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Abstract
Introduction: Pancreatic surgery still carries a high morbid-
ity and mortality even in specialized centers. The aim of this 
study was to evaluate the influence of patients’ body com-
position on postoperative complications and survival after 
pancreatic surgery. Methods: This was a retrospective study 
on patients undergoing pancreatic surgery between March 
2012 and December 2017. Demographics, clinical data, and 
postoperative complications classified according to Cla-
vien-Dindo were recorded. Body composition was assessed 
using routine diagnostic or staging computed tomography 
(CT). Multiple Cox proportional hazards models were ad-
justed. Results: Ninety patients were included, 55% were 

male, and the mean age was 68 ± 10.9 years. Of these 90, 
92% had a total pancreatectomy or pancreaticoduodenec-
tomy, 7% a distal pancreatectomy, and 1% a pancreatico-
duodenectomy with multi-visceral resection; 84% had ma-
lignant disease. The incidence of major complications was 
27.8% and the 90-day mortality was 8.8%. The ratio of vis-
ceral fat area/skeletal muscle area (VFA:SMA) was associat-
ed with an increased risk of complications (OR 2.24, 95% CI 
1.14–4.87, p = 0.03) and 90-day survival (HR 2.13, 95% CI 
1.13–4.01, p = 0.019). On simple analysis, shorter overall sur-
vival (OS) was observed in patients aged ≥70 years (p = 
0.0009), with postoperative complications ≥IIIb (p = 0.01), 
an increased VFA:SMA (p = 0.007), and decreased muscle 
radiation attenuation (p = 1.6 × 10–5). In an OS model ad-
justed for age, disease malignancy, postoperative compli-
cations, and body composition parameters, muscle radia-
tion attenuation remained significantly associated with sur-
vival (HR 0.94, 95% CI 0.90–0.98, p = 0.0016). A model which 
included only body composition variables had a discrimina-
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tion ability (C-statistic 0.76) superior to a model which com-
prised conventional clinical variables (C-statistic 0.68). Con-
clusion: Body composition is a major determinant of post-
operative complications and survival in pancreatic surgery 
patients. © 2020 Sociedade Portuguesa de Gastrenterologia

Published by S. Karger AG, Basel

A composição corporal influencia a taxa de 
complicações pós-operatórias, a sobrevivência aos 
90 dias e global em doentes submetidos a cirurgia 
pancreática

Palavras Chave
Cirurgia pancreatica · Composição corporal · 
Sobrevivência · Complicações pós-operatórias · 
Atenuação muscular · Racio da área de gordura visceral /
área de tecido muscular esquelético

Resumo
Introdução: A cirurgia pancreática continua associada a 
uma elevada morbimortalidade mesmo em centros de 
referência. O objetivo do presente estudo foi avaliar a in-
fluência da composição corporal nas complicações e so-
brevivência após cirurgia pancreática. Métodos: Estudo 
retrospetivo em doentes submetidos a cirurgia pancreáti-
ca entre Março 2012 e Dezembro 2017. Foram registadas 
variáveis demográficas, clínicas, complicações pós-cirúr-
gicas classificadas de acordo com a classificação de a clas-
sificação de Clavien Dindo. A composição corporal foi 
avaliada utilizando imagens de Tomografia Axial Com-
putorizada (TAC) realizada no diagnóstico. Modelos de 
riscos porporcionais de Cox foram ajustados. Resultados: 
Incluídos 90 doentes, 55% homens e média de idade de 
68 ± 10.9 anos; 92% submetidos a pancreatectomia/pan-
creatoduodenectomia, 7% pancreatectomia distal e 1% 
pancreatoduodenectomia com ressecção multivisceral; 
84% tinham doença maligna. A incidência de complica-
ções major foi de 27.8% e a mortalidade aos 90 dias de 
8.8%. O racio da Área de Gordura Visceral (AGV) / Área de 
Tecido Muscular Esquelético (ATME) associou-se a um ris-
co acrescido de complicações (OR 2.24, 95% CI 1.14–4.87, 
p = 0.03) e de morte aos 90 dias (HR 2.13, 95% CI 1.13–4.01, 
p = 0.019). Observámos uma sobrevivência global mais 
baixa em doentes com idade ≥70 anos (p = 0.0009), com 
complicações ≥IIIb (p = 0.01), com AGV/ ATME aumenta-
da e atenuação muscular diminuída (p = 1.6 × 10–5). A at-
enuação muscular ajustada para a idade, malignidade, 

complicações, manteve-se associada à sobrevivência 
global (HR 0.94, IC 95% 0.90–0.98, p = 0.0016). Um mo-
delo que inclua apenas variáveis de composição corporal 
mostrou uma capacidade discriminatória (C-statistic 0.76) 
superior a um modelo convencional com variáveis clíni-
cas (C-statistic 0.68). Conclusão: A composição corporal é 
um determinante major de complicações pós-cirúrgicas e 
de sobrevivência de doentes submetidos a cirurgia pan-
creática. © 2020 Sociedade Portuguesa de Gastrenterologia 

Publicado por S. Karger AG, Basel

Introduction

Pancreatic cancer incidence is increasing, and surgery 
remains the only curative treatment. However, even in 
specialized centers, the incidence of postoperative com-
plications remains as high as 40–60% with a 5-year sur-
vival rate of 10–20% [1].

Operative mortality has improved through surgical 
technique and perioperative care optimization. In par-
ticular, the enhanced recovery after surgery (ERAS) path-
way allows a standardized, multimodal, multidisciplinary 
approach aimed at favoring postoperative recovery by re-
ducing surgical metabolic stress and limiting organ dys-
function [2]. 

With regard to nutritional status, recent studies have 
suggested that body composition phenotypes may influ-
ence postoperative and long-term clinical outcomes. 
Most studies have focused primarily on the impact of sar-
copenia (low skeletal-muscle mass) on major postopera-
tive complications [3] and overall survival (OS) [1, 4–12], 
and secondarily on visceral adipose tissue [3, 8, 10, 13] 
and low muscle radiation attenuation (a marker of fat in-
filtration of skeletal muscle) [9–11, 13]. Although some 
of these studies have included body mass index (BMI) [4, 
12] as a proxy of body fatness, the influence of skeletal 
muscle infiltration by adipose tissue as well as the propor-
tion of visceral adipose tissue with regard to skeletal-mus-
cle tissue has been strikingly less studied. 

Bearing in mind that obesity is a recognized risk fac-
tor for pancreatic cancer and that many of these patients 
experience weight loss at diagnosis which will certainly 
translate into a decline of skeletal muscle mass, we hy-
pothesized that all tissues, namely skeletal muscle, vis-
ceral fat, and skeletal muscle infiltration by adipose tis-
sue, may be equally relevant. We believe that this ap-
proach could lead us to a more comprehensive view 
where all tissues have a different role but are equally im-
portant and expected to interplay. We therefore aimed 
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to study the association of body composition parame-
ters, i.e., skeletal muscle, visceral fat, and muscle radia-
tion attenuation with postoperative complications, 90-
day survival, and OS in patients undergoing pancreatic 
surgery.

Materials and Methods

We conducted a single-center retrospective study at the Beatriz 
Ângelo Hospital (HBA). We reviewed all patients undergoing pan-
creatic surgery at our hospital between March 2012 and December 
2017. To be eligible for our study, patients needed to have an ab-
dominal computed tomography (CT) scan performed at our insti-
tution within 30 days of surgery to allow body composition anal-
ysis.

Demographic and clinical data including age, gender, Ameri-
can Society of Anesthesiologists (ASA) score, disease location, and 
histology according to surgical specimens were retrieved from pa-
tients’ electronic charts. The 90-day mortality and postoperative 
complications were classified according to Clavien-Dindo classifi-
cation. We considered the rate of complications as grade I–IIIa 
versus grade IIIb–V [14]. The date of the last follow-up and death 
were recorded as well. Primary outcome was OS measured in 
months from the date of elective hospitalization for surgery until 
death or until the censor date of the last visit to the hospital. The 
90-day survival was recorded in months from the date of elective 
hospitalization for surgery until death or until the censor date set 
at 90 days after surgery.

Body Composition Assessment 
Weight and reported height were recorded on admission and 

body mass index (BMI) was computed. BMI classification was 
done according to the following categories for adults: < 18.5 = un-
derweight, 18.5–24.9 = normal weight, 25.0–29.9 = overweight, 
30.0–34.9 = class I obesity, 35–39.9 = class II obesity, and ≥40 = 
class III obesity. The BMI classification for the elderly was used for 
patients aged ≥65 years, i.e., < 24 = underweight, 24–27 = normal 
weight, and > 27 = overweight. Opportunistic body composition 
assessment was conducted from the diagnostic or staging CT scan. 
CT methodology is highly precise for quantifying specific tissues 
and predicting whole-body composition [15]. Images were select-
ed by radiologists on the axial plane at the level of the 3rd lumbar 
vertebra including both transverse processes using a portal venous 
phase, and then processed with a program built with Matlab. This 
software performs an automatic segmentation of tissue cross-sec-
tional areas, using the following Hounsfield unit (HU) thresholds: 
–29 to 150 for skeletal muscle, –190 to –30 for subcutaneous and 
intramuscular adipose tissue, and –50 to –150 for visceral adipose 
tissue. Validation of the processed images was conducted and 
manual corrections were executed by radiologists. Cross-sectional 
skeletal muscle, visceral fat, subcutaneous fat, and mean muscle 
radiation attenuation were recorded. The skeletal muscle index 
(SMI [in cm2/m2] = skeletal muscle area [SMA]/height) and ratio 
of visceral fat area/SMA (VFA:SMA) were calculated as previously 
described [3, 16]. Sarcopenia, low muscle radiation attenuation, 
and high visceral fat were defined according to sex-specific previ-
ously published cut-offs [16, 17].

Statistical Analysis
The thresholds for CT image-derived body composition pa-

rameters to define sarcopenia and low muscle radiation attenua-
tion have been determined for a population with mixed cancer 
disease locations [16, 18] whereas those for visceral obesity have 
been obtained from obesity-related research [19, 20]. The above-
mentioned thresholds for sarcopenia and low muscle radiation at-
tenuation have already been used in pancreatic cancer patients [3, 
4, 12, 13, 21, 22]. Besides this, candidate thresholds for sarcopenia 
based on SMA/body surface area (BSA) have been determined for 
gastric cancer patients [23]. However, there has been some criti-
cism about the generalization of the reported thresholds due to 
ethnic and disease-site differences. As such, in recent studies with 
pancreatic cancer patients, different strategies to determine spe-
cific thresholds for each study population have been used, such as 
optimal stratification of total psoas area [5], sex-specific lowest 
quartile/tertile of SMA [9, 10], and receiver-operating characteris-
tics (ROC) curve analysis [6, 11].

Since no thresholds for body composition have yet been estab-
lished for the Portuguese population and bearing in mind that using 
thresholds not validated specifically for patients with pancreatic tu-
mors may be misleading, we decided to use body composition vari-
ables in their continuous form, except for the Kaplan-Meier curves 
comparison, where dichotomization is necessary. From a statistical 
point of view, the use of continuous variables is a better option than 
discrete data, since continuous data convey more information. 
However, to account for gender-specific differences in body com-
position, variables were mean-centered in order to be scaled by sex. 
We decided not to use optimal stratification strategies, since this 
approach was considered unstable for our sample size.

Simple and multiple logistic regression were used to relate each 
variable with complications as Clavien-Dindo ≥IIIb. For continu-
ous variables, linearity of the logit in the predictor was assessed us-
ing a cubic spline and the Wald test of linearity [24]. Only variables 
with a p value ≤0.25 or considered clinically relevant were selected 
for multiple logistic regression. Multicollinearity was also analyzed 
via the observation of variance inflation factors. A stepwise both-
selection technique was used to create the multiple regression mod-
el. The ROC curve was computed and the respective area under the 
curve (AUC) was calculated to assess the accuracy of the model. 
The positive and negative predictive values (PPV and NPV) were 
also given. The association between major postoperative complica-
tions and type of surgery was assessed with the Fisher exact test.

Survival analysis was conducted with the Kaplan-Meier esti-
mate, and survival curves were compared with the log-rank test. 
Body composition variables such as SMI and muscle radiation at-
tenuation were dichotomized according to the lowest sex-specific 
quartile and VFA:SMA, with respect to the highest sex-specific 
quartile to allow for the comparison of survival curves. 

First, 2 multiple Cox proportional hazards models with con-
ventional clinical variables and body composition variables were 
adjusted and the C-statistic was computed to assess model predic-
tion ability. 

Lastly, a multiple Cox proportional hazards model was adjust-
ed for 90-day survival, in order to allow the comparison between 
variables associated with 90-day survival and OS. In this compari-
son, we used the OS model containing both clinical and body com-
position variables which yielded the highest C-statistics. 

Data analysis was performed with SPSS v20 and R v3.0.2 and 
statistical significance was set at p ≤ 0.05.
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Results

Population
A total of 125 patients undergoing surgery for pancre-

atic tumors at our institution during the study period 
were screened for eligibility. Thirty-five patients were ex-
cluded because their diagnostic CT scan had been per-
formed at another hospital. Excluded patients were com-
pared to included patients, and no differences were found 
in demographics, postoperative complications, or mor-
tality rate. Demographic and clinical data are presented 
in Table 1. Ninety patients were included, 56% of whom 
were male, and the mean age was 68 ± 10.9 years. Four-
teen of 90 patients (16%) had evidence of benign or pre-
malignant tumors on the surgical specimen (10 intra-
ductal papillary mucinous neoplasms, 1 serous cystade-
noma, 1 case of chronic focal pancreatitis, and 2 mucinous 
cysts). Among the patients with malignant tumors, al-
though the large majority were pancreatic ductal adeno-
carcinomas, we also found 17 adenocarcinomas of the 
ampulla of Vater, 7 distal cholangiocarcinomas, 1 duode-
nal carcinoma, 3 malignant neuroendocrine tumors, and 
1 acinar-cell carcinoma of the pancreas. Of the 90 pa-
tients, 92% had a total pancreatectomy or pancreatico-
duodenectomy, 7% a distal pancreatectomy, and 1% a 

pancreaticoduodenectomy with multivisceral resection. 
The rate of major complications was 27.8%, the 90-day 
mortality rate was 8.8%, and 28.9% died during the study 
period. Survival was 81.1% at 1 year and 73.3% at 2 years. 
The mean follow-up period was 12.5 (0.26–49.8) months. 

BMI categories and body composition parameters at 
diagnosis are presented in Table 2. The number of pa-
tients per body composition phenotype according to pub-
lished cut-offs is shown in Figure 1. Mean BMI was 25.1 
± 4.03; 27.8% of the patients were underweight, 37.8% 
were of normal weight, 20.0% were overweight, 13.3% 
had class I obesity, and 1.1% had class II obesity. Further-
more, 2.2% patients presented sarcopenic obesity. 

Postoperative Complications
Twenty-five of 90 patients had postoperative compli-

cations ≥IIIb. We observed that 24 of these 25 patients 
were referred for total pancreatectomy or pancreatico-
duodenectomy, 1 for pancreaticoduodenectomy with 
multivisceral resection, and none for distal resection ex-
perienced major complications. In this analysis, we ob-
tained a near-significant association between the type of 
surgery and major postoperative complications (p = 
0.087). Table 3 shows simple and multiple logistic regres-
sions exploring the association of each variable with the 

Table 1. Demographic and clinical data of 90 patients

Age, years (mean ± SD) 68±10.9 
Male sex 50 (56)
ASA grade 

I/II 60 (66.6)
III 30 (33.3)

Preoperative biliary drainage 38 (42.2)
Type of surgery

Duodenopancreatectomy/total 84 (92)
Distal resection body-tail 6 (7)
Duodenopancreatectomy with multivisceral 

resection 1 (1)
Postoperative histology 26 (54)

Benign 14 (16)
Malignant 76 (84)

Stage I 22 (28.9)
Stage II/III 54 (71.1)

Preoperative chemotherapy 9 (10.0)
Major postoperative complications 25 (27.8)
90-Day mortality 8 (8.8)
Overall mortality 26 (28.9)

Values express n (%), unless otherwise indicated.

Table 2. BMI and body composition of 90 patients at diagnosis

BMI
Underweight 25 (27.8)
Normal weight 34 (37.8)
Overweight 18 (20.0)
Class I obesity 12 (13.3)
Class II obesity 1 (1.1)

SMI
Men 49.4±8.2 cm2/m2

Women 41.2±4.9 cm2/m2

Fat mass index
Men 105.3±50.3 cm2/m2

Women 139.3±66.8 cm2/m2

Visceral fat index
Men 58.6±32.2 cm2/m2

Women 51.6±33.6 cm2/m2

Muscle radiation attenuation
Men 34.8±7.9 HU
Women 30.8±10.0 HU

VFA:SMA
Men 1.2±0.6
Women 1.2±0.9

Values are expressed as n (%) or mean (SD). BMI, body mass 
index; SMI, skeletal muscle index; FMI, fat mass index; VFA:SMA, 
ratio of visceral fat area/skeletal muscle area. 
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postoperative complications. Simple logistic regression 
showed that postoperative complications ≥IIIb were sig-
nificantly associated with the visceral fat index and 
VFA:SMA, and an almost significant association was 
found for muscle radiation attenuation and ASA score. 
However, in the multiple logistic regression analysis, 
only VFA:SMA remained significantly associated with 
postoperative complications ≥IIIb. In this model, the 
odds of major complications were 2-fold greater per (an 
increase of 1) unit of VFA:SMA. Regarding ASA score, 
although it was perceived as relevant to major postop-
erative complications (since it was selected in the step-
wise analysis), it lost statistical significance when adjust-
ed for VFA:SMA. The AUC obtained through the ROC 
curve analysis was 0.691, which shows a fair discrimina-
tion ability of the selected model (Fig. 2). Sensitivity was 
68.0%, specificity was 67.7%, PPV was 15.4%, and NPV 
was 55.3%. Lastly, we conducted a subset analysis includ-
ing only patients with malignant disease, where VFA:SMA 
was the only variable to be selected for the final model 
with a near-significant association (OR 1.77, 95% CI 
0.925–3.77, p = 0.10).

Sarcopenia
Low muscle
attenuation

High visceral fat 6

10

13

23

8

3

10

17

Fig. 1. Venn diagram of number of patients with sarcopenia, low 
muscle attenuation, and high visceral fat defined with published 
cut-offs (n = 90).

Table 3. Simple and multiple logistic regression with postoperative complications as the dependent variable

Postoperative complications Simple logistic regression Multiple logistic regression

yes (n = 25) no (n = 65) OR 95% CI p value OR 95% CI p value

Continuous variables
Age 70 (48–85) 67 (34–89) 1.03 0.98–1.07 0.28 excluded
BMI 25.8 (19.4–33.5) 24.9 (18.2–35.0) 1.05 0.93–1.18 0.39 not included
SMI 44.4 (31.4–74.3) 46.4 (32.9–65.9) 0.96 0.89–1.03 0.34 not included
Visceral fat index 68.4 (11.5–168.2) 50.6 (1.91–104.2) 1.90 1.07–3.65 0.04 excluded
VFA:SMA 1.55 (0.31–4.9) 1.09 (0.04–2.54) 2.30 1.21–4.92 0.02 2.24 1.14–4.87 0.03
Muscle radiation attenuation 30.21 (11.4–47.2) 34.14 (8.22–48.12) 0.95 0.90–1.00 0.07 excluded

Categorical variables
Gender

Female 13 37 1.00
Male 12 28 0.82 0.32–2.09 0.67 not included

Age 
<70 years 14 39 1.00
≥70 years 11 26 1.17 0.45–2.99 0.73 not included

ASA score
I 13 47 1.00 1.00
II/III 12 18 2.41 0.92–6.32 0.07 2.26 0.83–6.20 0.11

Histology 
Benign 3 11 1.00 excluded
Malignant 22 54 1.49 0.42–7.07 0.56

Neoadjuvant chemotherapy
No 24 57 1.00
Yes 1 8 0.29 0.01–1.74 0.26 excluded

Values are presented as mean (range) or n. “Excluded” pertains to variables excluded in the stepwise analysis and “not included” to variables not in-
cluded since p > 0.25. BMI, body mass index; SMI, skeletal muscle index; VFA:SMA, ratio of visceral fat area/skeletal muscle area.
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Survival
Estimated mean OS was 31.15 months. Kaplan-Meier 

survival curves for OS as well as their comparison with 
clinical and body composition variables are reported in 
Figures 3–5. Dichotomization of body composition pa-
rameters was conducted using the first sex-specific quar-
tile for SMI (males 43.9 cm2/m2 and females 37.2 cm2/
m2), muscle radiation attenuation (males 30.9 HU and 
females 23.42 HU), and the third sex-specific quartile for 
the VFA:SMA (males 1.52 and females 1.67) to allow for 
the Kaplan-Meier curves comparison. Comparison of 
survival curves was also conducted for BMI categories 
(low/normal weight vs. overweight/obese), but no statis-
tically significant differences were found (p = 0.332).

Table 4 presents the results of the simple and multiple 
analyses for OS. Regarding clinical variables, in the sim-
ple analysis, shorter survival was observed in patients 
aged ≥70 years, those submitted to pancreaticoduode-
nectomy with multivisceral resection, with postoperative 
complications ≥IIIb, and when a near-significant p value 
was found for ASA score (I/II vs. III). Regarding body 
composition variables, an increase of 1 unit in muscle ra-
diation attenuation was associated with an 8% reduction 
in the estimated risk of death, whereas an increase of 1 
unit in VFA:SMA was associated with an increase of 90% 
in the estimated risk of death. Lastly, a near-significant 

association was found between OS and SMI, where an in-
crease of 1 unit was associated with a 5% reduction in the 
estimated risk of death.

Two multiple proportional hazards Cox models were 
adjusted using variables significantly associated with OS 
or considered clinically pertinent, and the C-statistics 
were compared. In the first model, only conventionally 
used clinical variables were included, namely age, ASA 
score, histology, and postoperative complications. In this 
model, both age and postoperative complications were 
significantly associated with OS. The estimated risk of 
death was 3.34 times greater in patients aged ≥70 years. 
HRs for major complications could not be computed be-
cause this variable was adjusted by stratification as it vio-
lated the proportional hazards assumption. At first, we 
decided not to include the type of surgery because most 
patients were submitted to total pancreatectomy or pan-
creaticoduodenectomy, and there were very few patients 
who underwent distal pancreatectomy and multivisceral 
resection which can influence estimates. However, bear-
ing in mind the clinical relevance of this variable, we per-
formed the same analysis including the type of surgery; 
this did not alter the previous results or increase the per-
formance of the model (the C-statistics remained the 
same), so we decided to not include it after all to avoid 
overfitting (data not shown). A second model was adjust-
ed using body composition variables. In this model, we 
included SMI, muscle radiation attenuation, and VFA: 
SMA. The only significant variable was muscle radiation 
attenuation, where an increase of 1 HU was associated 
with an 8% reduction in estimated risk of death. Interest-
ingly, the model which included 3 body composition vari-
ables had a discrimination ability (a C-statistic of 0.76) 
superior to the model which included 4 conventional 
clinical variables (a C-statistic of 0.68). 

To compare postoperative survival with OS, Table 5 
shows the results obtained for the model that yielded the 
highest C-statistics with regard to OS and the results of 
the Cox proportional hazards model for the analysis of 
90-day survival. Ninety-day survival was associated with 
age, with patients aged ≥70 years displaying an 8.2-fold 
greater estimated risk of postoperative death compared 
with patients aged < 70 years. Although in this analysis we 
could not compute the HR for postoperative complica-
tions ≥IIIb due to model stratification, it is worth noting 
that all patients who had died at 90 days had experienced 
major complications. Also, the estimated risk of death 
was 2 times higher per (an increase of 1) unit of VFA:SMA 
adjusted for age, histology, and postoperative complica-
tions.
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On the other hand, when we analyzed OS, age was no 
longer a determinant factor. With regard to body compo-
sition parameters, the results differed from those for 90-
day survival, and muscle radiation attenuation was the 
only significant variable where an increase in 1 unit was 
associated with a 6% reduction in estimated risk of death, 
independently of age, histology, and postoperative com-
plications.

Finally, the 90-day survival and OS analyses were con-
ducted only for patients with malignant disease, and sim-
ilar results were obtained. In a model that adjusted for 
postoperative complications and age, VFA:SMA (HR 

2.02, 95% CI 1.07–3.81, p = 0.03) was significantly associ-
ated with 90-day survival. In a model adjusted for post-
operative complications and age, muscle attenuation was 
significantly associated with OS (HR 0.94, 95% CI 0.89–
0.99, p = 0.019).

Discussion

In this observational study performed in a single refer-
ence center for pancreatic surgery, we observed that body 
composition is a major determinant of the outcome of 
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surgically treated patients. We found that, for predicting 
survival, the discrimination achieved with a model that 
includes 3 body composition parameters proved superior 
to a model with 4 conventional clinical variables such as 
age, ASA score, disease histology, and postoperative com-
plications. With regard to postoperative complications, a 
major determinant of OS, we observed a significant asso-
ciation with VFA:SMA independently of ASA score. It is 
worth pointing out that, in our sample, only 2 patients 
met conventional criteria for sarcopenic obesity. 

Considering the high morbidity and mortality associ-
ated with pancreatic surgery, our findings are highly rel-
evant. Although age, ASA score, and disease stage are 

non-modifiable factors, we can certainly aim at modify-
ing preoperative body composition, especially during 
neoadjuvant chemotherapy. This is being more frequent-
ly prescribed even in tumors which seem resectable up-
front. Criteria for considering a tumor as borderline re-
sectable have been recently expanded and, as of today, 
neoadjuvant chemo/chemoradiotherapy is now strongly 
recommended in a substantial proportion of operated 
patients, if not all [25–28]. This period usually lasts 6 
months or even more, which is an excellent opportunity 
to intervene with combined programs of exercise and/or 
dietary intervention aimed at modifying body composi-
tion.
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Most studies that have addressed the relationship be-
tween body composition and the clinical outcome of pan-
creatic surgery patients focused mainly on skeletal muscle 
tissue and OS, with contradictory results. The studies 
have approached this issue using different methods to 
tackle skeletal muscle tissue, namely L3 CT scan-derived 
sarcopenia [4, 10, 16, 29], SMA loss [30], accelerated loss 
of muscle mass [20], total psoas area [1, 11] and volume 
[5], which have been associated with shorter OS in pan-
creatic cancer patients submitted to surgery or palliative 
care. 

In contrast, other studies failed to demonstrate such an 
association [9, 22], or were only able to show an associa-
tion with sarcopenia if BMI was accounted for (which 
may be thought of as a proxy of body fatness) [8, 12]. 
Some studies included patients submitted to curative and 
palliative procedures which obviously have different out-
comes [13]. In this study, we enrolled patients submitted 
to curative surgery only; 84% had malignant tumors while 
the remaining ones had premalignant lesions, and all pa-
tients were treated by the same team of 3 surgeons. Al-
though skeletal muscle per se was not associated with a 
worse prognosis, it is worth noting that both VFA:SMA 
and muscle attenuation, which incorporate both fat and 
skeletal muscle tissue, were strong determinants of post-
operative complications, 90-day survival, and OS, respec-

tively. This suggests that these body compartments should 
not be considered isolated as they seem to exert a joint 
influence on the final outcome.

Notably, most studies published so far have addressed 
OS; only a small number have investigated the effect of 
body composition on postoperative survival. Joglekar et 
al. [31] found that sarcopenia was an independent predic-
tor of grade-III complications, but they did not analyze 
visceral fat or muscle attenuation. In our study series, 
VFA:SMA was independently associated with 90-day sur-
vival and postoperative complications on multivariate 
analysis, while ASA score lost significance. Our findings 
are in line with the only published study to investigate the 
influence of VFA:SMA on 60-day mortality, and found 
that a VFA:SMA exceeding 3.2 and ASA III were the 
strongest predictors of mortality [3].

In our study, muscle radiation attenuation was found 
to be the most relevant body composition parameter as-
sociated with OS independently of age, postoperative 
complications, and disease histology. This result sup-
ports the hypothesis that muscle quality may be one of 
the most important body composition parameters influ-
encing OS. In agreement with our results, van Dijk et al. 
[13] also found that low skeletal-muscle radiation atten-
uation was associated with worse OS and a high skeletal/
visceral adipose tissue index was related to an increased 

Table 5. Stratified Cox proportional hazards models of 90-day and overall survival

90-Day survival Overall survival

deaths
(n = 8)

survival 
(mean)

Coeff. SE HR 95% CI p deaths
(n = 26)

survival 
(mean)

Coeff. SE HR 95% CI p

Age, years
<70 2 2.92 1.00 9 31.5 1.00
≥70 6 2.65 2.1 0.9 8.2 1.3–51.8 0.02 17 18.5 0.74 0.48 2.09 0.81–5.39 0.12

Histology
Benign 1 2.84 1.00 2 37.4 1.00
Malignant 7 2.80 0.76 1.09 2.14 0.24–18.5 0.48 24 29.2 0.53 0.74 1.70 0.39–7.34 0.51

Complications
<IIIb 0 3.00 Controlled with model stratification1 15 32.0 Controlled with model stratification1

≥IIIb 8 2.31 11 26.7

Skeletal muscle index 8 2.8 Excluded2 26 31.1 Excluded2

Stratified Cox proportional hazards models
Muscle radiation 
attenuation

8 2.8 Excluded2 26 31.1 –0.05 0.02 0.94 0.90–0.98 0.016

VFA:SMA 8 2.8 0.75 0.32 2.13 1.13–4.01 0.019 26 31.1 Excluded2

C-statistic 0.767 0.735

N = 90 patients, with 8 and 26 deaths at the 90-day and overall follow-ups, respectively. 
1 Complications were accounted for through stratification since this variable violated the proportional hazards assumption.
2 Nonsignificant body composition parameters were excluded to avoid numerous predictors.
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surgical-site infection rate. In this particular study, 50% 
of patients had non-pancreatic cancer and 30% of them 
were submitted to palliative procedures which substan-
tially increased the heterogeneity of the study popula-
tion. In a recent study, Stretch et al. [9] found that myo-
steatosis was associated with an increase in postoperative 
complications but found no correlation between body 
composition and OS. Of note, the reported incidence of 
major postoperative complications and deaths in their 
study was exceedingly low, which could explain this lack 
of correlation. They concluded that sarcopenia and myo-
steatosis represent 2 separate and distinct clinical pheno-
types, but they did not include VFA:SMA in their analy-
sis. 

To our knowledge, this is the first study examining the 
effect of body composition in its most holistic perspective 
including the ratios between visceral fat and skeletal mus-
cle tissues in both postoperative outcomes and OS. Al-
though well-powered prospective studies are still needed, 
our results suggest that muscle radiation attenuation may 
be an independent prognostic factor of OS and that 
VFA:SMA is significantly associated with 90-day survival 
and postoperative complications.
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