in the present study, we aimed to
assess the impact of overweight and surgical outcomes,
as well as the long- term survival outcomes of patients
undergoing LPD.

Obese patients are more challenging to operate on.
According to the study findings, there was a significant
difference between the normal weight and obese groups
in terms of median operative time, intraoperative blood
loss, but not postoperative LOS. We analyze that LPD
reduces the amount of time it takes to open and close the
abdomen, while also causing less trauma to the patient.
Fat accumulation severely affects the surgical visual field
and intraoperative exposure, which affects the amount of
lymph nodes and nerve plexus removed during surgery.



Li et al. BMC Surgery

(2024) 24:372

Page 5 of 10

Table 1 The baseline characteristics of patients in normal weight group and overweight group who underwent LPD before and after

PSM
Variables Before PSM After PSM
Normal weight Overweight P value Normal weight Overweight P
(n=241) (n=191) (n=144) (n=144) value

Age, year 63.0 (53.0-68.0) 62.0 (53.5-67.0) 0.646 63.0 (55.0-68.0) 61.5 (54.0-67.0) 0.546
Sex, male 51 (62.7%) 122 (63.9%) 0.794 98 (68.1%) 89 (61.8%) 0.266
ASA grade <l 179 (74.3%) 140 (73.3%) 0.819 112 (77.8%) 109 (75.7%) 0.676
Preoperative biliary drainage 35 (14.5%) 25 ( 3.1%) 0.669 5(10.4%) 20 (1 3.9%) 0.367
Biliary infection 40 (16.6%) 0(15.7%) 0.803 0(13.9%) 5(17.4%) 0417
Hypertension 58 (24.1%) (34 6%) 0.017 42 (29.2%) (27 8%) 0.794
Diabetes 48 (19.9%) 31 (16.2%) 0.325 2 (15.3%) 23 (16%) 0.871
Smoking, year

<10 38 (15.8%) 28 (14.7%) 0.684 26 (18.1%) 25 (17.4%) 0.859

>10 43 (17.8%) 29 (15.2%) 24 (16.7%) 21 (14.6%)
Drinking, year

<10 35 (14.5%) 25 (13.1%) 0.608 23 (16.0%) 18 (12.5%) 0.691

>10 37 (15.4%) 36 (18.8%) 26 (18.1%) 26 (18.1%)
Abdominal surgery history 1 (0.4%) 2 (1.0%) 0432 1(0.7%) 2 (1.4%) 0.562
ALB, g/L 38.0(34.7-41.2) 38.8(35.9-41.95) 0.021 38.5(354-414) 38.9(35.8-41.6) 0.656
TBIL, umol/L 57.8(15.5-1924) 67.6 (16.0- 237.4) 0.375 682 (15.7-216.2) 51.9(15.9-2187) 0.932
Hb, g/L 23(112-136) 128 (118-138) 0.039 128 (114-140) 128 (117-137) 0.944
WBC, 10° /L 5.8 (4.6-7.6) 56 (4.6-72) 0.389 59(4.7-7.3) 5.7 (4.6-7.6) 1.000
CA19-9, U/ml 49.9(13.9-191.1) 564 (16.7-210.5) 0.278 54.7 (14.7-190.1) 544 (16.5- 184.8) 0.544
Neo-adjuvant therapy 6 (2.5%) 5(2.6%) 0.933 6 (4.2%) 4 (2.8%) 0.520
Adjuvant therapy 122 (50.6%) 90 (47.1%) 0470 76 (52.8%) 71 (49.3%) 0.556
Pathological diagnosis

PDAC 58 (24.1%) 36 (18.8%) 0.733 34 (23.6%) 30 (20.8%) 0.596

DCC 66 (27.4%) 52 (27.2%) 32 (22.2%) 42 (29.2%)

AMP&D 70 (29.0%) 58 (30.4%) 37 (25.7%) 32 (22.2%)

NET 5(2.1%) 4(2.1%) 5 (3.5%) 2 (1.4%)

IPMN 5(2.1%) 3(1.6%) 4(2.8%) 3(2.1%)

SPT 4(1.7%) 2 (1.0%) 3(2.1%) 1(0.7%)

Others 33 (13.7%) 36 (18.8%) 29 (20.1%) 34 (23.6%)
TNM staging (8th) for malignancy 196 149 103 105

0-l 21(10.7%) 5(10.1%) 0.980 12 (11.7%) 1(10.5%) 0.688

Il 144 (73.5%) 110 (73.8%) 68 (66.0%) 75 (71.4%)

Il 31 (15.8%) 24 (16.1%) 23 (22.3%) 19 (18.1%)

Data are presented as N (%) or median (IQR), Bold text indicated that these variables were statistically significant

LPD, laparoscopic pancreaticoduodenectomy; PSM, propensity score matching; BMI, Body Mass Index; ASA, American Society of Anesthesiologists; ALB, albumin; TBIL,
total bilirubin; Hb, hemoglobin; WBC, white blood cell; CA19-9, carbohydrate antigen19-9; PDAC, pancreatic ductal adenocarcinoma; DCC, distal cholangiocarcinoma;
AMP&D, ampullary and duodenal carcinoma; NET, neuroendocrine tumor; IPMN, intraductal papillary mucous neoplasm; SPT, solid pseudopapillary tumor

As a result, level 2 or 3 MPE can be more difficult in
obese patients. However, there was no significant differ-
ence in lymph node harvest (P=0.192) between the nor-
mal and the overweight groups. In addition, the survival
analysis showed no statistically significant difference in
long-term survival outcomes between normal-weight
and overweight malignancy patients. We analyze that
this may be due to the fact that all surgeons in the current
study have passed the learning curve of LPD [6, 7], which
further demonstrated that after the learning curve, MPE
is technically competent in these patients. Nonetheless,
further studies and validation are necessary to determine
whether increased BMI affects the number of lymph

nodes dissected and the long-term survival outcomes in
patients undergoing LPD.

The incidence of postoperative complications following
LPD remains high. Pancreatic fistula is the primary com-
plication of LPD, accounting for approximately 14—50%
[35]. According to previous studies, patients with a high
BMI have a softer texture of the pancreas and a higher
incidence of postoperative pancreatic fistula [36, 37].
Similar to previous studies, this study also found that a
high BMI was significantly associated with CR-POPF
risk [32, 38—-40]. However, no significant differences in
pancreatic texture and pancreatic duct diameter were
observed in this study. This lack of difference may be



Li et al. BMC Surgery (2024) 24:372

Table 2 The surgical outcomes of patients underwent LPD after
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Table 3 Subgroup analysis of surgical results of overweight

PSM patients underwent LPD after PSM
Variables Normal weight  Overweight P Variables Non-obese Obese (n=31) P
(n=144) (n=144) value (n=113) value
Operative time, min 305.0 325.0 0.871 Operative time, min 315.0 (270.0, 330.0 (285.0, 0.392
(274.0-367.5) (280.0-400.0) 430.0) 435.0)
Intraoperative hemor- 100.0 (50.0- 200.0) 150.0 0439 Intraoperative hemor- 150.0 (100.0, 200 (100.0,250.0) 0.326
rhage, ml (100.0- 250.0) rhage, ml 250.0)
Blood transfusion 14 (9.7%) 18 (12.5%) 0453 Blood transfusion 13 (11.5%) 5(16.1%) 0.502
Pancreatic texture Pancreatic texture
Hard and tough 35 (24.3%) 31 (21.5%) 0613 Hard and tough 24 (21.2%) 7 (22.6%) 0454
Soft and moderate 86 (59.7%) 94 (65.3%) Soft and moderate 72 (63.7%) 22 (71.0%)
Unavailable 23 (16.0%) 19 (13.2%) Unavailable 17 (15.0%) 2 (6.5%)
Wirsung duct diameter Wirsung duct diameter
<3mm 86 (59.7%) 80 (55.6%) 0491 <3mm 64 (56.6%) 16 (51.6%) 0427
>3 mm 37 (25.7%) 46 (31.9%) >3mm 37 (32.7%) 9 (29.0%)
Unavailable 21 (14.6%) 18 (12.5%) Unavailable 12 (10.6%) 6 (19.4%)
RO resection 129 (89.6%) 125 (86.8%) 0465 Malignant tumor 81 (71.7%) 24 (77.4%) 0.524
Malignant tumor 103 (71.5%) 105 (72.9%) 0.792 Lymph node harvest 145(12.0,18.0) 14.0(12.5,18.0) 0.184
Lymph node harvest 14.5(12.0-18.0) 15.0 0.192 Lymph node metastasis 24 (22.4%) 6 (20%) 0.776
(12.0-17.0) Vascular involvement 8(7.1%) 4(12.9%) 0.501
Lymph node metastasis 31(22.6%) 30 (21.9%) 0.885 Postoperative LOS, day ~ 13.0(10.0,200) 13.0(11.0,180)  0.750
Vascular involvement 13 (9.0%) 12 (8.3%) 0.834 Postoperative 14 (12.4%) 3(9.7%) 0.920
Postoperative LOS, day 13.5(10.0-18.0) 135 0452 hemorrhage
(10.0-19.0) CR-POPF
Postoperative hemorrhage 9 (6.2%) 17 (11.9%) 0.096 B 20 (17.7%) 6 (19.4%) 0.945
CR-POPF C 9 (8.0%) 2(6.5%)
B 14(9.7%) 26 (18.1%) 0.042 Bile leakage 16 (14.2%) 2 (6.5%) 0399
C 6 (4.2%) 11 (7.6%) DGE 26 (23%) 5(16.1%) 0.409
Bile leakage 17(11.8%) 18 (12.5%) 0.857 Gastrointestinal fistula 4 (3.5%) 1(3.2%) 1.000
DGE 16 (11.1%) 31 (21.5%) 0.017 Clavien-Dindo grade Il 30 (26.5%) 8 (25.8%) 0934
B 7 (4.9%) 17 (11.8%) Reoperation 5 (4.4%) 2 (6.5%) 0642
@ 5(3.5%) 8 (5.6%) 30-day mortality 2 (1.8%) 1(3.2%) 0.520
Gastrointestinal fistula 1(0.7%) 5(3.5%) 0.216 Dataare presented as (%) or median (IQR), Bold textindicated that these variables
Clavien-Dindo grade > Ill 32 (22.2%) 38 (26.4%) 0410 were statistically significant. LPD, laparoscopic pancreaticoduodenectomy;
. PSM, propensity score matching; BMI, Body Mass Index; LOS, length of stay; CR-
Reoperation 5(3.5%) 7 (4.9%) 0.555 POPF, clinically relevant-postoperative pancreatic fistula; DGE, Delayed gastric
30-day mortality 2 (1.4%) 3(2.1%) 0.652 emptying

Data are presented as (%) or median (IQR), Bold text indicated that these
variables were statistically significant

LPD, laparoscopic pancreaticoduodenectomy; PSM, propensity score matching;
LOS, length of stay; CR-POPF, clinically relevant-postoperative pancreatic fistula;
DGE, Delayed gastric emptying

attributed to the limited data available, as laparoscopic
surgery only allows exploration of the texture of the
pancreas and the diameter of the pancreatic ducts using
instruments that are not in direct contact.

Previous studies on the relationship between DGE
and overweight have yielded inconsistent results. Chen
and Sfarti et al. found that patients with high BMI had a
higher incidence of DGE [41, 42]. However, a retrospec-
tive study conducted at a single institution did not find
a significant association between obesity and DGE [43].
In this study, high BMI was found to be associated with
DGE after LPD. It seems plausible that the association
between BMI and DGE could be an effect of increased
rates of pancreatic fistula or deep/organ space infection

secondary to increased visceral adiposity, rather than an
independent effect [44]. Of course, these conflicting find-
ings point to the need for further investigation into the
underlying reasons behind the effect of BMI on DGE.

For these patients, carefully intraoperative manipula-
tion, and appropriate drain management are particu-
larly important [45]. Relevant studies have shown that
for patients at high risk of CR-POPF, active review of
abdominal ultrasound, CT and other measures to deter-
mine whether there is effusion, appropriate anti-infective
treatment, nutritional support and abdominal irrigation
are helpful for patients’ recovery [45—47]. Besides, acu-
puncture and moxibustion therapy of traditional Chi-
nese medicine also plays a positive role in promoting the
recovery of DGE [48], which are also commonly used in
our management. In addition, studies have revealed that
food intake does not aggravate POPF and does not pro-
long the length of drain placement or hospital stay after
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PD. Thus, there is no need to avoid oral dietary intake in
patients with POPF [49].

In addition, we performed a subgroup analysis of
patients who were overweight. The results demonstrated
that there were no significant differences between non-
obese and obese individuals in terms of intra-operative
conditions and postoperative complications. This obser-
vation may be attributed to the low prevalence of obesity
among the patients in the present study. Excess obesity
could potentially encourage surgeons to opt for an open
approach, resulting in a limited number of obese patients
undergoing the procedure. Therefore, further investiga-
tions with larger sample sizes are required for the analysis
of patients with extremely high BMI or obesity after LPD.

There was no significant difference in perioperative
mortality and long-term survival outcomes between the
normal weight group and the overweight group. This may
be due to advances in surgical techniques and improved
post-operative management in high-volume centers,
which compensate for the adverse effects of overweight
on LPD outcomes. For all this, advances in diagnostic
approaches, perioperative management, radiotherapy
techniques, and systemic therapies for advanced disease
have made relevant but only modest incremental prog-
ress in patient outcomes over the past decade [50, 51].
In the study, PDAC had a 5-year survival rate of 21.5 to
25.0% and a median survival time of 22.5 to 28.4 months.
The 5-year survival rate for DCC was 18.0 to 29.8%,
with a median survival time of 27.6 to 30.2 months. The
unsatisfactory survival of PDAC and DCC patients in
this study may be due to the fact that nearly half of the
patients did not receive postoperative adjuvant therapy
or did not receive an adequate course of adjuvant therapy.
Therefore, there is still a need for enhanced education on
adjuvant therapy and active multidisciplinary treatment
during follow-up.

Additionally, previous studies have shown that post-
operative complications can delay patients from receiv-
ing further adjuvant therapy, which may affect patients’
long-term prognosis [52, 53]. Although our survival anal-
ysis results showed that there was no significant statisti-
cal difference in the long-term prognosis of malignancy
patients with different weight groups, weight control
may also have a more positive significance in reducing
the occurrence of postoperative complications and even
improving the long-term prognosis of patients, which of
course needs further research.

There are several limitations to this study. Firstly, the
“overweight” cohort included obese patients with a BMI
of at least 28 kg/m?. The representation of obese patients
in the general population is insufficient to construct a
sufficiently large cohort of obese patients. Second, while
we have had in-depth communication with the pathol-
ogy department of the hospital, it is unfortunately not
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possible to provide accurate CRM+and CRM-ratios at
this time. In the future, we hope to take this opportunity
to standardize our pathological description and diagno-
sis. In addition, this study was performed retrospectively.
Although a 1:1 PSM was performed to minimize baseline
differences between groups, selection bias was inevitable.
Finally, this study was conducted at a single center, neces-
sitating validation of the results through multi-center and
large-sample clinical studies.

Conclusions

In conclusion, it is safe and feasible for overweight
patients to undergo LPD. There were no significant differ-
ences in perioperative mortality and long-term survival
outcomes between the overweight and normal weight
groups of patients. High-quality prospective randomized
controlled trials are still needed.
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