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Abstract

Background: Pancreatic cancer is gastrointestinal cancer with a poor
prognosis. Although surgical techniques and chemotherapy have im-
proved treatment outcomes, the S5-year survival rate for pancreatic
cancer is less than 10%. In addition, resection of pancreatic cancer is
highly invasive and is associated with high rates of postoperative com-
plications and hospital mortality. The Japanese Pancreatic Association
states that preoperative body composition assessment may predict post-
operative complications. However, although impaired physical func-
tion is also a risk factor, few studies have examined it in combination
with body composition. We examined preoperative nutritional status
and physical function as risk factors for postoperative complications in
pancreatic cancer patients.

Methods: Fifty-nine patients with pancreatic cancer who underwent
surgical treatment and were discharged alive from January 1, 2018, to
March 31, 2021, at the Japanese Red Cross Medical Center. This ret-
rospective study was conducted using electronic medical records and a
database of departments. Body composition and physical function were
evaluated before and after surgery, and the risk factors between patients
with and without complications were compared.

Results: Fifty-nine patients were analyzed: 14 and 45 patients in the
uncomplicated and complicated groups, respectively. The major com-
plications were pancreatic fistulas (33%) and infections (22%). There
were significant differences in: age, 74.0 (44 - 88) (P =0.02); walking
speed, 0.93 m/s (0.3 - 2.2) (P =0.01); and fat mass, 16.50 kg (4.7 -
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46.2) (P =0.02), in the patients with complications. On Multivariable
logistic regression analysis, age (odds ratio: 2.28; confidence interval
(CI): 1.3400 - 569.00; P = 0.03), preoperative fat mass (odds ratio:
2.28; CI: 1.4900 - 168.00; P = 0.02), and walking speed (odds ratio:
0.119; CI: 0.0134 - 1.07; P = 0.05) were identified as risk factors.
Walking speed (odds ratio: 0.119; CI: 0.0134 - 1.07; P=0.05) was the
risk factor that was extracted.

Conclusions: Older age, more preoperative fat mass, and decreased
walking speed were possible risk factors for postoperative complica-
tions.

Keywords: Pancreatic cancer; Complications; Body composition;
Walking speed

Introduction

Pancreatic cancer is gastrointestinal cancer with a poor prog-
nosis [1]. Treatment outcomes have improved in recent years
with the development of advanced medical care, surgical tech-
niques, and chemotherapy. However, the 5-year survival rate
remains the lowest among malignant neoplasms at approxi-
mately 10% [2].

Surgical radical resection is an important therapeutic inter-
vention for improving the long-term survival of patients with
pancreatic cancer. However, pancreatic cancer resections, such
as pancreatoduodenectomy (PD), distal pancreatectomy (DP),
and total pancreatectomy (TP), are highly invasive procedures
in the field of gastrointestinal surgery [3, 4]. The complica-
tion and in-hospital mortality rates for these surgeries are high
[3, 4]. The risk factors for in-hospital mortality include weight
loss, age, and decreased activity levels [3, 4].

According to the 2019 Japanese Pancreatic Cancer Treat-
ment Guidelines, nutritional assessment and body composition
evaluation combined with preoperative biochemical findings in
patients with pancreatic cancer may contribute to the prediction
of long-term prognosis and postoperative complications in pa-
tients undergoing pancreatic cancer surgery. Perioperative mal-
nutrition has a negative impact on short-term outcomes, includ-
ing postoperative complications. Moreover, patients at high
risk of malnutrition have been reported to have an increased
length of hospital stay and a significantly higher complication
rate than those at low risk, thereby affecting survival [5, 6].
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Figure 1. Flowchart of analysis study population. Pre-op: preoperative.

Previous studies on nutritional assessment using body
mass index (BMI), suggested BMI alone did not accurately
assess nutritional status, and that the assessment of body com-
position, such as muscle mass and fat mass, also contributed
to evaluate postoperative complication rates and prognosis [6].

A decrease in activity and impaired physical function are
also risk factors for the development of postoperative com-
plications [3, 4]. However, few studies have examined the
factors that contribute to the development of postoperative
complications in combination (or along) with body composi-
tion [7].

Therefore, this study aimed to elucidate whether preopera-
tive nutritional status and physical function influence the devel-
opment of postoperative complications in patients with pancre-
atic cancer.

Materials and Methods

Study design, setting, population, and study approval

This study was approved by the Ethics Review Committee of
the International University of Health and Welfare, Akasaka

Campus (Approval No. 21-Ig-76, September 10, 2021), and the
Ethics Review Committee of the Japanese Red Cross Medical
Center (Organizing No. 1362, October 29, 2021). This study
was conducted in accordance with the Declaration of Helsinki.
In addition, the “Information Disclosure Document on Clinical
Research”, which clearly states ethical considerations so that
population can withdraw from participation in the research at
any time, was posted on the website of the Japanese Red Cross
Medical Center.

This was a retrospective study using electronic medical
records and databases of department.

Study population

The population of this study were patients who underwent sur-
gical treatment for pancreatic cancer at the Japanese Red Cross
Medical Center Hospital from January 1, 2018, to March 31,
2021, and were discharged alive. Body composition (Tanita
MC-780MA-N), walking speed, and grip strength were meas-
ured preoperatively in 59 patients. Patients who had been on
enteral nutrition before surgery and those who had undergone
inoperative surgery, such as ileus removal, even if they had
pancreatic cancer, were excluded from the study (Fig. 1).
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Data collection

Perioperative information was collected from the patients’ medical
records, which provided basic information about the background
of the patients, their nutritional status, and physical function.

Medical record review

Basic patient data

Basic patient data included age, sex, weight, height, BMI, and
American Society of Anesthesiologists Physical Status (ASA).

Intraoperative items

We extracted information on the type of operation (DP, PD, TP),
anesthesia method (general anesthesia, general anesthesia with
epidural anesthesia), anesthesia duration, operation duration, in-
traoperative fluid volume, intraoperative blood loss, intraoperative
output, and intraoperative transfusion volume of blood products.

Postoperative period

On postoperative day (POD) 1, the patient got up from bed and
walked for the first time (defined as the date when the patient
walked for the first time). The date of the first oral intake (de-
fined as the date when the patient drank water), and the dura-
tion of hospital stay after surgery were extracted.

Nutritional evaluation method

Nutritional status can be assessed using the controlling nutri-
tion status (CONUT) score, a simple hematological assessment
method that reflects protein metabolism, lipid metabolism, and
immunity [8]. Using the values of albumin, total cholesterol,
and lymphocyte count, the three scores can be summed to ob-
tain the CONUT score.

Normal or mild malnutrition (CONUT score of < 4) was
defined as no malnutrition, and moderate or severe malnutri-
tion (CONUT score of > 5) was defined as malnutrition [9].
The prognostic nutritional index (PNI) was calculated using
the Onodera index PNI = 10 x serum albumin (g/dL) + 0.005
x lymphocyte count (/uL), to evaluate nutritional status and im-
munocompetence [9]. In gastrointestinal cancer surgery, a PNI
<47 is an independent predictor of postoperative complications.
Caution is required when the PNI is < 40 or < 45; and resec-
tion and anastomosis are contraindicated when the PNI is < 40.
Therefore, a PNI < 40 was considered poor in this study [9, 10].

Assessment of body composition

The assessment of body composition was performed under the
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guidance of a dietitian. Body composition included body fat
percentage, fat mass, lean body mass, muscle mass, body wa-
ter mass, and body water content. for example, using an Tanita
MC-780MA-N®,

Assessment of physical function

Physical function was assessed by measuring the walking
speed and grip strength [11-13]. Physical function was ob-
served by one dietitian. Grip strength was measured twice,
each on the left and right sides, and the maximum value was
adopted. The measurement device was an Aswan Digital Grip
Strength Tester Jammer Model MG-4800. Walking speed was
observed by one dietitian. Normal walking speed, excluding
acceleration and deceleration, should be evaluated by walking
4 m or more. The time required to walk 4 m from the 0 m point
to the 6 m point and from the 1 m point to the 5 m point was
measured. As a rule, the measurements are taken once. The
dietitian used a stopwatch to measure the time. The time period
was from 9:00 to 16:00.

Laboratory results

The blood test items included serum albumin, total protein,
prealbumin, transferrin, total lymphocyte count, and total cho-
lesterol. Blood tests were performed on admission according
to the clinical pathway.

Compare values measured at admission and discharge

Body composition, walking speed, and grip strength were
compared to values measured at admission and discharge.

Statistical analysis

Patients were divided into two groups according to the pres-
ence or absence of postoperative complications and statistical-
ly compared. Non-normally distributed continuous variables
were expressed as medians (ranges), and comparisons were
made with the Mann-Whitney U test. Categorical variables
were compared using either the Chi-squared test or Fisher’s
exact test, as appropriate. Cut-off values were calculated from
ROC curves for the four items of fat mass, age, walking speed,
and fat mass change that differed significantly, and continuous
variables were made binary. Finally, we performed a multi-
variable logistic regression analysis in which all four variables
with P values less than 0.05 in the univariate analysis were
entered. The significance level was set at < 5%. The statistical
analysis software EZR ver. 1.60 was used [14].

Results

The patient profiles were shown in Table 1. The median age of
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Table 1. Patient Characteristics in the Two Study Groups

No complications (n = 14) Complications (n = 45) P value
ASA-PS (%)
1 1(7.1) 2 (4.4) 0.23
2 12 (85.7) 30 (66.7)
3 1(7.1) 13 (28.9)
Surgical technique
DP 4 (28.6) 25 (55.6) 0.11
PD 10 (71.4) 18 (40.0)
TP 0 (0.0) 2 (4.4)
Sex
Men 5(35.7) 20 (44.4) 0.75
Women 9 (64.3) 25 (55.6)
Age 67.5 (54 - 78) 74.0 (44 - 88) 0.02
Preoperative CONUT score
<4 14 (100.0) 39 (86.7) 0.31
>5 0(0.0) 6(13.3)
Preoperative PNI
<40 0(0.0) 4 (8.9) 0.56
> 40 14 (100.0) 41 (91.1)
Anesthesia time (h) 10.45 (6.7 - 14.8) 8.6(3.5-14.9) 0.47
Operation time (h) 9.2(5.5-13.6) 7.6 (2.5-13.6) 0.58
Infusion volume (mL) 2,725 (1,550 - 5,950) 2,500 (850 - 2,950) 0.72
Blood transfusion
No 6 (42.9) 28 (62.2) 0.22
Yes 8 (57.1) 17 (37.8)
Urine output (mL) 385 (50 - 1,280) 302 (80 - 1,155) 0.29
Blood loss (mL) 547.5 (210 - 1,820) 550.0 (70 - 2,120) 0.50
First oral intake (day) 3(1-3) 2(1-17) 0.25
First time leaving the bed (day) 1(1-3) 1(1-6) 0.63
Hospital after day 30.5 (19 - 40) 33 (18-74) 0.07

ASA-PS: American Society of Anesthesiologists - Physical Status; CONUT: controlling nutrition status; PNI: prognostic nutritional index; PD: pancrea-

toduodenectomy; DP: distal pancreatectomy; TP: total pancreatectomy.

the 59 patients was 72 years old, and 32% of the patients were
older than 75 years (eight males and 11 females). The median
preoperative BMI was 22 kg/m?. By surgical technique, 29
(49%) patients underwent DP, 28 (47%) underwent PD, and
two (3%) underwent TP. General anesthesia combined with
epidural anesthesia was administered to 55 patients (93%).
Postoperatively, 49 (88%) patients were weaned PODI1. The
first oral intake occurred on the first postoperative day in 26
patients (48%). Twenty-four patients (44%) took their first
oral intake on the third postoperative day because the gastric
tube was removed on the third postoperative day. All patients
were discharged from the hospital after surgery, and no pa-
tient died while in the hospital. Forty-five patients developed
postoperative complications including pancreatic fistula

(33%), infection (22%), and delayed gastric emptying (11%)
(Fig. 2).

Preoperative patient profiles

There were no differences in sex, ASA classification, BMI,
CONUT values, or blood test results (Tables 1-3). In the group
with complications, there was a significant difference in age,
with a mean age of 74.0 years (P = 0.02). There were no sig-
nificant differences in grip strength or the presence of sarco-
penia, and the group with complications had a mean walking
speed of 0.93 m/s (P = 0.01), resulting in a slower gait (Table
3). In terms of body composition, there was a difference in fat
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Figure 2. Postoperative complications contents. The number of complications (%) of all pancreatic cancer patients included in

the study is indicated.

mass (P = 0.02), but no difference in muscle mass (P = 0.92)
(Table 4).

Intraoperative factors

There were no differences in the anesthesia method, anesthesia
duration, operative time, operative technique, intraoperative fluid
volume, blood loss, urine volume, or blood transfusion (Table 1).

Postoperative factors

There was no difference in the date on which the patients got
up from bed and walked for the first time or the date of first

drinking water. In terms of body composition, the mean rate
of change in fat mass before and after surgery was -0.17% (P
= 0.004), indicating a change in fat mass (Table 5). The mean
length of hospital stay was 33 days (P = 0.07), and patients
with complications had longer stays (Table 1).

Detection of independence factors affecting the incidence
of postoperative complications

Univariate and multivariable logistic regression analyses were
performed to identify risk factors affecting the occurrence of
postoperative complications (Table 6). Cut-off values were cal-
culated from factors including age, preoperative fat mass, fat
mass change, and walking speed, and from the ROC curve for

Table 2. Preoperative Blood Tests (or Examinations) in the Two Study Groups

No complications (n = 14) Complications (n = 45) P value
ALB (g/dL) 4.1(3.3-4.8) 4.023-42) 0.24
TP (g/dL) 6.8 (5.1-17.7) 6.8(5.1-17.9) 0.44
T-cho (mg/dL) 195(116 - 141) 187 (120 - 270) 0.41
TLC (nL) 1,260 (274 - 2,290) 1,340 (114 - 2,883) 0.17
CRP (mg/dL) 0.05 (0.02 - 0.28) 0.11 (0.01 - 6.01) 0.16
Transferrin (mg/dL) 235.5(193 - 271) 241.0 (152 - 350) 0.82
Prealbumin (mg/dL) 24.1(15.5-30.7) 24.1(9.7-36.4) 0.70

ALB: albumin; TP: total protein; T-cho: total cholesterol; TLC: total lymphocyte count; CRP: C-reactive protein.
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Table 3. Status of Nutrition and Physical Function in the Two Study Groups

Preoperative Postoperative
No complications Complications No complications Complications
(n=14) (n = 45) P value (n=14) (n = 45) P value
Sarcopenia
No 14 (100.0) 42 (93.3) 0.99 13 (100.0) 35 (87.5) 0.31
Yes 0(0.0) 3(6.7) 0(0.0) 5(12.5)
Walking speed (m/s) 1.45(0.76 - 2.1) 0.93 (0.3-2.2) 0.01 1.03 (0.78 - 2.5) 0.98 (0.32 - 2.0) 0.37
Grip of hand (kg) 27.5(16.0 - 47.5) 26.5(9.5-54.0) 0.36 28.5(13.6 - 47.5) 24.6 (13.0 - 57.0) 0.25
CONUT score (point) 2(1-3) 2(0-10) 0.51 3(2-9) 4(1-7) 0.26
PNI score 47.59 (3.50) 46.87 (5.56) 0.648
Survival
Mortality 2 (14.3) 13 (28.9) 0.606
Existence 11 (78.6) 29 (64.4)
Hospital after day 30.5 (19 - 40) 33 (18 -74) 0.07
CONUT: controlling nutrition status; PNI: prognostic nutritional index.
Table 4. Body Composition and Physical Function in the Two Study Groups in Pre- and Postoperative Periods
Preoperative Postoperative
No complications Complications No complications Complications
(0=14) (n = 45) P value (0=14) (n = 45) P value
Fat mass (kg) 10.75 (2.4 -23.2) 16.50 (4.7 - 46.2) 0.02 8.6 (3.1-22.7) 14.2 (5.8 - 35.6) 0.09
BMI (kg/m?) 19.15 (15.8 - 27.1) 22.40 (16.8 - 35.2) 0.1 17.7 (14.8 - 26) 21.15 (15.6 - 34) 0.06
Muscle mass (kg) 36.3(30.5-53.7) 35.7(28.3-59.3) 0.92 33.3(28.8-52.1) 35.8(28.2-62.9) 0.25
Grip of hand (kg) 27.5 (16.0 - 47.5) 26.5 (9.5 - 54.0) 0.36 28.5 (13.6 - 47.5) 24.6 (13.0 - 57.0) 0.25

BMI: body mass index.

Table 5. Comparison of Alterations of Body Composition and Physical Function in Pre- and Postoperative Periods in the Two Study
Groups

Comparison of before and after surgery

No complications (n = 14) Complications (n = 45) P value
Fat mass (kg) 0(-02-1.1) -0.14 (-0.8 - 0.1) 0.02
BMI (kg/m?) -0.06 (-0.09 - 0) -0.05(-0.1 - 0.02) 0.9
Muscle mass (kg) -0.05 (-0.17-0.01) -0.04 (-0.17 - 0.09) 0.44
Grip strength of hand (kg) -0.04 (-0.2 - 0.6) -0.04 (-0.39 - 0.3) 0.56

BMI: body mass index.

Table 6. Logistic Regression Analysis, Univariate and Multivariable Logistic Regression Analysis of Risk Factors Associated With
Postoperative Complications

Univariate analysis Multivariable logistic regression

Odds ratio 95% CI P value Odds ratio 95% CI P value
Age 6.86 1.370 - 34.2 0.01 27.6 1.34 - 569.0 0.03
Walking speed 0.122 0.0244 - 0.609 0.01 0.119 0.0134 - 1.07 0.05
Fat mass 7.24 1.910-27.4 0.01 15.900 1.4900 - 168.0 0.02
Fat mass change rate 6.61 1.640 - 26.6 0.01 5.730 0.7590 - 43.2 0.09

Cut-off values were calculated from ROC curves for the four items of fat mass, age, walking speed, and fat mass change that differed significantly;
and continuous variables were made binary. Logistic regression analysis was used to examine risk factors. Cl: confidence interval.

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ www.jocmr.org

305



Preoperative Factors in Pancreatic Cancer

J Clin Med Res. 2023;15(6):300-309

038

o
o
L

73.000
(0.857, 0533)

Sensitivity

o
=
L

02

AUC 0.701
95% CI10.551-0.851

T T T T T T
10 08 06 04 02 00
Specificity

0.0

(VTR

08

)
-0.090
(0.692,0.700)

Sensitivity
e
(=2
1

S
-
L

02

AUC 0.713
N 95% CI 0.534 - 0.893

T T T T T T
10 08 06 04 02 00

Specificity

b 10 1
% 11.200
(0.571,0844)
06 7
. 04 -
o AUC 0.696
95% CI10.519 - 0.873
00
1.IO 078 0.I6 074 0.‘2 O.IO
Specificity
d
08 -
06 -
2 1.010

(0.857,0.600)

04

02 1

AUC 0.71
95% CI1 0.561 - 0.86

T T T T T T
10 08 06 04 02 00
Specificity

0.0 1

Figure 3. ROC curves generated by the factors of (a) age, (b) preoperative fat mass, (c) fat mass change rate, and (d) walking
speed in the group with postoperative complications. AUC: area under the ROC curve; Cl: confidence interval.

the postoperative complication group (Fig. 3). In the univariate
analysis, the factors associated with complications were age
(P =0.01), gait speed (P = 0.01), preoperative fat mass (P =
0.01), and pre- and postoperative fat mass changes (P = 0.01).
In the multivariable logistic regression analysis, only three fac-
tors were identified as risk factors for postoperative compli-
cations: age (odds ratio: 2.28; 95% confidence interval (CI):
1.34 - 569.0; P=0.03), preoperative fat mass (odds ratio: 2.28;
95% CI: 1.49 - 168.0; P=0.02), and walking speed (odds ratio:
0.119; 95% CI: 0.01 - 1.07; P=0.05).

Discussion

Few previous studies have investigated predictors of postop-
erative complications in pancreatic cancer patients based on
nutrition and physical function. This present study demonstrat-

306 Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

ed that preoperative nutritional status, body composition, and
physical function such as walking speed and grip strength were
key factors to predict the occurrence of postoperative compli-
cations in pancreatic surgeries. In this study, independent pre-
dictors were identified as age, fat mass, and walking speed.
By identifying the predictive factors for the development of
complications, at-risk patients can be identified in the preop-
erative period. Thereby, early intervention will be applied, and
it would significantly contribute to attaining a shorter hospital
stay and long-term prognosis in patients with pancreatic can-
cer.

Effects of age on the occurrence of postoperative compli-
cations

Aging is associated with decreased functional reserves in all
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organ systems. Age-related decline in circulatory, respiratory,
renal, and other organ functions are associated with increased
postoperative complications [15]. A systematic review of post-
operative complications after PD by Prashant et al also indicat-
ed that patients > 75 years old had a higher incidence of com-
plications than younger patients [16]. In this study, the mean
age of the patients with complications was 74.0 years (range:
44 - 88; P=0.02). Therefore, the results of this study are gener-
ally consistent with those of previous studies and showed that
the risk of developing complications was increased in patients
more than 70 years old undergoing surgery. This study revealed
a logistic regression analysis of the relationship between pre-
operative age and postoperative complications (odds ratio:
27.6; 95% CI: 1.34 - 569.0). This relationship was elucidated
in a multivariable logistic regression analysis, which showed
no association, but a significant difference was found in a uni-
variate analysis (odds ratio: 6.86; 95% CI: 1.370 - 34.2).

Relationship between preoperative fat mass and postop-
erative complications in surgical patients

In a meta-analysis by Saravana-Bawan et al, patients with
obesity were more likely to have postoperative complications,
such as surgical site infection, pancreatic fistula, and pneumo-
nia [17]; the incidence of wound infection is directly related to
tissue perfusion and oxygenation. In particular, excess adipose
tissue is exposed to the surgical site and may prolong opera-
tive time [18-20]. Surgical retractors decrease adipose tissue
perfusion [21]. Uchida et al found high concentrations of free
fatty acids in the drainage of patients with postoperative pan-
creatic fistulas, suggesting a causal relationship between intra-
abdominal lipolysis and leakage into the pancreatic fistula, it
is believed to be related to fat [22]. In this study, the mean
preoperative fat mass of patients with complications was 16.5
kg (range: 4.7 - 46.2; P = 0.02). The cut-off value calculated
from the ROC curve was 11.2 kg, indicating that patients with
complications had more preoperative fat mass. Compared to
the mean preoperative fat mass of 14.3 kg (standard deviation:
7.1) in pancreatic cancer patients in the study by Trestini et
al [6], patients in this study had more preoperative fat mass.
Therefore, our patients with more fat mass would cause more
postoperative complications.

Furthermore, in the group with complications, the mean
change in fat mass before and after surgery was -0.14% (range:
-0.8 - 0.1; P=10.02), indicating that fat was utilized in the post-
operative period (Table 6). The body is prone to hypermetabo-
lism after the surgical invasion. Proteins in the body are used
as substrates for glycogenesis. As a result, glycogen stores in
the liver are greatly reduced and the body is in a state of starva-
tion. Furthermore, if the bicarbonate contained in the pancreat-
ic juice is not secreted, gastric acid is not neutralized, Thereby,
the pH of the digestive tract decreases, and glycine-conjugated
bile acid precipitates. Finally, fatty acid micelle formation fail-
ure occurs, resulting that bile acids not absorbed through the
ileum and excreted in large amounts in the feces. This not only
results in impaired fatty acid digestion and absorption but also
increases cholesterol catabolism in the liver, which contrib-
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utes to malnutrition [23, 24]. In this study, the mean change
in fat mass from preoperative to postoperative was 0% (range:
-0.2 - 1.1) in the uncomplicated group. In contrast, there was a
-0.14% (range: -0.8 - 0.1) (P = 0.02) change in fat mass in the
group with complications. These findings indicate that patients
with complications would impair digestion and absorption [24,
25].

In this study, the mean preoperative BMI was 22 kg/m?,
and complications occurred in patients who were obese (> 25
kg/m?), as defined by the World Health Organization (WHO).
Therefore, it is necessary to evaluate not only body weight, but
also body composition as part of the preoperative evaluation.
Comparing with other tools for estimating body composition
(computed tomography (CT) scan, magnetic resonance, imag-
ing (MRI), dual-energy X-ray absorptiometry (DEXA), body
composition has the advantages of being inexpensive and non-
invasive and offers the option of performing measurements at
the bedside. Angrisani et al validated the utility of bioimped-
ance analysis for assessing anthropometry, hydration status,
and fluid shifts. The authors demonstrated its ability to predict
the development of major complications after pancreatic sur-
gery [26, 27]. The present study clarified the relationship be-
tween preoperative fat mass and postoperative complications
(odds ratio: 15.9; 95% CI: 1.49 - 168.0). This relationship was
elucidated in the multivariable logistic regression analysis,
where no association was found, but significant differences
were found in the univariate analysis.

Relationship between preoperative walking speed and
postoperative complications in surgical patients

Aging causes a decrease in walking speed due to a decrease
in muscle mass, muscle strength, and physical ability [28].
Compared to healthy people, sick people walk slower, and
their walking speed tends to decrease with increasing age
[29]. A systematic review by Pamoukdjian et al showed that
slow walking speed is a predictor of early death, disability,
and falls [30] and is associated with a higher risk of mortality
[31]. Elderly individuals with walking speeds faster than 1.0
m/s have generally been found to have a better functional sta-
tus, better health, and higher survival rates [32]. In this study,
walking speed was measured during a 6-min walk [28, 33,
34]. Walking speed was significantly slower in the group with
complications than in the group without complications in this
study. The AWG2019 defined a gait speed of less than 1 m/s
as slowing down [35], which supported the results of the pre-
sent study.

Limitations

This study had several limitations. First, it was a single-center
retrospective study and was a very small retrospective study
compared to previous studies; thus, the interpretation of the re-
sults may be associated with bias. In addition, we investigated
the predictors of postoperative complications and included all
complications that could be observed. The postoperative com-
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plications included pulmonary thromboembolism, peroneal
nerve palsy, and other non-infectious and inflammatory com-
plications. All the patients in this study underwent laparotomy.
Thus, the results of this study may not be applicable in the
current era of minimally invasive surgery, such as laparoscop-
ic surgery and robot-assisted surgery. Physical measurements
were not taken by the physical therapist. Therefore, it is pos-
sible that the measurements were not taken properly. Although
this study is novel, the sample size is small. It was also those
performed on pancreatic patients for preoperative risk assess-
ment, not for prognostic purposes. The type of surgery was not
considered, as preoperative blood tests showed no difference.
Because of the small number of cases in this study, it was not
possible to include confounding factors in the multivariable
logistic regression analysis. Therefore, more cases need to be
analyzed in the future.

Conclusions

Age, preoperative fat mass, and decreased walking speed are
risk factors for postoperative complications in pancreatic sur-
geries, and appropriate preoperative assessment and nutrition-
al and exercise interventions are necessary for the outpatient
setting and early in hospitalization.
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