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Abstract
Background
This research aimed to determine whether patterns of temporal changes in

activity levels can indicate postoperative complications following hepatectomy.

Methods

Between December 2016 and December 2019, 147 patients wore an
accelerometer to measure their physical activity levels after hepatectomy until
postoperative day 7. Patterns of changes in activity levels were categorized as
follows: upward slope type (n=88), wherein activity levels gradually increased;
bell curve type (n=13), wherein activity levels initially increased but subsequently
decreased; and flat type (n=46), wherein there was no apparent increase in
activity levels. Patient characteristics and postoperative complications were

compared for each group.

Results

Postoperative complications occurred in 4.5% of patients in the upward slope
group, in 76.9% in the bell curve group, and in 65.2% in the flat group (p<0.001).
Surgical site infections (SSI), refractory pleural effusion, and ascites were more

common in the bell curve group, while pneumonia was only observed in the flat

group.

Discussion



SSI, pleural effusion, and ascites should be considered when previously
increasing activity levels decline during the postoperative period. In addition,
there is a high risk of SSI and pneumonia when activity levels do not increase at

all after surgery.



Introduction

In recent years, populations of developed countries have been aging,
and increasing numbers of older patients have been undergoing surgeries such
as hepatectomy. Several reports have compared postoperative complication
rates after hepatectomy between older patients and younger patients. The rates
of postoperative complications after hepatic resection have been shown to be
similar in the two age groups’-3. However, there have been reports that older
patients tend to develop more serious complications than younger patients*~.
When postoperative complications occur, older patients have a higher risk of
severe consequences due to their increased fragility. It has been concluded that
hepatectomy can be performed safely in carefully selected older patients® 8.
However, postoperative complications result in increases in the duration of
hospitalization, use of medications, and medical expenses. In addition,
postoperative complications can lead to loss of independence in older patients
after discharge®. Therefore, it is crucial to prevent and predict postoperative
complications in older patients after hepatectomy.

Classification systems for preoperative predictors of postoperative
complications include the American Society of Anesthesiologists (ASA) physical
status classification system and the Eastern Cooperative Oncology Group
performance status scale'®-'4. However, these consider only subjective factors,
making their accuracy and objectivity uncertain. In contrast, objective measures
such as frequent blood tests and radiological imaging are useful for the early
detection of post-hepatectomy complications. However, repeatedly performing
these tests can place a huge burden on patients. Therefore, it is desirable to
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develop an objective predictor of postoperative complications that lessens the
burden on patients.

To this end, this study investigated the use of accelerometers for the
prediction of postoperative complications. Accelerometers contain acceleration
sensors that can measure activity parameters, including distance walked,
duration of sitting and lying, and stair ascent and descent. Calorie consumption
can be calculated precisely by measuring exercise intensities'. Thus, a pilot
study was conducted in which patients wore accelerometers after hepatectomy.
The association between patterns of changing physical activity levels and
postoperative complications was investigated'®. The findings of the pilot study
indicated that patterns of temporal changes in activity levels following
hepatectomy could be divided into 3 distinct types: upward slope type, bell curve
type, and flat type; it was concluded that accelerometers might be useful in
predicting postoperative complications. Therefore, the aim of this research was

to verify the findings of the pilot study.

Patients and methods
Patients

This prospective observational study involved patients who underwent
hepatectomy between December 2016 and December 2019 at Shiga University
of Medical Science Hospital. Patients who underwent combined resection of
other organs, continued intubation for respiratory management after surgery, or
had difficulty wearing an accelerometer due to dementia were excluded. The 147
enrolled patients had their physical activity levels continuously measured, 24
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hours a day, from postoperative day (POD) 1 to POD 7, and these data were then

analyzed.

Accelerometry

The MTN/220 accelerometer (ACOS Co., Ltd., Nagano, Japan) was
used to monitor physical activity. The accelerometer consisted of a three-
dimensional acceleration sensor and a computer that calculated basal metabolic
rate, momentum, moment of momentum, number of steps, and exercise intensity
based on the age, height, and weight of the wearer. Momentum was calculated
using a 64-level acceleration index of exercise intensity, based on the amplitude
and vibration frequency data from the acceleration sensor, multiplied by body
weight. All measurements were made continuously, and the most reliable value
was recorded in the device every 2 minutes. Data were extracted from the
accelerometer through a near-field communication interface (PaSoRi RC-S380;
Sony Co., Ltd., Tokyo, Japan) using SleepSign Act software (Kissei Comtec Co.,

Ltd., Nagano, Japan)'” '8,

Evaluation

All patients wore the accelerometer on their waist continuously from
POD 1 to POD 7. Data automatically recorded in the device were analyzed. The
amount of daily physical activity was calculated as total energy expenditure per
day, excluding basal metabolic rate. Postoperative rehabilitation for all patients
was started from POD 1. Before starting this study, we consulted with the physical
therapists to ensure that the intensity of rehabilitation between patients would not
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be biased. Bedside rehabilitation was performed on POD 1, and walking training
was conducted in the hospital ward on POD 2. From POD 3, if the blood pressure,
heart rate, and body temperature were normal, the patients moved to the
rehabilitation room and performed walking training. Based on 6 minutes of
walking training, the dose was increased or decreased according to the patient’s
condition. Patients were categorized into three groups according to patterns of
changes in their activity levels: (1) upward slope type (n = 88), wherein activity
level gradually increased; (2) bell curve type (n = 13), wherein activity level initially
increased but subsequently decreased; and (3) flat type (n = 46), wherein there
was no apparent increase in activity level®.

Patient characteristics, including age, gender, body mass index (BMI),
diabetes mellitus (DM), history of alcohol abuse, etiology, cardiovascular disease,
and primary disease, were compared among the three groups. Blood test results,
including albumin level, alanine aminotransferase (ALT) level, aspartate
aminotransferase (AST) level, total bilirubin level, prothrombin activity, platelet
count, indocyanine green retention rate at 15 minutes (ICGR15), white blood
count (WBC), and C-reactive protein (CRP) levels, were also compared. Surgical
factors, including the surgical method (laparoscopic or open), extent of resection
(anatomical or partial), repeat hepatectomy, blood loss, and operative time, were
also compared. Finally, postoperative complications, including surgical site
infection (SSI), post-hepatectomy liver failure (PHLF), and bile leakage, were
compared. Other postoperative complications were defined based on the
Clavien-Dindo classification and were included if they were classified as Grade |l
or higher'. In the case of PHLF, complications were included if they were
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classified as International Study Group of Liver Surgery Grade B or higher?° since
Grade A PHLF does not affect the postoperative course. For diagnosis of SSI,
the Center for Disease Control and Prevention guidelines were used?! 22,
Refractory pleural effusion or ascites was included as a postoperative

complication only if puncture drainage was necessary.

Statistical analysis

Patient age and BMI are presented as means + standard deviations.
Other continuous variables are expressed as medians and interquartile ranges.
For comparisons between the 3 groups, continuous variables were analyzed
using a one-way ANOVA or Kruskal-Wallis test, while nominal variables were
analyzed using a chi-square test or Fisher’s exact test. The significance level was
set at p < 0.05. All statistical analyses were performed using R statistical software,
version 4.0.2. (The R Foundation for Statistical Computing, Vienna, Austria;

https://cran.r-project.org/bin/macosx/).

Results

Mean patient ages were similar in the three groups. There were also no
significant differences in gender, DM, history of alcohol abuse, cardiovascular
disease, or primary disease. However, patients in the bell curve group had
significantly lower BMI (p = 0.03), and a significant proportion had hepatitis C viral
infections (p = 0.03). Regarding preoperative blood tests, there were no
significant differences in albumin level, AST level, ALT level, total bilirubin level,
prothrombin activity, platelet count, ICGR15, WBC, or CRP level. Regarding
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surgical factors, 67.0% of patients in the upward slope group had undergone
laparoscopic hepatectomy, compared with 30.8% of patients in the bell curve
group and 50.0% of patients in the flat group (p = 0.02). Further, the upward slope
group included significantly more cases of partial hepatectomy (p = 0.001).
Patients in the upward slope group also had significantly shorter operative times
and less blood loss (p < 0.001 for both). However, the proportion of patients who
underwent repeat hepatectomy was similar among the 3 groups (Table 1).
Figure 1 presents changes in physical activity levels for each group from
POD 1 to POD 7. In the upward slope group, a continuous increase in activity
levels was observed until POD 7. In the bell curve group, activity levels displayed
an initial increase, followed by a gentle decline from POD 5. In contrast, in the flat
group, no increase in activity levels could be observed by POD 7 (Figure 1).
Postoperative complications (Clavien-Dindo classification Grade Il or
higher) developed in 4.5% of patients in the upward slope group, 76.9% in the
bell curve group, and 65.2% in the flat group (p < 0.001). Rates of SSI were
30.8% in the bell curve group and 23.9% in the flat group, while no SSI occurred
in the upward slope group. In addition, 1.1% of patients in the upward slope group,
15.4% in the bell curve group, and 19.6% in the flat group had Grade B or C
PHLF (p = 0.005). There were no cases of bile leakage in the upward slope group,
but 7.7% of patients in the bell curve type and 13.0% in the flat type developed
this complication (p = 0.003). Furthermore, no patients in the upward slope group
developed infectious complications, and patients in this group had a significantly

shorter hospitalization period (Table 2).



Table 3 displays details of the patients’ postoperative complications. Of
the 88 patients who displayed upward slope patterns of activity levels, 4
developed postoperative complications: 2 cases of postoperative thrombosis, 1
case of postoperative ileus, and 1 case of Grade B PHLF. No infectious
complications were observed in this group. Of the 13 patients who displayed bell
curve patterns of activity levels, 10 developed postoperative complications,
including 5 cases of refractory pleural effusion or ascites that required puncture
drainage, which was the most common complication in this group. Another 3
patients developed organ or space SSI. There was also 1 case of postoperative
bile duct strictures; re-operation was performed, but the patient died of Grade C
PHLF. Of the 46 patients who displayed flat patterns of activity levels, 30
developed postoperative complications, including 10 cases of organ or space SSI.
There were also 4 patients who developed pneumonia, with this complication only
being observed in patients in the flat group. Various complications, including
thrombosis, bleeding, ileus, refractory pleural effusion or ascites, and delirium,
were observed in patients in the flat group (Table 3).

Figure 2 displays individual patterns of activity levels and dates of
detection of postoperative complications for the 10 patients in the bell curve group
who developed postoperative complications. In all cases, complications were

detected after declines in physical activity levels were observed.

Discussion
In recent years, accelerometers have become popular due to the
growing health-conscious population. However, few reports involving these
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wearable devices have been published in the field of gastrointestinal surgery. In
fact, the authors of the current paper were the first to report an association
between physical activity levels and postoperative complications in the field of
gastrointestinal surgery'®. Following this, another study was published in 2020,
which examined the relationship between gastrointestinal surgery and
postoperative complications in 19 patients?3. The aim of the present study was to
verify the results of our previous pilot study. A total of 147 patients were included
in this research; this is the first study of accelerometers in the field of
gastrointestinal surgery to have such a large sample size.

Due to alterations in eating habits, developed countries are now
confronted with increased numbers of patients with metabolic syndrome, obesity,
DM, and hyperlipidemia®* 25. These countries have been seeking methods to
prevent the occurrence of these diseases since they carry a high risk of
cardiovascular disease®® 27, Many researchers have reported that daily physical
activity level is strongly associated with obesity, DM, and hyperlipidemia?®-30.
Since the 2000s, accelerometers have therefore become popular in preventive
medicine, and they have subsequently gained popularity in surgical fields. In
fields such as cardiovascular surgery, orthopedics, and bariatric surgery,
postoperative rehabilitation is compulsory. Thus, many studies of postoperative
physical activity levels have been conducted in cardiovascular surgery3! 32,
orthopedics surgery?3-%7, and bariatric surgery.

The current study found that only 4.5% of patients in the upward slope
group developed postoperative complications, and there were no cases of
infectious complications in this group. Complication rates in the bell curve group
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and the flat group were 76.9% and 65.2%, respectively. Of particular interest is
that characteristics of postoperative complications in the bell curve group were
distinct from those in the flat group. Common complications in the bell curve
group were refractory pleural effusion or ascites and organ or space SSI, while
organ or space SSI| and pneumonia were common in the flat group. The
proportion of postoperative complications that were organ or space SSI| were
similar in the bell curve group (3 cases of organ or space SSI out of 10
complications; 30%) and the flat group (10 out of 30 complications; 33%). This
indicates that, when organ or space SSI occurs, patients may display either a bell
curve pattern or a flat pattern of activity levels. In contrast, pneumonia was only
observed in patients who displayed a flat pattern. This suggests that prolonged
recumbency after surgery may be a risk factor for pneumonia. This is consistent
with a previous report that postoperative rehabilitation can lessen the occurrence
of pulmonary complications®. Further, refractory pleural effusion/ascites
frequently occurred in patients who displayed a bell curve pattern; the late-onset
decrease in activity levels seen in this group may have been caused by the
gradual accumulation of pleural fluid and development of ascites.

The primary aim of this study was to determine whether monitoring
patterns of temporal changes in physical activity levels is useful for the prediction
and early detection of postoperative complications. This study demonstrated that
when the physical activity level increases steadily over time (upward slope
pattern), the patient is highly unlikely to develop postoperative complications. In
contrast, a patient whose activity level does not increase after surgery (flat
pattern) may be at a higher risk of developing postoperative complications. While
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various kinds of complications may occur in patients with flat patterns of activity,
organ or space SSI| and pneumonia, especially, should be carefully considered.
In a patient whose activity level decreases after a temporary increase (bell curve
pattern), refractory pleural effusion or ascites and organ or space SSI| are
possibilities. These findings suggest that postoperative activity levels decrease
due to the occurrence of postoperative complications. This study examined all 10
cases of postoperative complications in patients with bell curve patterns and
compared the time when activity levels began to decrease with the time when
postoperative complications were detected. In all cases, activity levels began to
fall before complications were confirmed. This result suggests that the primary
physician was unaware of the onset of postoperative complications, leading to
the delay in diagnosis. Therefore, the occurrence of postoperative complications
should be suspected when a patient’s physical activity level decreases following
an initial postoperative increase. Complications can be detected during their early
stages by conducting blood tests and imaging tests as soon as possible after
suspicious changes in activity levels are observed. In the future, it is expected
that postoperative complications can be diagnosed, and timely treatment can be
started by monitoring the activity levels of individual patients in real time.
Although this study has the largest sample size of any study of
accelerometers in gastrointestinal surgery to date, its single-center design is a
limitation. Additionally, this study did not measure physical activity levels prior to
surgery. Some reports have demonstrated that preoperative rehabilitation is
useful for increasing physical activity levels. Therefore, measuring preoperative
and postoperative activity levels is recommended for future studies*-42, Currently,
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we provided accelerometers to preoperative outpatients to measure their daily
activity levels. In the future, we plan to investigate whether preoperative activity
levels correlate with postoperative activity levels and postoperative complication
rates. Another limitation is that physical activity levels were only recorded during
the first week after surgery. Although the average duration of hospitalization was
approximately 10 days, activity levels were only measured until POD 7. Thus,
associations between activity levels and postoperative complications that
developed after the first week were not analyzed. There is a need for further
studies that include a larger number of patients of a heterogeneous population
from multiple facilities in Japan and possibly from many countries and measure
activity levels from the preoperative stage until discharge.

In conclusion, monitoring patterns of temporal changes in physical
activity levels may be useful for the prediction and early detection of

postoperative complications after hepatectomy.
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Figure legends

Figure 1: Patterns of changes in physical activity levels from postoperative day

(POD) 1 to POD 7: (a.) upward slope type, (b.) bell curve type, (c.) flat type

Figure 2: Changes in physical activity and timings of complication detection in

10 patients with bell curve patterns of physical activity who developed

postoperative complications

A decrease in activity level is evident in all cases prior to the detection of

complications.
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Table 1: Comparison of background factors, laboratory findings, and surgical factors between patients
displaying different patterns of changes in postoperative physical activity levels

Upward slope Bell curve Flat val
(n = 88) (n =13) (n = 46) p-value
Age (years) 68.0 + 11.5 71991 70.2+10.4 0.345
Gender (n, %) Female 31(35.2) 2(15.4) 12 (26.1) 0.253
Male 57 (64.8) 11 (84.6) 34 (73.9)
Body mass index (kg/m?) 23.3+3.5 20.8+3.0 23.8+3.9 0.034
Diabetes mellitus (n, %) 26 (29.5) 5(38.5) 15 (32.6) 0.789
Alcohol abuse (n, %) 27 (30.7) 7 (53.8) 18 (39.1) 0.215
Etiology (n, %) HBV 5(5.7) 0(0.0) 1(2.2) 0.03
HCV 11 (12.5) 6 (46.2) 12 (26.1)
NBNC 72 (81.8) 7 (53.8) 33 (71.7)
Cardiovascular disease (n, %) 5(5.7) 1(7.7) 8(17.4) 0.088
Primary disease (n, %) HCC 46 (52.3) 8 (61.5) 30 (65.2) 0.298
Meta 28 (31.8) 2(15.4) 13 (28.3)
Other 14 (15.9) 3(23.1) 3 (6.5)
Albumin (g/dL) 4.0[3.6,4.2] 3.9[3.8,4.2] 3.9[3.5,4.1] 0.395
ALT (IU/L) 23 [15, 31] 21[16, 26] 3116, 47] 0.299
AST (IU/L) 26 [20, 42] 36 [23, 54] 32 [21, 50] 0.182
Total bilirubin (mg/dL) 0.68[0.51,0.89] 0.69[0.58,0.84] 0.57[0.47,0.83] 0.438
Prothrombin activity (%) 101 [91, 111] 93 [86, 109] 94 [86, 106] 0.193
Platelet count (x10%/uL) 161 [118, 214] 156 [127, 180] 155 [121, 222] 0.833
ICGR15 (%) 9.9[5.2,17.5] 12.8[7.1, 15.3] 12.1[8.4, 20.0] 0.292
White blood count (x10%/uL) 4.7[3.8, 5.5] 4.2[4.2,4.7] 4.8[4.2,6.6] 0.207
C-reactive protein (mg/dL) 0.12[0.06, 0.21] 0.10[0.04,0.28] 0.12[0.06, 0.41] 0.609
Laparoscopic hepatectomy (n, %) 59 (67.0) 4 (30.8) 23 (50.0) 0.017
Operative methods (n, %) Partial 63 (71.6) 4 (30.8) 21 (45.7) 0.001
Anatomical 25 (28.4) 9 (69.2) 25 (54.3)
Repeat hepatectomy (n, %) 26 (29.5) 4 (30.8) 13 (28.3) 0.98
Blood loss (mL) 99 [0, 300] 602 [322, 1022] 457 [121,790] < 0.001
Operative time (min) 210 [159, 271] 290 [259, 328] 279212, 347] <0.001

Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; NBNC, negative for hepatitis B and hepatitis
C virus; HCC, hepatocellular carcinoma; Meta, metastasis; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; ICGR15, indocyanine green retention rate at 15 minutes.

Age and body mass index are expressed as mean + standard deviation. Other data are expressed as median
with 25" and 75" percentiles.



Table 2: Comparison of postoperative complications between patients displaying different patterns of

changes in postoperative physical activity levels

Upward slope Bell curve Flat val
(n = 88) (n =13) (n=46) Pvaue
All complications (n, %) 4 (4.5) 10 (76.9) 30 (65.2) <0.001
Surgical site infection (n, %) 0(0.0) 4 (30.8) 11(23.9) <0.001
PHLF (n, %) Grade B 1(1.1) 1(7.7) 5(10.9) 0.005
Grade C 0 (0.0) 1(7.7) 4(8.7)
Bile leakage (n, %) 0 (0.0) 1(7.7) 6 (13.0) 0.003
Infectious complications (n, %) 0(0.0) 4 (30.8) 16 (34.8) < 0.001
Duration of hospitalization (days) 918, 12] 14 [11, 33] 12[10,22] <0.001

Abbreviations: PHLF, post-hepatectomy liver failure.

Duration of hospitalization (days) is expressed as median with 25" and 75" percentiles.



Table 3: Details of postoperative complication frequencies in groups of patients displaying different patterns
of changes in postoperative physical activity levels

Upward slope Bell curve Flat
(n =4/88, 4.5%) (n=10/13, 76.9%) (n =30/46, 65.2%)
Organ or space SSI
Thrombosis (n=2) Refractory pleural effusion or ascites (n=5) (including 6 cases of bile leakage, (n = 10)
(portal) (including 1 case of Grade B PHLF) 3 cases of Grade B PHLF,
and 2 cases of Grade C PHLF)
_ Organ or space SSI _ . _
lleus (=1 (including 1 case of bile leakage) (n=3) Pneumonia (n=4)
Thrombosis
Grade B PHLF (n=1) Superficial incisional SSI (n=1) (3 cases of portal thrombosis (n=4)
and 1 case of pulmonary thrombosis)
- . . _ Postoperative bleeding _
Biliary stricture with Grade C PHLF (n=1) (including 2 cases of Grade B PHLF) (n=23)
lleus (n=2)

Refractory pleural effusion or ascites  (n = 2)
Delirium (n=2)

Superficial incisional SSI (n=1)
Infection of implant with Grade C PHLF (n=1)

Grade C PHLF (n=1)

Abbreviations: PHLF, post-hepatectomy liver failure; SSI, surgical site infection



	activity_validation_title 2020.11.29
	Revised activity_validation_manuscript2021.5.23
	fig1
	fig2
	Table 1
	Table 2
	Table 3

