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Abstract

Background/Objectives: A postoperative recovery capacity-enhancement program, Enhanced
Recovery After Surgery (ERAS), has recently been developed according to evidence regarding
perioperative management, recognizing the importance of perioperative rehabilitation. We examined
the effectiveness of perioperative rehabilitation in patients with sarcopenia undergoing hepato-
biliary-pancreatic (HBP) surgery. Methods: We evaluated 155 patients who underwent high-level
HBP surgery from August 2017 to December 2019. We recorded their preoperative nutritional index
(prognostic nutritional index and controlling nutritional status (CONUT) score), skeletal muscle
index (SMI), surgical operation, and postoperative course. SMI was measured by bioimpedance
analysis using an InBody S10®. Results: We analyzed data for 155 patients, including 68 in the
sarcopenia (S) group and 87 in the non-sarcopenia (NS) group, according to the Asian Working
Group for Sarcopenia criteria. The CONUT score was significantly higher and the nutritional status
was poorer in the S group than in the NS group. The number of diabetic cases was also significantly
higher in the S group than in the NS group. There was no significant difference in serious
postoperative complications (Clavien-Dindo grade > Illa) between the groups, including pleural
effusion and ascites that was difficult to treat. There was also no significant difference in length of
hospital stay between the two groups. Conclusions: Among patients undergoing HBP surgery,
patients with sarcopenia are likely to have poorer nutritional status and SMI; however, perioperative
rehabilitation may help to avoid serious postoperative complications and long-term hospitalization
after surgery.
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1. Introduction

Major hepato-biliary-pancreatic (HBP) surgery, defined in Japan as a high-level HBP surgery, is
associated with various serious complications and high perioperative mortality [1]. According to the
Japan National Clinical Database, although the postoperative hospital stay and perioperative
mortality rates among patients undergoing major hepatectomy and pancreaticoduodenectomy are
lower in Japanese Society of Hepato-Biliary-Pancreatic Surgery (JSHBPS) board-certified training
institutions than in other institutions, the rates are still higher than for other gastrointestinal cancer
surgeries and thus require improvement [1].

Sarcopenia in patients undergoing gastrointestinal cancer surgery is a risk factor for
postoperative complications and a poor prognosis, and assessment and continuous monitoring of
sarcopenia has become an important issue in clinical practice [2-4]. Patients with pancreatic cancer
may suffer from pancreatic exocrine insufficiency as a result of pancreatic duct obstruction, diabetes
mellitus, obstructive jaundice, or cholangitis, and many patients show preoperative weight loss,
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malnutrition, and sarcopenia [4,5]. The usefulness of HBP surgery, sarcopenia evaluation,
perioperative management, and rehabilitation has therefore attracted attention [4-6].

The aim of this study was to clarify the effectiveness of perioperative rehabilitation for patients
with sarcopenia undergoing high-level HBP surgery in our institution, compared with patients
without sarcopenia.

2. Materials and Methods

2.1. Defining High-Level HBP Surgery

The JSHBPS has designated 28 surgeries as high-level HBP surgeries, including four categories:
hepatobiliary surgery (11 types), hepatopancreatic surgery (1 type), pancreatic surgery (11 types),
and HBP surgery requiring vascular resection and reconstruction (5 types) [1].

2.2. Patients

We enrolled 155 adult patients who underwent high-level HBP surgery in Asahikawa Medical
University Hospital from August 2017 until December 2019. Study approval was obtained from the
Ethics and Indications Committee of Asahikawa Medical University.

2.3. Defining Sarcopenia

Patient body composition was estimated using multifrequency bioimpedance analysis with an
InBody S10® analyzer (Biospace Co., Ltd., Seoul, Korea). The InBody uses an eight-point tetrapolar
electrode system that assesses impedance at six specific frequencies (1, 5, 50, 250, 500, and 1000 kHz),
and impedance at three specific frequencies (5, 50, and 250 kHz) with a small alternate electrical
current applied on the body. Bioimpedance measurements were performed by trained staff according
to standardized procedures. The measurements were conducted on the dominant side of the body
(right side in most patients). The patients fasted overnight, emptied their bladders by urinating, and
measurements were made with the patient unclothed and in a standing posture, at an ambient
temperature of 25°C. After collecting the data, the skeletal muscle index (SMI) was calculated by
normalizing the skeletal muscle mass for height (kg/m?). Sarcopenia has previously been defined as
a decrease in SMI [7]. We therefore defined the sarcopenia (S) group as patients with an SMI< 7 kg/m?
for men or < 5.7 kg/m? for women, in accordance with the Asian Working Group for Sarcopenia
(AWGS) criteria [8]. Patients without sarcopenia constituted the non-sarcopenia (NS) group.

2.4. Data

We retrospectively reviewed the enrolled patients’” medical records to retrieve the following
data: general clinical information (age, sex, body mass index (BMI), body fat percentage, and SMI),
presence of diabetes mellitus, surgical data (type of high-level HBP surgery), gait speed, hand-grip
strength, postoperative surgical and medical complications, and survival. Gait speed was determined
by measuring the time taken for patients to walk a straight, 10-m course at their usual speed and was
calculated as meters per second (m/s). Muscle strength was assessed by measuring hand-grip
strength using a digital grip-strength dynamometer. Hand-grip strength was measured twice, and
the average of the two values for the dominant hand was used as the mean grip strength in the
analysis. Events occurring within 30 days after surgery were classified as postoperative complications
or mortality. The Clavien-Dindo (CD) classification was used to rate the severity of each
postoperative complication [9]. The presence of postoperative complications in this study was
defined as CD grade 2 II and serious complications were defined as grade III (there were no grade IV
or V complications). Refractory ascites and pleural effusion (PE) were defined as conditions that did
not respond to conservative treatment and required invasive treatment. Nutritional indices were
generated from preoperative blood test results, including serum albumin (ALB) and serum total
cholesterol concentrations, white blood cell count, and total lymphocyte count (TLC). If there was
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more than one set of measurements for a given patient, the earliest set of measurements was used.
The prognostic nutritional index (PNI) was calculated as (10 x ALB (g/dL)) + (0.005 x TLC (mm?3)) [10].
Regarding the controlling nutritional status (CONUT) score [11], albumin concentrations > 3.5, 3.0-
3.49,2.5-2.99, and < 2.5 g/dL were scored as 0, 2, 4, and 6 points, respectively, total lymphocyte counts
> 1600, 1200-1599, 800-1199, and < 800/mm? were scored as 0, 1, 2, and 3 points, respectively, and
total cholesterol concentrations > 180, 140-179, 100-139, and < 100 mg/ dL were scored as 0, 1, 2, and
3 points, respectively. The CONUT score was then defined as the sum of the above three
measurements [11].

2.5. Statistical Analysis

PNI has previously been stratified according to nutritional significance, with a value > 50 defined
as normal, > 45 to 49, > 40 to 44, <, and < 40 considered as mild malnutrition, moderate malnutrition,
and severe malnutrition, respectively [10]. Continuous data are presented as median (range) as
appropriate. Continuous variables were analyzed nonparametrically using the Mann-Whitney U
test. Correlations between continuous variables were assessed using Pearson’s correlation
coefficients and linear regression. Perioperative changes in each parameter in both groups were
estimated using repeated measures analysis of variance (ANOVA) followed by Dunnett’s post hoc
test. All numerical data were presented as mean + standard deviation.

All statistical analyses were performed using EZR version 1.68 (Saitama Medical Center, Jichi
Medical University, Saitama, Japan), a graphical user interface for R (The R Foundation for Statistical
Computing, Vienna, Austria). A P-value <0.05 was considered statistically significant.

3. Results

3.1. Patient Characteristics

The baseline patient characteristics are summarized in Table 1. There were 99 male and 56 female
patients (63.9% vs 36.1%, respectively), with a median age of 72 years (range, 20-87 years), median
BMI of 22.7 kg/m? (range, 15.8-43.4), median body fat percentage of 27.3% (range, 3.0%-54.0%), and
a median SMI of 6.8 kg/m? (range, 4.4-9.1). Fifty-five (35.5%) patients had diabetes mellitus.
Regarding the patients’ preoperative nutritional indicators, the median serum ALB was 4.0 g/dL
(range, 2.4-5.2), median PNI was 47 (range, 30-59), and the median CONUT score was 2 (range, 0—
9). In terms of preoperative motor function, the median gait speed was 1.19 m/s (range, 0.52-1.63)
and the median mean grip strength was 27.7 kg (range, 13.0-52.0).

Table 1. Patient characteristics.

Variable
Age (years) 72 (20-87)
Male/female 99/56
BMI (kg/m?) 22.7 (15.8-43.4)
Body fat percentage (%) 27.3 (3.0-54.0)
SMI (kg/m?) 6.8 (4.4-9.1)
Diabetes mellitus 55 (35.5%)
ALB (g/dL) 4.0 (24-5.2)
PNI 47 (30-59)
CONUT score 2 (0-9)
Gait speed (m/s) 1.19 (0.52-1.63)
Mean grip strength (kg) 27.7 (13.0-52.0)

Data expressed as median (range) or number of patients (percentage), as appropriate. Abbreviations: ALB,
albumin; BMI: body mass index; SMI: skeletal muscle index; PNI: prognostic nutritional index; CONUT:

controlling nutritional status.
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Using the AWGS criteria, the 155 patients were divided into two groups according to SMI, with
68 (43.9%) and 87 (56.1%) patients stratified into the S and NS groups, respectively.

3.2. Comparison of Preoperative Statuses in the S and NS Groups

The preoperative conditions of the patients in the two groups are shown in Table 2. There was
no significant difference in age between the groups. Patients in the S group had significantly lower
BMI, body fat percentage, serum ALB, and mean grip strength compared with the NS group. The
incidence of diabetes mellitus and the CONUT score were both significantly higher in the S group
than in the NS group. PNI tended to be lower in the S group, suggesting poorer nutritional status,
but the difference was not significant. Regarding motor function, the mean grip strength was
significantly lower in the S group than in the NS group. Gait speed tended to be slower in the S group,
suggesting poorer mobility status, but the difference was not significant. The surgical procedures
performed in each patient are shown in Figure 1. There was no significant difference between the
groups in terms of surgical procedures.

Table 2. Preoperative clinical features in the two groups.

Variable S Group (n = 68) NS Group (n = 87) P Value
Age (years) 73 (20-86) 72 (31-87) 0.15
Male/female 44/24 55/32 0.85
BMI (kg/m?) 21.3 (15.8-28.4) 24.1 (17.6-43.4) <0.05
Body fat percentage (%) 26.9 (9.0- 0.4) 27.6 (3.0-54.0) <0.05
Diabetes mellitus 31 (45.6%) 24 (27.6%) <0.05
ALB (g/dL) 3.8(2.4-5.2) 4.0 (2.7-4.6) <0.05
PNI 45 (30-59) 48 (34-57) 0.06
CONUT score 2 (0-9) 2 (0-6) <0.05
Gait speed (m/s) 2 (0-9) 1.26 (0.52-1.53) 0.06
Mean grip strength (kg) 25.9 (13.0-38.5) 31.4 (15.9-52.0) <0.05

Data expressed as median (range) or number of patients (percentage) as appropriate. Abbreviations: S,
sarcopenia; NS, non-sarcopenia; BMI: body mass index; ALB: albumin; PNI: prognostic nutritional index;

CONUT: controlling nutritional status. Bold type indicates significant P-values.

S group (n = 68) NS group (n = 87)

TP BDR TP
DP o 1 Hepatectomy D
8 30

4 Hepatectomy

15’“ »
i

Figure 1. Comparison of surgical procedures performed in the two groups. Data expressed as number of

patients  (percentage), as appropriate. Abbreviations: HPD: hepato-pancreatoduodenectomy; PD:
pancreatoduodenectomy; DP: distal pancreatomy (to treat pancreatic cancer); TP: total pancreatectomy; BDR:

bile duct resection (for congenital biliary dilatation); S: sarcopenia group; NS: non-sarcopenia group.
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3.3. Comparison of Postoperative Statuses in the S and NS Groups

The postoperative conditions of the patients in the two groups are summarized in Table 3. There
were no significant differences between the two groups in the incidence of total postoperative
complications, CD grade > Illa complications, incidence of refractory ascites and PE, postoperative
hospital stay, and perioperative mortality. There was no significant difference in serum ALB
concentrations at discharge between the two groups. Gait speed and mean grip strength at discharge
were significantly lower in the S group than in the NS group.

Table 3. Postoperative clinical features in the two groups.

Variable S Group (n = 68) NS Group (n = 87) P Value
Postoperative complications 19 (27.9%) 22 (25.3%) 0.71
CD grade > Ila complications 15 (22.1%) 12 (13.8%) 0.18
Refractory ascites and PE 2 (2.9%) 1(1.1%) 0.42
Postoperative hospital stay (days) 21 (8-108) 20 (7-156) 0.38
3-month mortality 1(1.5%) 0 0.26
ALB at discharge (g/dL) 3.3(1.9-4.2) 3.3 (2.2-4.0) 0.55
Gait speed at discharge (m/s) 1.12 (0.69-1.40) 1.25 (0.53-1.54) <0.05
Mean grip strength at discharge (kg) 19.7 (8.5-32.3) 26.3 (16.2-47.1) <0.05

Data expressed as median (range) or number of patients (percentage) as appropriate. Abbreviations, S,
sarcopenia; NS, non-sarcopenia; CD: Clavien-Dindo; PE: pleural effusion; ALB: albumin. Bold type indicates

significant P-values.

3.4. Perioperative Changes in serum ALB Levels and Motor Function parameters in the Two Groups

We also evaluated the changes in perioperative serum ALB levels and motor functions between
the two groups. The perioperative rates of change in serum ALB levels and SMI were significantly
higher in the NS group than in the S group (Figure 2), while the perioperative rates of change for gait
speed and mean grip strength were significantly higher in the S group than in the NS group.

A ALB =5 group B SMI ——5 group
45 =i=N5 group 75 NS group
_ 73
71
10 6.9 ]
[ i 6.7
15 65
i 6.3
i 6.1
0 z 59 *\f
57
25 55
(g/dL) Pre Post (kg/m?) Pre Past
o Gait speed =5 group D Mean grip strength  =#=Seroup
=i=N5 group =8NS group

1.25 = 33.0

“\i 310
1.20 = -
1 29.0

115 ' eI
. ) 250
110 230

210

19.0 |

1.00 17.0
(m/s) Pre Past (kg) Pre Past

Figure 2. Perioperative changes in parameters in the two groups. Perioperative changes in each parameter were

plotted for S and NS groups: (a) albumin; (b) skeletal muscle index; (c) gait speed; (d) mean grip strength. All
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data presented as mean + standard deviation. *P < 0.05 (repeated measures ANOVA and Dunnett’s test).

Abbreviations: ALB: albumin; SMI: skeletal muscle index; S; sarcopenia group; NS: non-sarcopenia group.

4. Discussion

The present study demonstrated the effectiveness of perioperative rehabilitation in patients with
sarcopenia undergoing major HBP surgery. Previous studies have shown that patients with
sarcopenia undergoing HBP surgery have more complications and a worse prognosis than those
without sarcopenia [4-6]. In addition, preoperative nutritional therapy and prehabilitation are
considered important countermeasures; however, the role of exercise therapy, especially
postoperative rehabilitation, in improving perioperative outcomes remains unclear.

The current results showed that 43.9% of patients who underwent major HBP surgery in our
institution had sarcopenia, and these patients had a higher rate of diabetes mellitus, lower BMI,
poorer nutritional status, and poorer mobility than those without sarcopenia. Patients with and
without sarcopenia underwent the same surgical procedures, and there was no significant difference
in the incidence of perioperative complications, including refractory ascites and PE, perioperative
mortality, or hospital stay, although postoperative motor function was predominantly impaired in
the sarcopenia group. Regarding changes in serum ALB, SMI, and motor function, serum ALB and
SMI were significantly lower in the non-sarcopenia group, while motor function was significantly
lower in the sarcopenia group. These results suggest that perioperative rehabilitation suppressed the
postoperative decline in serum ALB and SMI in the sarcopenia group, with low nutritional status and
motor function, resulting in reductions in perioperative complications, mortality, and hospital stay,
to the same extent as in the non-sarcopenia group. Additional nutritional therapy and improved
rehabilitation methods may also be necessary to improve motor function, and further investigations
are therefore required.

Skeletal muscle accounts for approximately 20% of basal metabolism and approximately 45% of
total daily energy expenditure. Peroxisome proliferator activated receptor coactivator 1 alpha, which
is expressed in skeletal muscle with exercise, induces or inhibits various myokines and has been
reported to improve depression, increase appetite, inhibit tumor growth, and prevent skeletal muscle
atrophy in cachexia [12-15]. Once skeletal muscle mass is reduced, the combination of decreased
appetite, decreased food intake, and decreased physical activity leads to a vicious cycle of further
reductions in body weight and skeletal muscle mass, resulting in a rapidly decreasing quality of life.
Perioperative rehabilitation is therefore considered an important process to maintain skeletal muscle.

Perioperative rehabilitation has been reported to contribute to the reduction of postoperative
complications in all areas of gastrointestinal surgery [16], although most studies have focused on the
effects of preoperative rehabilitation [17]. Although the present study mostly considered
postoperative rehabilitation, the postoperative course of the higher-risk sarcopenia group was not
inferior to that of the non-sarcopenia group, suggesting that postoperative rehabilitation alone can
contribute to an improved postoperative course.

This study focused on the short-term postoperative benefits of perioperative rehabilitation;
however, there were some limitations when considering the long-term results. First, whether
perioperative rehabilitation contributes to an improved disease prognosis is an important question.
Second, it will also be interesting to determine if additional nutritional management can further
improve the disease course, as shown in other studies [18-21]. Third, the appropriate intensity of
rehabilitation used in our department also needs to be examined by follow-up SMI examinations.

5. Conclusions

Perioperative rehabilitation may help to reduce postoperative complications in patients
undergoing major HBP surgery. The postoperative course of patients with sarcopenia undergoing
HBP surgery with perioperative rehabilitation was not inferior to that of patients without sarcopenia.
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Perioperative rehabilitation is thus considered useful for avoiding serious postoperative
complications and long-term hospitalization in patients with sarcopenia after major HBP surgery.
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The following abbreviations are used in this manuscript:

ALB albumin

AWGS Asian Working Group for Sarcopenia
BMI body mass index

CD Clavien-Dindo

CONUT controlling nutritional status

HBP hepato-biliary-pancreatic

JSHBPS Japanese Society of Hepato-Biliary-Pancreatic Surgery
NS non-sarcopenia group

PE pleural effusion

PNI prognostic nutritional index

S sarcopenia group

SMI skeletal muscle index

TLC total lymphocyte count
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