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Abstract: Objective: This study was designed to explore the effects of enhanced recovery after surgery (ERAS) in the 
perioperative period among partial hepatectomy patients. Method: Eighty partial hepatectomy patients with liver 
cancer admitted to our hospital were randomly divided into a study group (SG, n=40, who underwent ERSA) and 
a control group (CG, n=40, who underwent conventional nursing). The postoperative recovery indicators, the pain 
intensity, the self-care abilities, and the incidences of complications were compared between the two groups, and 
the patients’ and doctors’ satisfaction with the nurses’ performance was evaluated. Results: The recovery of bowel 
sound, the passage of gas through the anus, the out-of-bed activities, the lengths of the postoperative hospital 
stays, the pain intensity at 12 h, 24 h, and 48 h after surgery, the total incidences of complications, as well as the 
medical expenses were lower in the SG than they were in the CG (P < 0.05). The patients in the SG showed higher 
self-care abilities at 1 d, 2 d, and 3 d after surgery (P < 0.05). The patients in the SG and their physicians were more 
satisfied with the nursing (P < 0.05). The two groups were not statistically different in their readmission rates at 30 
d after the surgery (P > 0.05). Conclusion: Among patients undergoing partial hepatectomy, ERSA helps accelerate 
the postoperative recovery, helps reduce the pain intensity and the incidence of complications, and helps improve 
the self-care abilities and nursing satisfaction among partial hepatectomy patients. 
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Introduction

Liver cancer is a common malignant tumor in 
the digestive system with a higher incidence in 
males than in females. In terms of its incidence 
and mortality, it ranks sixth and second in the 
global list of cancers, and fourth after lung can-
cer, gastric cancer, and esophageal cancer and 
third after lung cancer and gastric cancer in 
China. Studies have pointed out that the inci-
dence and mortality of liver cancer patients in 
China are significantly higher than they are in 
other countries, accounting for about 50% of 
the global cases [1-3]. 

Partial hepatectomy is a commonly-performed 
operation and a main method of treating pri-
mary liver cancer. If it is well performed, the 
patients’ survival and quality of life can be sig-
nificantly improved [4, 5]. However, it is found in 
clinical practice that the difficulty of partial 
hepatectomy and the risks in the perioperative 
period will be significantly increased due to the 

fact that most patients with liver cancer are 
also suffering from chronic viral hepatitis and 
cirrhosis to varying degrees. Although in recent 
years, due to the development of modern medi-
cal science, the perioperative mortality of 
patients with partial hepatectomy has been 
controlled in the range of 1%-3%, postoperative 
complications are still reported in over 30% of 
the patients, affecting the prognosis [6-8]. 
Therefore, the proper management of patients 
in the perioperative period of partial hepatec-
tomy can alleviate the postoperative stress and 
improve the effectiveness and safety of 
hepatectomy. 

Enhanced recovery after surgery (ERSA) adopts 
a series of nursing measures supported by evi-
dence-based medicine (EBM) to reduce surgi-
cal stress and the postoperative incidence of 
complications, and to reduce metastasis and 
the development of diseases. It was first put 
forward and applied clinically in 2001, and has 
proven successful after years of clinical prac-
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tice [9, 10]. This study aimed to explore the 
effects of ERSA in the perioperative period of 
partial hepatectomy patients and its possibility 
of improving the surgical stress, so as to pro-
vide clinical references for reducing the dis-
ease’s postoperative metastasis and develop- 
ment. 

Materials and methods 

General clinical data 

Eighty partial hepatectomy patients admitted 
to our hospital from January 2017 to December 
2019 were randomly divided into the study 
group (SG, n=40) and the control group (CG, 
n=40). 

Inclusion criteria: (1) Patients with an accurate 
clinical diagnosis and in need of a partial hepa-
tectomy, (2) Patients with a clear conscious-
ness enabling them to cooperate with the 
study, (3) Patients who were undergoing the 
surgery for the first time, (4) Patients with gen-
eral anesthesia and ASA classes I-II. (5) 
Patients ≥18 years old, and (6) Patients with 
complete medical records. This study was 
approved by the Ethics Committee of Bozhou 
People’s Hospital of Anhui Province. Informed 
consent was provided by all the patients or 
their family members.

Exclusion criteria: (1) Patients with complica-
tions such as mental diseases, severe organic 
diseases, communication disorders, biliary 
obstructions, or hypercholesterolemia, and (2) 
Patients with liver cancer recurrence or distal 
metastasis. 

Removal criteria: (1) Patients who failed to pay 
a return visit during the study, (2) Patients who 
were required to withdraw during the study, and 
(3) Patients with severe complications after the 
surgery who had to be treated in the ICU. 

Methods 

The patients in the CG were conventionally 
intervened in the perioperative period of partial 
hepatectomy, including preoperative routine 
health education, mechanical bowel prepara-
tion, fasting from solids and liquids, and the 
postoperative encouragement of early activi-
ties, etc. No specific plans or requirements 
were formulated. 

The nursing scheme developed for the patients 
in the SG was the same as in the CG but with 
ERSA added as follows: (1) The establishment 
of an ERSA group. Through a literature search 
and by consulting medical records, etc., the 
common complications of patients requiring 
partial hepatectomy were identified, and the 
key points in nursing were determined. (2) 
Preoperative intervention: using health educa-
tion, the content, measures, and significance of 
ERSA were introduced to the patients to im- 
prove their nursing compliance. (3) Intraoper- 
ative intervention: intervention in the operation 
room is a main part of ERSA. According to pub-
lished research, low body temperatures and 
central venous pressure, liquid management, 
and infection are the main factors affecting the 
prognosis. Accordingly, the ERSA measures in 
the operation room were analyzed: ① Prevent 
hypothermia during the surgery. During the sur-
gery, the room temperature and humidity must 
be kept constant. The patient’s exposed skin 
can be warmed by a heater or covered by an 
electric blanket or quilt to minimize the patient’s 
loss of intraoperative body heat. Afterward, the 
saline used for intraoperative irrigation should 
be properly heated to maintain the tempera-
ture at about 38-40°C and the infusion liquid 
should also be pre-heated. ② Intraoperative 
prophylaxis of deep vein thrombosis. Elastic 
socks should be worn by the patients before 
the surgery, and leg compression should be 
used to prevent the formation of deep vein 
thrombosis during the surgery. ③ Controlled 
low central venous pressure. During the sur-
gery, the nurses should closely cooperate with 
the surgeons and anesthesiologists to main-
tain a good low central venous pressure, so as 
to reduce the intraoperative blood loss and 
speed up the patients’ postoperative recover-
ies. ④ Intraoperative fluid management. In- 
traoperative fluid management should be strict-
ly performed to ensure the maintenance of the 
central vascular blood volume, ensure the nor-
mal function of the vital organs, avoid the 
excessive intake of fluids and electrolytes, and 
implement individual and target-oriented infu-
sions. ⑤ Prophylactic use of antibiotics. In view 
of the high risk of infection in patients undergo-
ing partial hepatectomy, intravenous antibiot-
ics should be prophylactically administered 
during the surgery to ensure a reduction in the 
postoperative infection rate.
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Observation indicators and evaluation criteria 

Intergroup comparison of the general opera-
tion indicators: The postoperative time to re- 
covery of bowel sounds, the first passage of 
gas through the anus, the out-of-bed activities, 
and the lengths of the hospital stays were 
recorded and compared between the two 
groups. 

Intergroup comparisons of the postoperative 
pain intensity: The pain intensity was evaluated 
in both groups using the Changhai Pain Scale 
upon admission and at 1 d, 2 d, and 3 d after 
surgery. The Changhai Pain Scale is a compre-
hensive means of pain evaluation based on a 
0-10 scale on the Numerical Rating Scale (NRS) 
and the description in words is easy to under-
stand in the Verbal Rating Scale (VRS). The 
scale ranges from 0 to 10 and is positively cor-
related with pain intensity [11]. 

Intergroup comparison of the preoperative and 
postoperative self-care abilities: The self-care 
abilities were evaluated using the Barthel index 
(BI) upon admission and at 1 d, 2 d, and 3 d 
after surgery. BI is currently a highly effective 
self-care ability evaluation index with the wid-
est clinical application. Containing 10 items, 
the scale assigns scores up to 100 to patients 
based on the degree of assistance they need  
to complete the requirements. A higher score 
indicates better self-care abilities [12]. 

Intergroup comparison of the postoperative 
complications: The postoperative complica-
tions were divided into general complications 
(nausea and vomiting, abdominal distension 
and pain, pulmonary infection, infection of the 
incisional wound) and specific complications 
(biliary fistula and abdominal dropsy), separate-
ly recorded and compared between the two 
groups. 

Intergroup comparison of the readmission rate 
and the medical expenses: All the patients 
were followed up for 30 d to record their read-
mission rates and medical expenses for the 
intergroup comparisons. 

Evaluation of the nursing satisfaction: The pa- 
tients’ and doctors’ satisfaction with the nurs-
es’ performance were evaluated separately. 
The scale used to evaluate’ the patients’ satis-
faction with the nursing includes 20 communi-
cation, instruction, symptom control, and nurs-

ing skill items. A Likert 5-point scale was used, 
and its results were positively related to the 
degree of satisfaction. The scale used to evalu-
ate the doctors’ satisfaction with the nursing 
consisted of 24 items in 5 dimensions with a 
total possible score of 120. A higher score rep-
resents a higher degree of satisfaction. 

Statistical analysis 

The statistical analysis was performed with 
SPSS 22.0. In the case of numerical data 
expressed as the mean ± standard deviation 
(mean ± SD), the comparison studies were car-
ried out using Student’s t tests In the case of 
nominal data expressed as [n (%)], the com- 
parison studies were carried out using X2 tests 
for the intergroup comparisons. GraphPad 
Prism 8 was used to draw the graphs in the 
study. For all the statistical comparisons, sig-
nificance was defined as P < 0.05 [13]. 

Results 

Intergroup comparison of general clinical 
indicators

The two groups were not statistically different 
in their general clinical data, such as gender, 
age, weight, marital status, educational back-
ground, or occupation (P > 0.05) (Table 1). 

Intergroup comparison of the postoperative 
pain intensity

The recovery of bowel sounds, passage of gas 
through the anus, out-of-bed activity, and the 
lengths of the postoperative hospital stay 
scores in the SG were lower in the SG than they 
were in the CG (P < 0.05) (Figure 1). 

Intergroup comparison of the postoperative 
pain intensity

Upon admission, the pain intensity scores were 
not significantly different between the two 
groups (P > 0.05). At 12 h, 24 h, and 48 h after 
surgery, the pain intensity scores in the SG 
were lower in the SG than they were in the CG (P 
< 0.05). At 72 h after surgery, the pain intensity 
scores of the two groups were basically the 
same (P > 0.05) (Figure 2).

Intergroup comparison of the preoperative and 
postoperative self-care abilities

Upon admission, the BI of the two groups were 
not significantly different (P > 0.05). At 1 d, 2 d, 
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and 3 d after surgery, the BI of the SG was 
markedly higher than it was in the CG (P < 0.05) 
(Figure 3). 

Intergroup comparison of the postoperative 
complications

The general complications totaled up to 4 in the 
SG (2 cases of nausea and vomiting, 2 cases of 
abdominal distension and pain) and 13 (6 
cases of nausea and vomiting, 5 cases of 
abdominal distension and pain, 1 case of pul-
monary infection, 1 case of infection of the in- 
cisional wound) in the CG (P < 0.05). The spe-
cial complications were 2 (1 case of biliary fis-
tula, 1 case of abdominal dropsy) in the SG  
and 3 (2 cases of biliary fistula, 1 case of 
abdominal dropsy) in the CG (P < 0.05). The 
total incidence of complications was 15.00% in 
the SG and 40.00% in the CG (P < 0.05) (Figure 
4). 

Intergroup comparisons of the readmission 
rate and medical expenses

One patient in the SG and 2 patients in the CG 
were readmitted to hospital at 30 days after 
surgery (2.50% vs 5.00%) (X2=0.346, P > 0.05). 
The average medical expenses were RMB 
(41000±3100) in the SG and RMB (55100± 
3400) in the CG (t=19.382, P < 0.05). 

Table 1. Intergroup comparison of the general clinical data (
_
x  ± s)/[n (%)]

General clinical data SG (n=40) CG (n=40) t/X2 P
Gender Male 27 26 0.056 0.813

Female 13 14
Average age (years) 53.98±3.33 54.01±3.29 0.041 0.967
Average weight (kg) 63.49±4.33 63.34±4.29 0.156 0.876
Average BMI (kg/m2) 21.29±3.21 21.31±3.01 0.029 0.977
Occupation Farmer 10 10 0.343 0.801

Worker 13 14
Other 17 16

Educational background Illiterate 4 5 0.419 0.778
Elementary school 10 9
Junior middle school 13 12
Senior high school, college and university 13 14

Marital status Married 37 36 0.157 0.692
Unmarried 3 4

Smokes Yes 23 24 0.052 0.82
No 17 16

Drinks alcohol Yes 22 21 0.05 0.823
No 18 19

TNM I 31 30 0.069 0.793
II 9 10

ASA I 32 31 0.075 0.785
II 8 9

Figure 1. Intergroup comparison of the general surgi-
cal indicators. The SG showed shorter times to the 
recovery of bowel sounds, the first passage of gas 
through the anus, and out-of-bed activity as well as 
shorter lengths of the postoperative hospital stays in 
the SG than in the CG (P < 0.05). *P < 0.05 vs CG.
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Intergroup comparison of nursing satisfaction

The patients and physicians in the SG were 
more satisfied with the nursing than the 
patients and doctors in the CG (P < 0.05) 
(Figure 5).

Discussion

Partial hepatectomy is a commonly-used surgi-
cal method for the treatment of primary or sec-
ondary benign or malignant tumors in the liver, 
and is considered to be the main abdominal 
surgery with a high incidence of complications 
and mortality. Although in recent years, the 
management concepts and methods employed 
in the perioperative period of partial hepatec-
tomy have been continuously reformed, the 
incidence of complications still remains as high 
as 14%-55%, and about 0%-11.9% of the 
patients died within 30 d of the surgery [14, 
15]. Liver cancer patients are threatened by 
the high risk of partial hepatectomies, as the 
clinical symptoms of liver cancer are not signifi-
cant in the early stages, and most of the 
patients have entered the advanced stage 
when they are diagnosed. Causes of high inci-
dence of complications and mortality [16] 
include extensive resection and the underlying 

diseases of hepatitis and cirrhosis in most of 
the primary liver cancer patients, which greatly 
affect the prognosis after partial hepatectomy, 
prolongs the length of the hospital stay, and 
reduces the utilization rate of medical res- 
ources. 

First developed by Kehlet in 1997, ERSA has 
been gradually generalized in the perioperative 
management of various operations and has 
been successful [17]. ERSA adopts a series of 
nursing measures (preoperative health educa-
tion, intraoperative anesthesia optimization, 
and postoperative rapid recovery exercise, etc.) 
to reduce the surgical stress and postoperative 
incidences of complications and mortality, and 
reduce the metastasis and development of dis-
eases [18]. According to some studies, ERSA 
can not only significantly accelerate the postop-
erative recovery, but it can also relieve patients 
from wound-related inflammation and psycho-
logical discomfort due to surgical trauma or dis-
ease, thus shortening the length of the hospital 
stay and reducing the medical expenses [19]. 
Carter-Brooks et al. performed a Meta-analysis 
of the effects of ERSA in patients undergoing 
colorectal surgery and found that the incidence 
of complications was reduced by 50% [20]. 
Also, mass clinical data showed that ERSA can 
achieve significant effects when applied in gas-
trointestinal and urinary tract operations by re- 

Figure 2. Intergroup comparison of the postoperative 
pain intensity. Before the surgery and at 72 h after 
the surgery, the two groups were not significantly dif-
ferent in their pain intensity (P > 0.05). At 12 h, 24 
h, and 48 h after the surgery, the pain intensity in 
the SG was lower in the SG than it was in the CG (P < 
0.05). &P < 0.05 vs CG.

Figure 3. Intergroup comparison of the self-care abili-
ties before and after the surgery. Upon admission, 
the BI of the two groups were not significantly differ-
ent (P > 0.05). At 1 d, 2 d, and 3 d after surgery, the 
BI of the SG was markedly higher than it was in CG (P 
< 0.05); #P < 0.05 vs CG.
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ducing the readmission rate and demonstrat-
ing its effectiveness [21].

By setting up different groups, this study 
explored the effects of ERSA in the periopera-
tive period of partial hepatectomy patients. 
According to the results, compared to the CG, 
SG required shorter times to recover their 

bowel sounds, realize the first passage of gas 
through the anus, and to do out-of-bed activi-
ties. Also, the lengths of the postoperative hos-
pital stays were shortened, indicating that 
ERSA played a role in accelerating the postop-
erative recovery of patients undergoing partial 
hepatectomy. In this paper, the recovery of 
intestinal function was taken as the main indi-

Figure 4. Intergroup comparison of the postoperative complications. The general complications totaled up to 4 in 
the SG (2 cases of nausea and vomiting, 2 cases of abdominal distension and pain) and 13 (6 cases of nausea and 
vomiting, 5 cases of abdominal distension and pain, 1 case of pulmonary infection, 1 case of infection of incisional 
wound) in the CG (P < 0.05) (A). Special complications were 2 (1 case of biliary fistula, 1 case of abdominal dropsy) 
in the SG and 3 (2 cases of biliary fistula, 1 case of abdominal dropsy) in the CG (P < 0.05) (B). The total incidence 
of complications was 15.00% in the SG and 40.00% in the CG (P < 0.05) (C); *P < 0.05 vs CG.

Figure 5. Intergroup comparison of the nursing satisfaction. The patients (A) and physicians (B) in the SG were more 
satisfied with the nursing than the patients and physicians in the CG (P < 0.05); &P < 0.05 vs CG.
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cator of postoperative recovery speed. ERSA 
supports early food intake and basic nutrition 
support, which have positive effects on improv-
ing’ the nutrition intake and systematic nutri-
tional status of patients [22]. As a result, the 
postoperative recovery is accelerated. The 
postoperative pain intensity and self-care abili-
ties were also compared between the two 
groups. According to the results, the patients in 
the SG had significantly lower pain intensity at 
12 h, 24 h, and 48 h after surgery and higher 
self-care abilities at 1 d, 2 d, and 3 d after sur-
gery than patients in the CG, suggesting that 
ERSA can effectively reduce the postoperative 
pain intensity of patients and improve their 
self-care abilities. Some studies have pointed 
out that partial hepatectomy will result in sig-
nificant trauma and a large amount of inflam-
matory algogenic substances in the tissue 
cells, affecting sleep and activity and prolong-
ing the postoperative recovery process [23]. 
Using ERSA, the intraoperative body tempera-
ture is maintained, central venous pressure is 
controlled at a low level, liquid management 
was conducted, and antibiotics were applied. A 
low body temperature during the surgery will 
have a significant impact on the postoperative 
recovery of a patient’s functions. According to 
previous studies, it prolongs the time to metab-
olize anesthetics, affects thrombin activity and 
platelet function, and increases the risk of 
postoperative bleeding. In addition, the postop-
erative rewarming process will aggravate the 
stress, increase the incidence of infections of 
the incisional wounds, and prolong the length 
of the hospital stay [24]. This point of view has 
been demonstrated by the low incidence of pul-
monary infections and infections of the inci-
sional wound in the SG in this study. The liver is 
abundantly supplied with blood. Intraoperative 
bleeding control has always been the key to 
partial hepatectomy. Controlling the central 
venous pressure at a low level can significantly 
reduce the liver venous pressure and about 
80% of the blood loss related to hepatectomy. 
It is feasible and can accelerate the postopera-
tive recovery without any significant renal dys-
function according to previous studies. It is  
considered in traditional hepatectomy that a 
high-dose supplement of liquids can ensure the 
circulation volume, the water-electrolyte bal-
ance and the blood perfusion of the main 
organs during the surgery. However, according 
to ERSA, this will increase the incidences of 

abdominal infection and effusion. Moderate 
doses are proposed to avoid the excessive 
intake of liquids and electrolytes [25]. The inci-
dence of contamination is high in hepatectomy 
as the bile duct has to be mutilated, and the 
preventative application of antibiotics helps 
reduce the risk of postoperative infections of 
the incisional wound and improves the progno-
sis [26]. The complications data reported in 
this study also demonstrate the high feasibility 
of this method. Finally, the nursing satisfaction 
was compared between the two groups, and 
the reason for the great difference was that 
ERSA paid more attention to communication 
and instruction. On the one hand, the patients 
were motivated and their senses of safety and 
belongingness were enhanced. On the other 
hand, an effective communication channel was 
built for the physicians and nurses to improve 
the service quality. 

In conclusion, ERSA can accelerate the postop-
erative recovery, reduce the intraoperative pain 
intensity and the incidence of complications, 
and improve the self-care abilities of patients 
and the nursing satisfaction. The defects in this 
study are as follows: (1) The limited size of the 
study cohort resulted in insufficiently represen-
tative results, (2) The patients were followed up 
for only a short period of time, which increased 
the difficulty of evaluating the impact of ERSA 
on the long-term prognosis after a partial hepa-
tectomy. Therefore, future studies will use larg-
er cohorts over a longer time period to provide 
a theoretical basis for the accelerated recovery 
after partial hepatectomy.
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