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Abstract. Recently, accelerometers measuring physical
activity level have been available to the public. In the present
study, it was examined whether the accelerometer could
evaluate postoperative outcomes for 12 patients subjected to
hepatic resection from August-November 2016. The associa-
tion was evaluated between the changing pattern of activity
level until the postoperative day (POD) 7 and the occurrence
of postoperative complications. The median age of patients
was 79 years (range, 58-85). Postoperative complications
were identified in 6 patients. The activity level in patients with
complications was low from POD 1 and was significantly
lower than patients without complications following POD 6.
The changing pattern of activity level with all included patients
could be divided into the following 3 types: Increase type,
bell curve type and flat type. Patients without complications
exhibited an accelerated increase of postoperative activity
level, categorized as increase type. Bell curve type and flat
type demonstrated delay of recovery in postoperative activity
levels, and were suggested to be associated with the occur-
rence of postoperative complications. These findings may
provide rationale for larger sample studies to evaluate whether
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physical activity level measured via accelerometer may be a
surrogate marker for postoperative complications.

Introduction

The population growth in senior citizens is a serious
problem worldwide. Accordingly, the increase in preva-
lence of hepatic resection is associated with the increasing
expectation of surgery for elderly patients (>65 years) (1).
A number of reports have demonstrated that hepatic resec-
tion is acceptable for elderly patients, as the prognosis and
complications of elderly patients following hepatic resection
are similar to those of young patients (2-5). Conversely, a
number of reports have demonstrated that the complications
rate of elderly patients was higher than those of younger
patients due to elderly patients' fragility (6-8). Therefore, it
appeared to be insufficient to evaluate the risk and indica-
tion of surgical intervention by only age. Once postoperative
complications occur, high medical expenses are required due
to prolongation of the hospitalization period and increased
use of drugs. Therefore, prevention and prediction of postop-
erative complications are an important issue for the elderly
population receiving surgical treatments. American Society
of Anesthesiologists (ASA) classification, Physical Status
Classification System and Eastern Cooperative Oncology
Group (ECOG) performance status are useful predic-
tors for evaluating the state of activity in patients prior to
surgery (9-13). However, both systems include subjective
factors scored by estimation; therefore, their accuracy and
objectivity are unclear.

The accelerometer activity meter has received attention
from the general public since its release in 2010 in developed
countries regarding its potential applications in health care
and in rehabilitation (14). The accelerometer is a device that
contains an acceleration sensor, making it possible to measure
calorie consumption while wearing and has been available
to the general public in recent years. An accelerometer has
a distinct difference from a pedometer in that not only the
walking distance but also the exercise intensity such as sitting
time, deskwork time, stair climbing time and bicycle riding
time are measured. Additionally, modern activity meters can
also measure sleeping time and heart rate.
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The association between physical activity and obesity has
been evaluated in the field of rehabilitation (15,16). In addi-
tion, a number of reports have demonstrated the association
between activity level and cardiovascular disease (17,18).
Furthermore, physical activity measured by accelerometer
was associated with postoperative outcome, such as duration
of hospitalization and postoperative complications, in cardio-
vascular or orthopedic surgery (19,20). However, in abdominal
surgery, there has been no report of the association between
complications and physical activity via accelerometer.

As a novel predictor of postoperative complications, the
present findings suggested that postoperative physical activity
level measured by accelerometer is useful for prediction of
postoperative complications. In the present study, an acceler-
ometer was used by patients receiving hepatic resection during
the postoperative period, and the association between physical
activity level and postoperative complications was examined.

Patients and methods

Patients. Between August and November 2016, 13 patients
(age range; 58-85 years; males, 10 and females, 3) received
hepatic resection at Shiga University of Medical Science
(SUMS) Hospital (Otsu, Japan). All patients with hepatic
resection began a postoperative diet from postoperative day
(POD) 1, and if patients were able to eat >half of the diet
served in POD 3, infusion via intravenous feeding was ended.
If it was less than half amount, infusion was continued. A total
of 1 g cefazolin sodium as an antibiotic was administered only
on the day of surgery every 4 h during the operation, and it
was administered every 8 h following surgery. In cases where
infectious complications occurred postoperatively, the anti-
biotics were re-administered based on the results of various
cultures.

Postoperative rehabilitation with the physical therapist
in SUMS Hospital was provided every day from POD 1 for
all patients who underwent abdominal surgery. A total of
12 patients wore the accelerometer to evaluate postoperative
physical activities. One patient was excluded due to compli-
cated sepsis as a result of venous catheter infection and
received intensive managements from POD 1.

Accelerometer. Lifecorder™ (Suzuken Co., Ltd., Nagoya,
Japan) was used as the accelerometer to evaluate physical
activity. The Lifecorder™ contains an acceleration sensor
and can measure the basal metabolic rate, momentum,
number of walks and exercise intensity by inputting the
age, height and weight of the patient. This accelerometer
consists of an acceleration sensor that detects accelera-
tion, and a computer that calculates basal metabolic rate,
momentum and minute momentum. The momentum is
calculated by the acceleration index (exercise intensity)
divided into 10 levels by the acceleration sensor that recog-
nizes the amplitude and vibration frequency, multiplied by
the body weight. The minute momentum is calculated as
0.5 in 10 levels. All measurements are made every 4 sec,
and the most reliable value is recorded in the device every
2 min. Although division into 10 levels is unique to this
model, it has been confirmed that this is correlated with
metabolic equivalents (21).
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Methods. All enrolled patients wore the Lifecorder™ 24 h
daily on the waist from the time of hospitalization until
discharge. The activity level was calculated as total amount
of momentum and minute momentum per day excluded basal
metabolic rate that was expressed as kcal/day. Data from
the Lifecorder™ was analyzed using Lifelyzer 05 Coach™
analysis software (Suzuken Co., Ltd.).

Patient background, including age, gender, ASA clas-
sification (9-12), ECOG performance status (13), body mass
index, diabetes mellitus, background liver disease, albumin,
alanine aminotransferase, aspartate aminotransferase, bili-
rubin, platelet count, prothrombin activity, white blood cell
count, C-reactive protein and indocyanine green retention rate
at 15 min; and operative factors, including primary disease,
tumor size, tumor number, operation approach, operation
method, number of resection, operation time and bleeding; the
degree of physical activity from POD 1 to POD 7; postopera-
tive course and complications were monitored. Postoperative
complications were defined according to Clavien-Dindo clas-
sification grade II or higher (22). The post-hepatectomy liver
failure (PHLF) was defined according to the definition of the
International Study Group of Liver Surgery (ISGLS) (23). The
grade A of PHLF was defined as no postoperative complica-
tion, because it does not affect the postoperative course. The
surgical site infection (SSI) was defined by Centre for Disease
Control and Prevention guidelines (24).

Statistical analysis. Continuous variables were expressed as
the mean + standard error of the mean. The degree of physical
activity up to the POD 7 was figured and compared for each
day with or without complications. Mann-Whitney U analysis
was used for the comparison, and P<0.05 was considered to
indicate a statistically significant difference. All statistical
analyses were performed with SPSS Statistics 24 (IBM Corp.,
Armonk, NY, USA).

Results

Patient background. Table I presents patient characteristics,
operative factors and postoperative course between patients
with and without complications. The median patients' age
was 75 and 79 years in the no complication and complication
groups, respectively. The primary diseases were 3 patients
with hepatocellular carcinoma (HCC) and 3 patients with
liver metastasis in the no complication group, and 5 patients
with HCC and 1 patient with liver metastasis in the complica-
tion group. In the no complication group, there was 1 patient
positive for hepatitis C (HCV); in contrast, there were 5 HCV
patients in the complication group. The median albumin
levels were 3.8 and 4.1 g/dl in no complication and compli-
cation patients, respectively. The prothrombin activity level
was 102% in no complication patients and 92% in complica-
tion patients (P=0.05). The alanine aminotransferase level
in no complication patients (23 U/l) was significantly lower
than in complication patients (52 U/I; P=0.04). A total of
3 patients were subjected to partial resection and 3 patients
were subjected to anatomical resection in no complication
patients, and 4 patients were subjected to partial resection
and 2 patients were subjected to anatomical resection in
complication patients. The ASA classification and ECOG
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Table I. Clinical characteristics of the study patients.
Characteristics Patients without complication (n=6) Patients with complication (n=6) P-value
Age (years) 75 (58-81) 80 (74-85) 0.09
Gender
Female 2 (33.3) 1(16.7) >0.99
Male 4 (66.7) 5(83.3)
ASA classification
1 6 (100.0) 4(66.7) 0.45
2 0(0.0) 2(33.3)
ECOG performance status
0 4 (66.7) 2 (33.3) 0.74
1 2 (33.3) 2(33.3)
2 0(0.0) 1 (16.7)
3 0(0.0) 1(16.7)
BMI (kg/m?) 20.64 (17.85-27.39) 20.98 (18.03-25.10) >0.99
Diabetes mellitus 2(33.3) 1(16.7) >0.99
Background liver disease
HCV 1(16.7) 5(83.3) 0.08
NBNC 5(83.3) 1(16.7)
Albumin (g/dl) 3.8 (3.4-4.6) 4.1 (2.1-4.2) 0.62
ALT (U/1) 16 (9-26) 28 (16-83) 0.07
AST (U/) 23 (17-29) 52 (17-79) 0.04
Bilirubin (mg/dl) 0.6 (0.3-1.2) 0.5(0.3-1.1) 0.63
Platelet count (x10%/ul) 185 (110-224) 128 (58-298) 0.22
Prothrombin activity (%) 102 (86-120) 92 (64-99) 0.05
White blood count (x10%/ul) 5.1 (4.0-7.7) 4.2 (3.3-6.9) 0.19
CRP (mg/dl) 0.20 (0.01-0.82) 0.04 (0.03-0.66) 0.63
ICGR15 9.4 (3.0-21.6) 13.5 (4.9-440) 0.36
Primary disease
Liver metastasis 3(50.0) 1(16.7) 0.54
HCC 3(50.0) 5(83.3)
Tumor size (cm) 2.4 (1.0-3.5) 2.7(2.5-5.0) 0.25
Tumor number
Single 5(83.3) 4(66.7) >0.99
Multiple 1(16.7) 2(33.3)
Operation approach
Open 2 (33.3) 3(50.0) >0.99
Laparoscopic 4 (66.7) 3(50.0)
Operation method
Partial resection 3(50.0) 4(66.7) >0.99
Anatomical resection 3(50.0) 2(33.3)
Number of resection
Initial resection 5(83.3) 5(83.3) >0.99
Repeated resection 1(16.7) 1(16.7)
Operation time (min) 212 (86-313) 241 (95-279) >0.99
Bleeding (ml) 10 (10-390) 292 (10-1,022) 0.06
PHLF
A 1(16.7) 0(0.0) >0.99
B 0(0.0) 1 (16.7)
Negative 5(83.3) 5(83.3)
SSI
Positive (organ/space) 0(0.0) 1(16.7) >0.99
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Table I. Continued.
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Characteristics Patients without complication (n=6) Patients with complication (n=6) P-value
Negative 6 (100.0) 5(83.3)
Complication
Pneumonia 0 2(33.3)
Refractory pleural effusion 0 1(16.7)
Abscess formation 0 1(16.7)
Abdominal bleeding 0 1(16.7)
Portal thrombus 0 1(16.7)
Hospital stay (days) 8 (7-12) 15 (12-50) <0.01

Data are presented as n (%) or median (range). ASA classification, American Society of Anesthesiologists Physical Status classification system;
ECOG performance status, Eastern Cooperative Oncology Group performance status; BMI, body mass index; HCV, positive of hepatitis C
antibody; NBNC, negative of hepatitis B surface antigen and hepatitis C antibody; ALT, aspartate aminotransferase; AST, alanine aminotrans-
ferase; CRP, C-reactive protein; ICGR15, indocyanine green retention rate at 15 min; HCC, hepatocellular carcinoma; PHLF, post-hepatectomy

liver failure; SSI, surgical site infection.

performance status are indicators of general condition. All
of the no complication patients and 4 complication patients
were categorized as class 1 using the ASA classification, and
2 complication patients were class 2. A total of 4 and 2 no
complication patients were score O and 1 in ECOG perfor-
mance status, respectively. In contrast, complication patients
included 1 patient with score 2 and 1 patient with score 3.
However, there was no statistically significant difference
between the two groups.

Complications. Complications occurred in 6 patients
with refractory pleural effusion, intra-abdominal abscess,
intra-abdominal bleeding which required blood transfusion
without invasive treatment and portal thrombus each occur-
ring in 1 patient, and 2 patients developing pneumonia. The
SSI of organ/space occurred in 1 patient with complication and
PHLF occurred in 1 no complication patient with Grade A and
1 complication patient of Grade B. The median postoperative
hospital stay was 8 and 15 days in no complication and compli-
cation patients, respectively (P<0.01).

Physical activity level. All 12 patients had their physical
activity measured by accelerometer. Fig. 1 presents a transitive
graph of activity level in patients with and without complica-
tions. Patients with complications exhibited lower physical
activities from POD 1 than patients without complications;
however, there was no statistically significant difference in
the physical activity level between the 2 groups until POD 5.
The physical activity level continuously accelerated in patients
without complication following POD 6. Conversely, patients
with complication did not exhibit increased physical activity
levels following POD 6. Significant differences were observed
in physical activity level following POD 6 between patients
with and without complications (P<0.01).

Types of physical activity change. Details of individual activity
level are presented in Fig. 2. The alterations in patients' physical
activity level were divided into 3 types: Increased type, bell
curve type and flat type. The increased type included 6 patients

of normal postoperative course and 1 patient with postopera-
tive abdominal bleeding at POD 1 (Fig. 2A). The bell curve
type included 2 patients with postoperative complications who
had intra-abdominal abscess at POD 5 and refractory pleural
effusion at POD 4 (Fig. 2B). The flat type included 2 patients
with pneumonia and 1 patient with portal thrombus at POD 5
(Fig. 20C).

Discussion

Acceleration sensors automatically detect a patient's number
of steps, moving distance, burned calories, activity time and
sleep time. Certain accelerometers can distinguish the type
of exercise (including slow walking, fast walking, running,
desk work and bicycle). In the present study, patients without
complications demonstrated that the physical activity level
gradually increased and quadratic functional increase was
observed until discharge, whereas patients with complica-
tions demonstrated that the physical activity level was gently
decreased in the postoperative course.

The aim of the present study was to evaluate the usefulness
of the accelerometer to predict postoperative complications
following hepatic resection. Although the present study was
preliminary in nature, the change in postoperative physical
activity level following POD 6 demonstrated significant differ-
ence depending on the presence or absence of complications.
The occurrence of postoperative complications observed
prior to POD 5 might lead to the decreased physical activity
level; therefore, these findings failed to elucidate whether
postoperative physical activity level measured by acceler-
ometer might predict postoperative complications. However,
3 representative types of postoperative physical activity
changes were proposed by the occurrence of postoperative
course recorded by accelerometer as a surrogate marker for
postoperative complications.

These 3 types of postoperative physical activity change
were as follows: i) increased type, where a continuous eleva-
tion of physical activity level which may include patients
without complication; ii) bell curve type, where the physical
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Figure 1. Change of physical activity following operation with or without complications. The vertical axis indicates the degree of physical activity per day and
the horizontal axis the number of days following surgery. POD, postoperative day; SE, standard error of the mean.
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Figure 2. The 3 types of physical activity change following hepatic resection. All included patients were categorized into 1 of the following 3 types: (A) Increased
type, (B) bell curve type and (C) flat type. The graphs present all included patients' physical activity changes and postoperative complications. Arrows indicate

the day on which the complication occurred. POD, postoperative day,

activity level decreases in the middle period of postoperative
course, which may include postoperative complications such
as abdominal abscess, bile leak, SSI or effusion. In this type,
the physical activities decreased following the occurrence of
complications. The occurrence of complications may influence

the reduction in physical activities. Therefore, if the amount of
physical activity suddenly decreases, complications should be
treated as soon as possible and iii) flat type, where low physical
activity level continues following surgery. The flat type may
include respiratory complications, especially pneumonia. In
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this type, the physical activities are never elevated during the
observational period.

Although it is not yet clear due to the small number of
patients, the occurrence of pneumonia may be associated with
low degree of physical activity in the early postoperative period.
Therefore, prevention of pneumonia appeared to require early
upregulation of activity level following surgery (25,26).

The limitations of the present study were the small
sample size, use of a single center and including some
young patients. However, it was demonstrated that the post-
operative physical activity level may be a surrogate marker
for postoperative complications. This provides rationale
for larger sample studies by measuring the postoperative
physical activity level. As a future prospect, via a large size
study, it may be possible to conduct prediction and preven-
tion of complications depending on the changing pattern
of the degree of postoperative physical activity, and it may
be possible to determine the schedule of quantity, intensity
and time of postoperative rehabilitation to tailor patient
management. In addition, it may be possible to demonstrate
whether daily and postoperative activity levels lead to
differences between young and elderly patients, and whether
the influence of the physical activity levels on postoperative
complications differs depending on patient's age via larger
sample studies.

Furthermore, it is generally considered that a greater
amount of daily physical activity reduces the likelihood of
postoperative complications. Previously, a number of reports
have demonstrated that a few weeks of a cardiopulmonary
rehabilitation program prior to surgery reduces postoperative
complications (27-29), and a randomized controlled trial is
currently ongoing (30). Therefore, it is important to elucidate
the association between the degree of daily physical activity
prior to operation and postoperative complications. The
authors are currently preparing validation of the prediction of
complications depending on the changing pattern of postop-
erative physical activity. In addition, a further study is planned
to clarify the association between preoperative physical
activity and postoperative complications with a larger number
of patients.

In conclusion, the degree of postoperative physical activity
measured using an accelerometer may be strongly associ-
ated with the postoperative complications following hepatic
resection. These findings provide rationale for future studies
to evaluate the association between postoperative physical
activity levels using an accelerometer and postoperative
complications using a larger sample size.
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