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Abstract
AIM: To evaluate the impact of body mass index (BMI) 
on short and long term results after pancreaticoduode-
nectomies (PD).

METHODS: A consecutive series of PDs performed at 
the Karolinska University Hospital from 2004 till 2010 
were retrieved from our prospective database. The pa-
tients were divided by BMI into overweight/obese (O; 
BMI ≥ 25 kg/m2) and controls (C; BMI < 25 kg/m2). 
Demographics, peri-operative data, morbidity, mortal-
ity, pancreatic fistula (PF) rate, length of stay (LOS), 
hospital costs, histology, and survival were analyzed. 
An additional sub analysis of survival was performed in 
patients with a diagnosis of pancreatic ductal adeno-
carcinoma (PDAC) and divided in underweight, normal-
weight, overweight and obese.  

RESULTS: A total of 367 PDs were included (O = 141/
C = 226). No differences were found between O and 
C regarding demographics, peri-operative data, costs, 
morbidity or mortality. O was associated with higher 
intra-operative blood loss (1392 ± 115 mL vs  1121 ± 
83 mL; P = 0.01), rate of PF (20% vs  9.5%; P  = 0.006) 
and marginally longer LOS (18 ± 0.9 d vs  15 ± 1.1 d; 
P  = 0.05). An increasing risk for PF was observed with 
increasing BMI. The 1, 3 and 5 years survival rate was 
similar in O and C in PDAC (68.7%, 26.4% and 8.8% 
vs  66.1%, 30.9% and 17.9% respectively; P  = 0.9). 
When the survival was analyzed using 4 different cat-
egories of BMI (underweight, normal, overweight and 
obese), a trend was seen toward a difference in sur-
vival, with a worse prognosis for the underweight and 
obese patients compared to normal weight and over-
weight patients.

CONCLUSION: Overweight increases the risk for 
intra-operative bleeding and PF, but do not otherwise 
alter short or long term outcome after PD for pancre-
atic cancer. 

© 2013 Baishideng. All rights reserved. 
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Core tip: In the last decades, the number of over-
weight individuals has increased dramatically in West-
ern countries. No data are available in the literature 
that show clearly whether this comorbidity has an 
impact on short-term or long-term outcomes in these 
patients or on procedure-related costs. Some stud-
ies have shown that pancreatectomies in overweight 
patients are associated with an increased risk of post-
operative complications. The data are even more con-
fusing regarding long-term and oncologic outcomes. 
In our study, based on a large series of consecutive 
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pancreaticoduodenectomies (PD) performed in a high 
volume center for pancreatic surgery, we showed that 
body mass index (BMI) is a risk factor for intra-opera-
tive bleeding and post-operative pancreatic fistula, but 
does not increase the overall morbidity and have no 
impact on survival of patients with pancreatic ductal 
adenocarcinoma. Based on these results, BMI should 
not be considered, per-se, an exclusion criteria for 
candidates for PD. 

Del Chiaro M, Rangelova E, Ansorge C, Blomberg J, 
Segersvärd R. Impact of body mass index for patients 
undergoing pancreaticoduodenectomy. World J Gastrointest 
Pathophysiol 2013; 4(2): 37-42  Available from: URL: http://
www.wjgnet.com/2150-5330/full/v4/i2/37.htm  DOI: http://
dx.doi.org/10.4291/wjgp.v4.i2.37

INTRODUCTION
In the last decades, the number of  overweight individu-
als has increased dramatically in Western countries. It is 
estimated that today there are about 1.6 billion individu-
als in the world who are overweight and 400 million 
who are obese[1]. At the same time, obesity is a well-
recognized risk factor for several chronic degenerative 
diseases such as cardiovascular diseases[2,3], diabetes[4] 
and a number of  types of  cancer[5], including pancreatic 
cancer[6]. In fact, obese individuals have a twofold to 
threefold increase in the risk of  death from all causes 
compared to the general population[7]. It is estimated that 
treatment of  obesity-related diseases consumes about 
10% of  healthcare expenditures in the United States[8]. 

These data clearly suggest that the number of  over-
weight or obese patients who are candidates for pan-
creaticoduodenectomy will increase in the future, but 
no data are available in the literature that show clearly 
whether this comorbidity has an impact on short-term 
or long-term outcomes in these patients or on proce-
dure-related costs. 

Some studies have shown that pancreatectomies in 
overweight patients are associated with an increased risk 
of  post-operative complications[9] including a longer 
hospital stay[9-11], greater blood loss[12], more wound in-
fections[13-15], and an increased rate of  pancreatic fistula 
(PF)[12]. However, some other studies have not shown 
an overall increase of  post-operative morbidity in over-
weight patients[16,17]. Analysis is even more difficult for 
long-term and oncologic outcomes. In these areas, few 
data are available, and the results are not consistent. In a 
recent paper, Fleming showed shorter long-term survival 
and an increase in the number of  positive node speci-
mens in patients with a body mass index (BMI) > 35 kg/m2 
who underwent pancreaticoduodenectomy for pancre-
atic ductal adenocarcinoma (PDAC)[18]. In contrast, a 
large single-institution study by Tsai et al[12] found a lon-
ger survival time in overweight patients who underwent 

pancreaticoduodenectomy for PDAC. Due to the world-
wide increase in numbers of  overweight patients who are 
candidates for pancreaticoduodenectomy and the lack of  
data concerning short-term and long-term outcomes for 
that procedure in these patients, we decided to analyze our 
own results and investigate the correlation between BMI 
and survival, post-operative complications, and the cost 
of  pancreaticoduodenectomy in overweight patients. 

MATERIALS AND METHODS
Patients who had undergone pancreatoduodenectomy 
at Karolinska University Hospital 2004–2010 were re-
trieved from the hospital database containing prospec-
tively collected pre-, intra- and post-operative data. 
The cohort was divided by BMI into overweight/obese 
(BMI ≥ 25 kg/m2) and controls (BMI < 25 kg/m2). De-
mographics, peri-operative data, morbidity, in-hospital 
mortality, PF rate, length of  stay (LOS), histology, and 
survival were analyzed. Financial files for the patients 
in the study were obtained from the Economic Depart-
ment at the Karolinska University Hospital and analyzed. 
The cost analysis included all the in-hospital diagnostic 
and therapeutic procedures, such as X rays, blood sam-
ples, other tests (e.g., electrocardiogram and spirometry), 
operations, and drugs, as well as pre- and post-operative 
stays, and intensive care unit (ICU) or sub-ICU stays. All 
patients underwent a conventional Whipple resection 
with vascular resections of  large retropancreatic vessels 
whenever necessary and with radical lymphadenectomy, 
as described in the Castelfranco Veneto Classification[19]. 
In all patients, the reconstruction was done by an end-to-
side, duct to mucosa, pancreaticojejunostomy, an end-to-
side conventional hepatico-jejunostomy and an antecolic 
gastro-entero anastomosis. The study was approved by 
the local ethics committee. GraphPad Prism software (R) 
was used to compare costs, pathological results, intra-
operative and post-operative outcomes, and long-term 
survival between the two groups. The Student’s t test 
was used for comparison of  the means of  continuous 
variables. Fisher’s exact test was used to compare cat-
egorical variables. Long-term survival was analyzed using 
a non-parametric method (Kaplan Meier). Differences in 
survival were estimated using the Log-rank test. 

Statistical analysis
Statistical methods should be described when they are 
used to verify the results. Choose suitable techniques for 
the statistical treatments; for example, t-test (group or 
paired comparisons), χ2 test, Ridit, probit, logit, regres-
sion (linear, curvilinear, or stepwise), correlation, analysis 
of  variance (ANOVA), analysis of  covariance, etc.

RESULTS
Three hundred sixty-seven consecutive patients were 
identified of  which 141 (38.4%) were overweight/obese. 
As shown in Table 1, the overweight/obese group 
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had significantly higher mean BMI than the controls 
(28.6 kg/m2 vs 22.1 kg/m2; P < 0.0001). No significant 
differences were found in sex distribution, mean age, 
pre-operative risk assessment according to the American 
Society of  Anesthesiology classification system, or the 
number of  procedures associated with resection of  peri-
pancreatic vessels. 

Operative and pathology details
The overweight/obese group had higher intra-operative 
blood loss (1392 ± 115 mL vs 1121 ± 83 mL; P = 0.01) 
and a marginally longer LOS (18.0 ± 0.9 d vs 15.0 ± 1.1 d; 
P = 0.05) compared to the control group. No differences 
were found between the groups in operation time (446 
± 8 min vs 431 ± 7 min; P = 0.2). Both groups showed a 
similar panorama of  final histological diagnoses even if  
more patients were treated for chronic pancreatitis in the 
controls group and for other tumor types in the over-
weight group (Table 2); about half  of  the patients were 
treated for PDAC. 

Peri-operative mortality and morbidity
Overall, 13 of  the 367 patients died post-operatively 
(3.5% in-hospital mortality). No difference in mortal-
ity rate was found between the two groups: 5 patients 
died in the overweight group (3.4%) and 8 in the control 
group (3.5%). No differences in overall morbidity (47% 
vs 54%; P = 0.2) or severe post-operative complications 
(grade ≥ 3b according to the Clavien classification)[20] 
(15.6% vs 17.2%; P = 0.7) were found between the over-
weight and control groups. In contrast the overweight 
patients developed more post-operative medical specific 
complications (24.1% vs 15%; P = 0.03). When specific 
surgical complications were compared, only PF occurred 
more frequently in the overweight group compared to 
the control group (20% vs 9.5%; P = 0.006). Otherwise, 
no significant differences were found in the incidence 
of  delayed gastric emptying, bile leakage, wound infec-
tion, or intra-abdominal or gastro-intestinal bleed-
ing (Table 2). When the patients were divided into 4 
different sub-groups according to BMI, the risk for de-
veloping post-operative PF was directly correlated with 
increasing BMI. Pancreatic fistula developed in none of  

the underweight patients (BMI < 18.5 kg/m2), 10% of  nor-
mal weight patients (BMI ≥ 18.5 kg/m2 and ≤ 24.9 kg/
m2), in 16% of  overweight patients (BMI ≥ 25 kg/m2 and 
≤ 29.9 kg/m2), and 32% of  obese (BMI ≥ 30 kg/m2). 

Cost analysis
The mean overall cost for the overweight group was 
30700 ± 1938 euros and 33140 ± 2692 euros in the con-
trol group, which was not statistically different (P = 0.4) 
(Figure 1). 

Survival analysis
Overall, 60 patients (42.5%) in the overweight group and 
112 patients (49.5%) in the control group were resected 
because of  PDAC. One-year, 3-year, and 5-year actuarial 
survival rates (Figure 2A) were not different between 
the overweight group and the control group respectively 
(68.7%, 26.4%, and 8.8% vs 66.1%, 30.9%, and 17.9%; 
P = 0.9). When the survival of  PDAC patients was ana-
lyzed using 4 different categories of  BMI (underweight, 
normal, overweight and obese), a trend was seen toward 
a difference in survival, with a worse prognosis at 1, 
3 and 5 years for the underweight and obese patients 
(57.1%, 0%, 0% and 77.8%, 51.8%, 0%, respectively), 
compared to normal weight and overweight patients 
(67%, 32%, 18.4% and 66.5%, 20.6%, 10.3%, respec-
tively) (Figure 2B). However, the survival comparison of  
the four groups was not significantly different (P = 0.8).  

DISCUSSION
General considerations
Overweight and obesity is becoming one of  the most 
important health problems in Western countries. It is 
estimated that over $140 million are spent each year on 
obesity-related diseases in the United States[17,21,22]. Few 
data are available concerning the impact of  overweight 
on post-operative outcomes after pancreaticoduodenec-

39 May 15, 2013|Volume 4|Issue 2|WJGP|www.wjgnet.com

  

Table 1  Pre-operative characteristics of patients

Patient 
characteristics

Overweight 
(n  = 141)

 Controls 
(n  = 226)

 P value

BMI (kg/m2)      28.6      22.1 < 0.0001
Male/Female    75/66   127/99     0.5
Mean age (yr)     63.7      65     0.3
ASA risk 
  Ⅰ    10.40%     5.10%    0.06
  Ⅱ    58.30%   53.40%    0.40
  Ⅲ    29.60%   36.40%    0.20
  Ⅳ      1.70%     5.10%    0.30
Vascular resection    15.60%   22.10%    0.10

ASA: American Society of Anesthesiology; BMI: Body mass index.

Table 2  Histological diagnosis of resected specimens and 
main surgical specific post-operative complications

  Overweight 
(n  = 141)

 Controls 
(n  = 226)

P  value

Histology
  Ductal adenocarcinoma 
  of the pancreas

     42.5%      49.5%    0.2

  Periampullary cancers      20.6%      17.4%    0.5
  Cholangiocarcinoma        4.9%        3.9%    0.8
  Cystic tumors      12.8%      10.6%    0.6
  Neuroendocrine tumors        5.7%        5.8%    1.0
  Chronic pancreatitis        3.6%        9.7%    0.03
  Other tumor types        9.9%        3.1%    0.009
Surgical complications
  Pancreatic fistula      20.0%        9.5%    0.006
  Delayed gastric empting      14.2%      11.5%    0.5
  Bile leakage        2.8%        1.7%    0.5
  Abdominal bleeding        4.2%        4.4%    1.0
  Gastro-intestinal bleeding        2.1%        2.6%    1.0
  Wound infection        4.9%        2.6%    0.3
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tomy and on the costs associated with the procedure. 
In addition, the limitations of  the published studies 
make it difficult to analyze the data that are available. 
The available data were either collected retrospectively, 
or different criteria were used for dividing patients into 
sub-groups in the different investigations, or the study 
populations were not comparable. 

Impact of BMI in the short-term outcome of pancreatico
duodenectomies
Some data suggest that pancreaticoduodenectomies (PD) 
is a more complicated operation in overweight patients. 
Our study is consistent with others[10,12] that have found 
comparable operative times in the control and over-
weight patients but higher intra-operative bleeding in 
the overweight group. Some studies have reported that 
overall morbidity after PD was not higher in overweight 
patients[10]. Similarly, we did not find any differences in 
overall rates of  post-operative complications or in the 
severity of  complications, even though overweight pa-
tients seem to be more prone to develop post-operative 
medical complications. We found an increased risk of  PF 
in the overweight group, which is consistent with many 
other papers[11,12,23], and found that the risk increased 
progressively in higher BMI categories. This result may 
be due to different pancreatic textures in the different 
BMI groups with an increasing percentage of  fat infiltra-
tion in overweight patients that affected the quality of  
the pancreatico-jejunostomy anastomosis[11,24]. In our 
series, we did not find an increased risk of  other BMI-
related post-operative complications, such as wound in-
fections, although such an increase has been reported in 
some other studies[9,15]. Previous papers have not looked 
at mortality rates, costs, or the LOS in overweight pa-
tients after PD. We did not find any differences in those 
areas, which is not surprising since there were no differ-
ences in the overall complication rate. 

Impact of BMI in the long-term outcome of PD
Our study didn’t show any statistically significant differ-
ences in survival in overweight patients compared to the 
control group. However, Fleming et al[18] reported decreased 

survival after PD in patients with a BMI >35 kg/m2. In 
contrast, a more recent study by Tsai et al[12] found that 
a higher BMI can be considered a positive long-term 
prognostic factor for patients undergoing PD for PDAC. 
In our analysis of  patients treated for PDAC, we did 
not find any difference in survival between the over-
weight and control subgroups. In our sub-analysis using 
4 different BMI categories, the underweight and obese 
patients had a worse prognosis than the normal weight 
individuals, although there were no differences between 
the normal weight and overweight patients. It is possible 
that the division of  patients in two categories did not 
show a difference because the survival time of  controls 
was negatively affected by the group of  underweight pa-
tients and the overweight patients had a negative impact 
on the survival analysis of  obese patients. Unfortunately, 
in our series, the extreme groups of  BMI (underweight 
and obese) were too small to give a definitive answer to 
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Figure 1  Comparison of in-hospital costs in the overweight and control 
groups. 
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Figure 2  Actuarial survival curves. A: In overweight and control patients who 
underwent pancreaticoduodenectomy for pancreatic ductal adenocarcinoma 
(PDAC); B: For underweight, normal-weight, overweight, and obese patients 
who underwent pancreaticoduodenectomy for PDAC. BMI: Body mass index.
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this question. It would be interesting to study the impact 
of  BMI on the long-term outcome of  PD in a larger 
number of  PDAC patients. 

In conclusion, our data shows that PD can be done 
safely in overweight patients, even though with some-
what higher intra-operative blood loss, postoperative 
medical complications and PF rate. We also demonstrate 
that overweight/obesity do not impact survival rates 
negatively after PD for pancreatic cancer. However, the 
limited number of  patients in the extreme groups of  
BMI limited the possibility to do a proper sub analysis 
useful to show the impact of  underweight and obese 
patients in the short and long term outcome[25]. A sub 
analysis of  fat distribution can also offer another area of  
research to predict the short and long term outcome of  
these patients[26].
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