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Background: Sleep quality has been always an important problem for patients
after hepatectomy. The main purpose of the study is to investigate the effects
of early ambulation on sleep quality in patients after liver resection via a
quantitative study.

Methods: Patients undergoing liver tumor resection were randomly divided
into two groups, and the Pittsburgh Sleep Quality Index (PSQI) was used to
assess the postoperative activities and sleep quality.

Results: Patients who started early ambulation after liver resection had
significantly better sleep quality, faster recovery of gastrointestinal function
and shorter lengths of postoperative hospital stay compared with the control
group. And there was no significant difference in the incidence of
postoperative complications between the two groups.

Conclusion: Early standardized physical activities are feasible for patients after
liver resection, which can significantly improve patient’s sleep quality, reduce
patient’s pain and the nursing workload, and achieve rapid recovery.
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Introduction

Partial hepatectomy still remains the most commonly used curative treatment for
liver tumor. However, clinical observations have shown that most patients with liver
malignancies also have symptoms such as insomnia, emotional instability, lethargy
and fatigue. Sleep is a basic physiological process of the human body, an important
part of body recovery and integration and consolidation of memory and an
indispensable part of health. People with poor sleep quality often show mood
depression, nervousness, irritability, anxiety and anergia. Poor sleep quality tends to
cause or aggravate the patient’s psychosomatic symptoms, which in turn can worsen
sleep quality, forming a vicious cycle (1-5). Studies have shown that lack of sleep can
prolong the length of hospital stay, increase the chance of infection and even increase
the mortality rate (6-8). Accurate care under the concept of enhanced recovery after
surgery (ERAS) can not only relieve the fear and anxiety of patients but also reduce
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the degree of postoperative pain as well as the use and side
effects of analgesics, thereby improving sleep quality and
promoting recovery from a disease (9).

Early ambulation has become an indispensable part of
postoperative care. It can reduce muscle loss and
complications including pneumonia and deep vein thrombosis
(10-12). The “Chinese

recovery after hepatectomy (2017)” and expert consensuses

expert consensus on enhanced
from other sources clearly state that early activities refer to
activities with reasonable plans and goals and recommended
that daily activity goals after surgery should be established
and that the amount of activity should be increased each day
(13). However, no specific quantitative plan was included in
In this regard,
conducted a series of studies that showed that early

these consensuses. our research team
ambulation starting the next day after surgery is safe and
feasible (10). Patients who started early ambulation had longer
postoperative sleep duration than those in the control group.
However, in our previous studies, the effects of early
standardized ambulation on sleep quality in patients after
liver resection were not quantified. Therefore, in the present
study, we further investigated the relationship between the
early ambulation and sleep quality after surgery using a
wireless smart wristband, the Fitbit Flex2 (14, 15), and the
Pittsburgh Sleep Quality Index (PSQI) (4, 16) to monitor in
real time, assess and correctly understand the postoperative
physical activity level and sleep quality of patients, thereby
improving the compliance and effectiveness of activities and
thus promoting the early recovery of patients.

Materials and methods
General information

Sample size and power analysis

This study was approved by the clinical research ethics
committee of the Eastern Hepatobiliary Surgery Hospital
(Shanghai, China). Written informed consent was obtained
from each patient according to the policies of the committee.
From March 2018 to July 2018, open liver resection was
performed at the Third Department of Hepatic Surgery,
Eastern Hepatobiliary Surgery Hospital in 312 patients.
According to the published report, assuming a type-I error of
5% (=0.05), a power of 80% for a 2-tailed log-rank test
(6=0.2), and about 10% post-randomization dropout, the
sample size was 120 patients, with 60 patients in each group.

Study design and randomisation technique
Based on the different protocols for postoperative activities,
patients who met the inclusion criteria were randomly assigned
to 2 groups, the control group and the experimental group
(early standardized activity group), with 60 patients in each
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group (Figure 1). Randomization was done by a nurse who
was not involved in this study when the patients were
assessed suitable to be included into this study, and the
randomization process was computer generated. There were
no significant differences in age, sex, tumor types, extent of
resection or surgical approach between the two groups
(Table 1). The study was approved by the Institutional
Review Board of the Eastern Hepatobiliary Hospital. Patients’
decision to participate in the study was voluntary, and
informed consent was obtained for randomization and
treatment. This project has been registered in the Chinese
Clinical Trial Registry (registration number: ChiCTR-TRC-
13003270).

Inclusion and exclusion criteria

The inclusion criteria were as follows: Patients who
underwent first surgery for liver tumor, were aged from 18 to
70 years and had no movement disorder; The preoperative
examination  indicated no  severe  cardiopulmonary
dysfunction, history of psychosis, sleep disorders or cognitive
dysfunction.

The exclusion criteria were as follows: (D patients with
related bone joint diseases affecting normal activities;
@ patients with brain disorders or mental disorders that
prevented them from cooperating; (3 patients with sleep

disorders before surgery.

Protocol for physical activities in the
control group

For the control group, postoperative activities were
performed following the guidance of the postoperative nursing
routine after liver surgery in the Handbook of Nursing in
Hepato-Pancreato-Biliary Surgery (17). The detailed protocol
is as follows: patients started physical activities on the bed
within 2 days after surgery; patients started to exercise while
standing on day 3 after surgery; patients started ambulation
on day 4 and day 5 after surgery. The assessment criteria
were as follows: the patients expressed a feeling of tolerance;
no symptoms including palpitation, dizziness, shortness of
breath and pain in the wound were reported after the activity;
no obviously increased heart rate, elevated blood pressure or
extreme fatigue was present after the activity.

Protocol for physical activities in the
early standardized activity group

A postoperative safety assessment was completed to exclude
active bleeding. Patients and their families were informed about
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Enrollment

Liver tumor for partial liver
resection (n=312)

Excluded (n=192)
Age<18 or >70 (n=44)
Liver resection in treating hepatolith or other

Severe concommitent medical disease (n=13)
Combined with sleep disorders (n=9)
Liver-re-resection (n=36)

After internal fixation of fracture affecting

Bilobar tumor (n=31)
Declined to participate (n=19)

benign liver disease (n=39)

normal activities (n=1)

Randomized (n=120)

S
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(n=60)

Control group
(n=60)
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Analysed (n=60) |

FIGURE 1
Flowchart of the patients enrolled in this study.

——

Analysed (n=60)

the detailed postoperative activity plan before surgery. After
surgery, the nurse-in-charge used a form to indicate the level
of daily activities, and the form was sent to the patients and
their families at 8:00 am. At completion of activities, the
family members would place a check mark on the form,
which improved the participation of family members. To
enhance safety and effectiveness, the amount of activity was
allocated for three time periods (morning, noon and evening).
The nurse-in-charge and the night-shift nurses supervised
patients who had not completed the minimally required
activity level as they completed the assigned activity. The
protocol of activities during the early stage is described as
follows. (1) On the day of surgery, passive movement of the
arms and legs, including the ankles, on the bed was major
form of activity. (2) On the first day after surgery, patients
were allowed to sit on the bed with their legs hanging down
over the edge of the bed. (3) On the second day after surgery,
the secured drainage tube was changed or removed. Following
the “trilogy of getting up” (siting on the bed for 1 min, siting
with legs hanging down over the edge of the bed and
standing at the bedside for 1 min), patients were allowed to
ambulate outside the ward 2 to 3 times, with a total walking
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distance of 250 to 500 m. (4) From the third day after
surgery, patients were enforced to ambulate outside the ward
5 times, with a total walking distance of greater than 1500 m.
According to the patient’s condition, pain assessment was
performed promptly. The amount of activity was eventually
increased based on the patient’s vital signs and tolerance.

Measurement of physical activity
and sleep

From the day of surgery, both groups of patients were asked
to wear a Fitbit Flex2, a wireless smart wristband, for step
counts and monitoring of walking distance and sleep time.
The physician-in-charge or nurse-in-charge synchronized the
wristband information to the corresponding account through
a mobile phone or computer using Bluetooth technology at
least 2 times a day and observed the outcomes of the
activities. For patients in the early standardized activity group,
those who did not complete the minimum activity distance
were asked to complete the activity under supervision. The
daily activity and sleep time of the patients were recorded
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over time. Meanwhile, patients were encouraged to download
the Fitbit App to monitor their activities in real time. In the
control group, the activity was determined according to the
degree of tolerance of the liver surgical care routine.

Sleep quality assessment

The sleep quality at 1 week before surgery and 1 week after
surgery were compared in the two groups using the PSQI. The
PSQI measures 7 different factors of sleep including sleep
quality, sleep onset latency, sleep duration, sleep efficiency,
sleep disorders, use of sleeping medication and daytime
dysfunction. Each factor is scored on a scale of 0-3. The
overall score ranges from 0 to 21, and a higher score denotes
poorer sleep quality of a patient. The questionnaire was
distributed by the nurses 1 day before the surgery and 5 days
after the surgery. The patients completed the questionnaire by
themselves. A total of 240 copies were distributed and
collected, with an effective recovery rate of 100%.

Indicators of observation

(1) The postoperative walking distance, the number of
paces, the pain score, the sleeping time, and PSQI score were
recorded. (2) Postoperative gastrointestinal function recovery
was assessed based on whether nausea, vomiting, bloating,
and/or diarrhoea occurred; the time of first exhaust and flatus
were recorded. (3) The postoperative complications and the
length of the postoperative hospital stay were recorded.
Criteria for patients to be discharged home in both groups
followed the recommendations by Dr R. M. van Dam (18),
which included normal or decreasing serum bilirubin, good
pain control with oral analgesics only, tolerance of solid food,
no intravenous fluids, independent patient mobility or at the
preoperative level, and patient’s willingness to go home.

Statistical analysis

Statistical analysis was performed based on an intention-to-
treat analysis and was performed using the IBM SPSS Statistics
(Version 19.0. Armonk, NY: IBM Corp) package. Quantitative
data are expressed as the means + standard deviation. A t-test
or Mann-Whitney test was used to compare continuous
variables such as the pain scores, walking distance, sleep
duration, PSQI scores, first exhaust and defecation time. The
chi-square test or Fisher’s exact probability method was used
to compare discrete variables such as the incidence of
complications and gastrointestinal function. A value of
P <0.05 was considered statistically significant.
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Results

The demographic data of the two groups are shown in
Table 1. There were no significant differences in in age, sex,
tumor types, resection scope, and operative details (P> 0.05)

Based on the protocol of the early standardized activity group,
the number of paces and walking distance were much higher in
the early standardized activity group than in the control
patients. Pain scores, walking distance, step count, sleep duration
and number of sleep interruptions were used to evaluate the
postoperative recovery. From the 4th day after hepatectomy, the
pain scores in the early standardized activity group were
significantly lower than those in the control group. In addition,
sleeping times were longer with less sleep interruptions than
those in the control group in the control group (P < 0.05, Table 2).

Using the “discharge criteria of ERAS” for the CS group of
patients, the postoperative hospital stay for the early standardized
activity group would have been significantly shorter than that of
the control group (P=0.04) (Table 3). The duration of time the
patients had nausea/vomiting and the time until first passed flatus
and first exhaust following surgery were significantly shorter in
the early standardized activity group than in the control group
(Table 3). In addition, there was no perioperative mortality,
reoperation in this study and no significant differences in the
postoperative complications between the two groups.

TABLE 1 Comparison of the general data between the two groups of
patients.

Control Experimental Test P
group group value
(n=60) (n=60) t 2
Age 534+13.6 57.2+184 1.29 0.20
Sex (M/F) 53/7 54/6 0.09 0.77
Tumor size 7.6+4.8 6.1+4.7 1.73 0.09
HBV (+) 59 57 047 0.49
Presence of cirrhosis 52 50 0.26 0.61
Tumor types
Malignant tumor 58 55 1.37 0.24
Benign tumor 2 5
Surgical procedure
Hemihepatectomy 28 24 0.54 0.46
Local tumor resection 32 36
Operative time (min) 142.2+47.8 133.9 +60.8 0.83 0.41
Liver warm ischemia time ~ 17.3+10.2 16.6 £9.7 0.39 0.70
(min)
Intraoperative blood loss ~ 238.0 +209.7 256.8 £221.4 0.48 0.63
(ml)
Intraoperative blood 7 6 0.09 0.77
transfusion (cases)
Intraoperative blood 25+1.1 33+21 1.89 0.06

transfusion amount
(units)
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TABLE 2 Postoperative walking distance, pain scores and sleep quality in the two groups.

10.3389/fsurg.2022.941158

Walking distance (m) Step count  Pain score  Sleep duration (h) Number of sleep interruptions
Control group
Day 1 after surgery 0 0 54+39 51+42
Day 2 after surgery 13.0 (0-110) 35.0 (0-311) 3.0+27 6.5+2.7 79+58
Day 3 after surgery 101.2+70.3 272.3+149.3 28+19 7.1+21 54+39
Day 4 after surgery 457.8 +282.1 909.2 +418.0 35+21 7.0+23 45+26
Day 5 after surgery 1210.1 £742.2 3765.2 +209.9 32+22 6.2+43 42+37
Experimental group
Day 1 after surgery 0 (0-50) 0 (0-240) 52+4.1 52+3.1
Day 2 after surgery 310 (220-550)* 898 (550-1210)* 3.1+26 6.7+2.9 4.0+ 1.6*
Day 3 after surgery 1551.3 +240.9* 3887.2 +891.9* 3.0+1.9 7.9 1.8 3.6£2.1%
Day 4 after surgery 1677.7 £ 321.2* 4022.9 £929.1* 2.8+1.8%* 73+26 32+1.7%
Day 5 after surgery 1638.2 +£283.7* 4189.6 +£901.4* 2.5+ 1.9% 7.8 3.1 3.1+£1.2%F
*P<0.01.
**P <0.05.

TABLE 3 Postoperative gastrointestinal function and length of hospital
stay in the two groups.

Control  Experimental Test p
group group value
n=:60 n=260

(n=60)  (n=60)

Postoperative gastrointestinal function
Nausea/vomiting 9 3 2.13 0.14
Abdominal 10 2 429 0.04

distention

Diarrhea 5 3 0.10 0.75

First exhaust time 33422 21+17 3.31 <0.01
(days)

First defecation time 32+24 23+20 2.21 0.03
(days)

Length of 76122 67124 2.12 0.04
postoperative

hospital stay (days)

This study showed no statistically significant difference in
sleep quality between the two groups before operation, but the
exception of a statistically significant difference in sleep
quality on day 5 after surgery (P <0.05). PSQI assessment was
performed in both groups after surgery. The sleep quality,
sleep latency, sleep disturbance, use of sleeping medication,
daytime function and total PSQI scores all showed statistically
significant differences (P < 0.05) (Tables 4, 5).

Discussion

Analysis of sleep quality in patients after
liver resection

In this study the total PSQI scores, the sleep quality, sleep
latency, sleep disturbance, use of sleeping medication, and
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TABLE 4 Comparison of sleep quality assessment (PSQI) in the two
groups.

Group N On the day of On day 5 after ¢t P
admission surgery

Experimental group 60 7.6+2.2 9.6+3.2 1.77 >0.05

Control group 60 7.8+3.2 134+538 8.09 <0.01

t 1.05 7.33

P >0.05 <0.01

TABLE 5 Comparison of postoperative sleep quality assessment
(PSQI) between the two groups.

Item Control Experimental  Test p
group group value
(n=60) (n=60)

Sleep quality 2.52 centerl.70 1.70 center1.21 3633 <0.01

Sleep latency 2.01 centerl.81 1.72 center1.08 4216  <0.01

Sleep duration 1.70 center0.99 1.44 center0.70 1.543  0.165

Sleep efficiency 1.22 center0.92 1.01 center0.51 1.899  0.063

Sleep disorder 1.56 center0.62 1.07 center0.54 3.626  <0.01

Use of sleeping 1.57 center0.61 0.98 center0.52 4233 <0.01

medication

Daytime function 2.02 center1.92 1.56 center0.68 3.986  <0.01

Total PSQI score 13.4 center5.8 9.6 center3.2 7.866 <0.01

daytime function all showed statistically significant differences
(P <0.05) between the two groups. The possible reasons may be
related to postoperative pain, postural discomfort, irritation due
to indwelling catheters, anxiety, nervousness and the ward
environment, all of which can affect the patient’s sleep quality.
However, postoperative pain, irritation due to indwelling
catheters and postural discomfort were the main factors that
affected postoperative sleep quality. Therefore, according to the
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concept of ERAS, continuous analgesia, early removal of the
drainage tube and early feeding and ambulation are the most
important methods to alleviate sleep disorders (9, 18, 19).

Wireless smart wristband measurement
assessed the activity level and sleep
duration

The Fitbit Flex2 wireless smart wristband was used to
facilitate real-time monitoring of step counts, walking distance
and sleep duration in adult patients in this study. The results
showed that the walking distance, step counts and number of
sleep interruptions were significantly different (P <0.05)
between the experimental and control groups from day 2 to
5. Real-time monitoring by the wristband showed that sleep
disorders were generally present in postoperative patients. The
main manifestations included difficulty in initiating asleep
(sleep latency >30 min), poor sleep quality with many
nightmares and difficulty in maintaining sleep (awakening
more than 3 times per night and insomnia after awakening in
the early morning). The total sleep duration was less than 6 h.
On the second day, the patients felt dizzy and exhibited a lack
of energy, lethargy and general malaise. Patients and their
families were encouraged to make full use of Fitbit’s real-time
monitoring to participate in patient care as a supervisory
alliance (20, 21). The patient’s postoperative activity and time
were quantified, and the staff of the 3 shifts supervised the
progress daily. The nurse manager, physician-in-charge and
overall assessments and

nurse-in-charge performed the

moderately adjusted the protocol if needed (22-25).

Early ambulation after liver resection
contributed to rapid recovery

In our previous studies, early forced ambulation was proved
to be safe and feasible without increasing the incidence of
With of
early postoperative can

postoperative  complications. concurrent  use

multimodal analgesia, activities
significantly improve intestinal paralysis, promote the recovery
of various organs and nutrient absorption, reduce and
the

abdominal pain, improve organ autonomic function, reduce

improve symptoms of abdominal distension and
the activity of sympathetic nerves of digestive organs and
improve the excitability of parasympathetic nerves to enhance
gastrointestinal motility (9, 10, 26). However, sleep quality
was not a main endpoint in previous report.

Further to investigative the importance of sleep quality after
surgery, PSQI was used to score and compare the physical
activities and sleep quality between the two groups. Early
standardized physical activities can significantly improve

patient’s sleep quality, reduce patient’s pain. As a result, the
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length of the postoperative hospital stay was also significantly
reduced (P <0.05).
significant difference in the incidence of postoperative

Although there was no statistically
complications between the groups. Studies suggest that early
activities can significantly prolong nighttime sleep and
improve sleep quality, which can reduce anxiety symptoms
and pain and enhance self-confidence and well-being after
recovery. Moreover, early activities can reduce daytime sleep
time and increase nighttime sleep time to improve sleep
quality, indirectly promoting postoperative recovery (6, 10, 27).

Standardized activities can help improve
sleep quality in patients after liver
resection

Sleep is an important physiological phenomenon, and sleep
quality is the assessment of how well one sleeps. Good sleep can
promote recovery from disease and strengthen the body’s
physiological functions. Due to the disease itself and changes
in the external environment, sleep can be seriously affected in
hospitalized patients (28, 29). Patients undergoing surgery are
considered a specific population who require more high-
quality sleep. However, their sleep is often affected by many
factors. The present study has shown that patients have poor
sleep quality due to surgery, but standardized early activities
can help significantly improve their sleep quality. Therefore,
sleep care should be emphasized in postoperative patients,
and a standardized sleep care model should be established
(30, 31). A standardized assessment tool should be used to
measure relevant factors, help perform prospective
intervention and develop a personalized care plan for
individuals to improve sleep (32-38). Methods to improve
sleep quality should be considered as a basic part of health
education, and patients should be educated about factors that

impact sleep to improve sleep quality and comfort.

Conclusion

In conclusion, this study showed that early standardized
physical activities were feasible for patients after liver
resection. They could significantly increase the patient’s sleep
duration and improve the sleep quality to reduce the patient’s
pain, the length of hospital stays, the nursing workload and
thus achieve rapid recovery.
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