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Background: Sex, in the sense of gender, is a major social demographic characteristic that has been shown to affect health care outcomes.
The concept of enhanced recovery after surgery (ERAS) is an effective perioperative management measure that can reduce the periop-
erative stress response in patients. However, there are few studies on the differences between male and female patients under this type
of care. We aimed to analyze sex differences in clinical characteristics among patients undergoing hepatobiliary and pancreatic surgery
with accelerated rehabilitation.
Methods: We enrolled patients who underwent liver, biliary tract, and gallbladder operations in the Department of Hepatobiliary and Pan-
creatic Surgery of Taizhou Hospital, Zhejiang Province, China, from April 2021 to July 2021. Key measures were collected for patients
undergoing perioperative accelerated rehabilitation (i.e., the case group). The study group was assembled by performing 1:1 matching
for age, sex, chronic disease, and type of surgery. Postoperative risk assessment, postoperative recovery indicators, and postoperative
length of hospital stay (days) were compared between male and female patients.
Results: A total of 226 surgical patients were enrolled, including 109 male (48.23%) and 117 female patients (51.77%). The outcomes,
presented as the median (min, max), were as follows: pulmonary rehabilitation risk assessment in females (1(0,3)) and males (0(0,2)),
postoperative nausea and vomiting in females (2(1,3)) and males (1(0,2)), and time to first defecation in females (31(4,61)) and males
(36(10,78)). Significant differences were indicated by p values < 0.05.
Conclusion: We identified sex differences in the clinical prognosis and performance of perioperative patients undergoing hepatobiliary
and pancreatic surgery with accelerated rehabilitation. The perioperative pulmonary rehabilitation risk of male patients was higher than
that of female patients, and the time to first defecation was longer in male than in female patients. The incidence of nausea and vomiting
in women was higher than in men.
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Introduction
The concept of enhanced recovery after surgery (ERAS)
was first proposed by Danish Professor Kehlet [1] in 1997
using evidence-based medicine, in which perioperative
measures can be optimized to reduce physical and psycho-
logical stress responses in patients, thus reducing compli-
cations, shortening their hospital stay, and accelerating pa-
tient rehabilitation. ERAS represents a shift in periopera-
tive philosophy; it reduces postoperative complications and
the length of hospital stay, improves postoperative quality
of life, and reduces overall health care costs [2]. In or-
thopedic, gynecologic, cardiothoracic, and gastrointestinal
surgery, ERAS has reduced hospital stays without increas-
ing readmission rates [3].
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Biological sex, which is defined by characteristics encoded
in DNA, body chemistry, and other physical factors, and
gender, the collection of social, cultural, behavioral, and
psychological traits that are a function of being a human
male or female, influence both health and disease. Differ-
ences in health care delivery and outcome between men
and women have been documented in many areas of re-
search, including lung disease [4], stroke [5], kidney trans-
plantation [6], lumbar discectomy [7], and pancreatic can-
cer [8]. Identifying these differences is crucial in not only
optimizing health care outcomes but also minimizing ex-
isting disparities in access to care [9]. Herein, we will use
the term “sex” to refer to the trait of being male or female,
even though we do not address whether the differences we
observed are caused by solely physical, solely social, or a
combination of both types of factors.

Until now, most studies on ERAS have focused on the hos-
pital length of stay, readmission, and postoperative compli-
cations. A set of ERAS-specific core outcomes have been
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Fig. 1. Sample selection. ERAS, enhanced recovery after surgery.

developed to assist in homogeneous outcome reporting in
ERAS studies [10]. After the implementation of these key
measures in the ERAS perioperative period, however, few
studies have investigated whether there are sex differences
in outcomes. Therefore, in this study, we analyzed the out-
comes of perioperative ERAS key measures in both male
and female patients.

Materials and Methods
Methods
This study was approved by the Ethical Committee
of Taizhou Hospital of Zhejiang Province (number
K20220129). The inclusion criteria were: patients under-
going elective surgery; age ≥18 years; able to move and
communicate; and complete clinical data available. The ex-
clusion criteria were: postoperative complications; periop-
erative conditions that were life-threatening; organ failure;
and patients who died during surgery. After exclusion, a to-
tal of 226 patients whomet the inclusion criteria for elective
surgery in Taizhou Hospital, Zhejiang Province from April
to July 2021 were reviewed and subjected to the ERAS clin-
ical pathway. In order to eliminate bias and help balance
the differences in baseline characteristics and perioperative
assessments between the two groups, the study group was
formed by performing 1:1 matching for age, sex, chronic
disease, and type of surgery. Finally, we enrolled 49 men
and 49 women in the study group, as shown in Fig. 1.

Procedure
ERAS Team

A multidisciplinary ERAS team was established, including
hepatobiliary and pancreatic surgeons and staff from the
nursing department, mental health department, anesthesi-
ology department, rehabilitation department, nutrition de-
partment, respiratory department, operating room, radiol-
ogy department, and other departments.

ERAS-specific Implementation Plan

After diagnosis, a physician issued each patient a certificate
of hospitalization and preoperative examination and pro-
vided them with the “Accelerated Rehabilitation Surgery
Education Manual” as revised by the Department of Hepa-
tobiliary and Pancreatic Surgery of Taizhou Hospital. The
patients underwent preoperative visits in the outpatient
department of anesthesiology and nutrition. Specialized
nurses in each department communicated with patients, ex-
tracted patient data from the hospital information system
(HIS), and conducted telephone interviews. These nurses
tried to understand the patient’s diet, activities, sleep, psy-
chology, and other home life-related factors, and gave rel-
evant professional guidance to improve the patient’s car-
diopulmonary function, improve their preoperative nutri-
tional status, and prepare them for treatment. Regarding
psychological aspects, patients were advised to pay atten-
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tion to rest, avoid fatigue, listen to some light music, to not
stay up late, and to engage in deep breathing and other emo-
tional regulation activities before surgery.
After admission, members of the ERAS cohort under-
went comprehensive assessment, such as preoperative nu-
tritional assessment, liver function assessment, psycholog-
ical screening, thrombosis risk assessment, pulmonary re-
habilitation risk assessment, and mood thermometer assess-
ment. Consultations were conducted by the nutrition, re-
habilitation, respiratory, anesthesia, and pharmacy depart-
ments. One day before surgery, the anesthesiology depart-
ment evaluated all patients for nausea and vomiting scores,
basic diseases, and body mass index (BMI). Specialized
nurses carried out cluster education, and nurses dedicated
to individual education provided lung rehabilitation guid-
ance.
Patients fasted for 6 hours before surgery, and drinking was
prohibited 2 hours before surgery. Antibiotics were used
in patients undergoing liver surgery, half an hour before the
operation and more than 3 hours after surgery, to prevent in-
fection. Attentionwas paid to keeping patients warm during
the surgery; the operating room temperature was regulated
at 22–24 °C, and a thermal insulation blanket, liquid heat-
ing, central temperature monitoring, and other technologies
were used. Appropriate anesthesia, multi-mode analgesia,
and preventive antiemetic drugs were also administered.
Postoperative multi-mode analgesia, including non-
steroidal analgesics and opioids, was implemented.
Depending on the disease, target-oriented activity guidance
and supervision of early activities, including turning over
in bed, limb function activities, early out-of-bed activities,
barometric therapy, and cardiopulmonary exercise, were
provided. On the first day after surgery, multidisciplinary
ward rounds were made; rehabilitation, nutrition, drugs,
fluid rehydration, and other plans were formulated; and in-
dividualized treatment plans were set up and implemented
among medical staff and patients. Specialist nurses revised
the postoperative rehabilitation schedule of patients,
provided guidance and feedback on the completion, and
recorded all details.
Specialist nurses managed patients’ psychological and re-
habilitation programs. When the patient reached the dis-
charge index, the doctor finalized the patient hospitaliza-
tion records and prescriptions, and set the date of follow-up
for the patient. Specialist nurses gave comprehensive ed-
ucation to patients on nutrition, activity, medicines, sleep,
changing the incision dressing, and other matters requiring
attention after discharge.
After discharge, patient information was extracted from the
HIS, and a standardized postoperative follow-up was con-
ducted and recorded. After discharge, the patients were
followed up by telephone three times: 7, 14, and 30 days
after surgery. Patients were consulted about the length of
stay, and their diet, activity, pain, and sleep details were
recorded.

Effect Evaluation
Data Collection
Clinical data were collected for each patient, and the nurse
responsible created an electronic record of the case accord-
ing to the actual situation of the patient’s first clinical feed-
ing, ability to get out of bed, flatulence, and defecation. The
specialist nurses collected independent data for each patient
and generated monthly statistics. One patient with brain in-
jury after gallbladder surgery was excluded and withdrew
from ERAS; after treatment, he recovered and was dis-
charged home.

Evaluation Indicators
(1) The general data of patients undergoing hepatobiliary
and pancreatic surgery included age, sex, education level,
underlying diseases, and surgical methods.
(2) Postoperative risk assessment was conducted using the
Nutrition Risk Screening 2002 (NRS2002) [11]. According
to the NRS2002, nutritional status was determined using
three variables: BMI, recent weight loss, and food intake
1 week before admission [12]. The NRS2002 score is the
sum of the nutrition score, disease severity score, and age-
adjusted score. The higher the score, the greater the risk
of malnutrition. The Lung Rehabilitation Risk Screening
Scale was developed according to the risk factors affecting
pulmonary rehabilitation, including age>60 years, obesity
(BMI >30.0 kg/m2), history of smoking (>40 packs/year),
and history of chronic cough or other respiratory diseases;
the higher the assessment score, the higher the incidence of
postoperative pulmonary complications. The most widely
used individualized tool for monitoring and preventing the
possibility of venous thromboembolism (VTE) occurring
after surgery is the CAPRINI score [13]. The higher the
score, the higher the likelihood of VTE. The mood ther-
mometer score is used to accurately assess patients’ mood
changes; the higher the value, the greater the mood fluc-
tuations. Postoperative nausea and vomiting (PONV) were
evaluated using Apfel et al. 1999 [14]. Four risk factors for
PONV were proposed: female sex, nonsmoking, postoper-
ative opioid use, and history of motion sickness or PONV.
The higher the Apfel score, the higher the incidence of post-
operative nausea and vomiting.
(3) Postoperative recovery indicators included the time to
first getting out of bed (hours), time to first oral ingestion
(hours), time to first flatulence (hours), time to first defe-
cation (hours), time to drainage tube removal (days) and
length of hospital stay (days).

Statistical Methods
IBM SPSS Statistics 23 statistical software (IBM Corp, Ar-
monk, NY, USA) was used for data analysis. The mea-
surement data conforming to a normal distribution were
expressed as the mean and standard deviation. Paired T-
tests were used for age comparisons. The non-normal dis-
tributionmeasurement data were represented by theMedian
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Table 1. General data of patients in hepatobiliary and pancreatic surgery under ERAS (n = 226).
Variable Classification N %

Sex Male 109 48.3
Female 117 51.7

Age <40 23 10.18
40–60 117 51.77
>60 86 38.05

Education level Below junior high school 110 48.6
Junior high school and above 116 51.4

Site Gallbladder 172 76.1
Liver 43 19.0
Biliary tract 11 4.9

Surgery type Open 36 15.9
Laparoscopic 190 84.1

Hypertension No 164 72.5
Yes 62 27.5

Diabetes No 20 8.9
Yes 209 91.1

Heart disease No 7 3.1
Yes 219 96.9

Lung disease No 12 5.5
Yes 214 94.5

Hepatitis B No 27 12.0
Yes 199 88.0

(min, max), and the Wilcoxon rank-sum test was used for
comparisons between male and female groups. The count
data were expressed as frequency and percentage, and the
chi-squared test was used for comparisons between groups.
p values < 0.05 were considered statistically significant.

Results
The general data of 226 patients in hepatobiliary and pan-
creatic surgery who met the inclusion criteria under the im-
plementation of ERAS were analyzed. This group included
both men (n = 109, 48.3%) and women (n = 117, 51.7%).
The surgical methods were laparotomy (n = 36, 15.9%) and
laparoscopy (190, 84.1%); the type of disease was gallblad-
der (n = 172, 76.1%), liver (43, 19.0%), or bile duct (n =
11, 4.9%) disease; and among the 226 patients, 27.5% had
hypertension, 8.9% had diabetes, 3.1% had heart disease,
5.5% had lung disease, and 12.0% had hepatitis B (Table
1).
The study group was formed by performing 1:1 matching
for age, chronic disease, and surgery type. Comparisons
of the general data of inpatients undergoing hepatobiliary
and pancreatic surgery showed no significant difference be-
tween male and female patients regarding age, education
level, disease type, operation type, or underlying diseases
(hypertension (p = 0.180), diabetes (p = 0.673), heart dis-
ease (p = 1.000), and lung disease (p = 0.484)). However,
significant differences by sex were found for hepatitis B in-
fection (p < 0.001), with significantly more male patients
with hepatitis B than female patients (Table 2).

There was no significant difference between male and
female patients undergoing hepatobiliary or pancreatic
surgerywith respect to postoperative nutritional risk screen-
ing assessment (p = 0.233), thrombosis risk assessment (p =
0.881), or mood thermometer score (p = 0.927). There were
statistically significant differences regarding pulmonary re-
habilitation risk (p = 0.018) and postoperative nausea and
vomiting score (p = 0.001). Pulmonary rehabilitation risk
in male patients (1(0,3)) was higher than that in female
patients (0(0,2)). The postoperative nausea and vomiting
score in female patients (2(1,3)) was higher than in male
patients (1(0,2)) (Table 3).
There was no significant difference in the incidence of time
to first oral ingestion (p = 0.348), time to first getting out
of bed (p = 0.125), time to first flatulence (p = 294), time
to drainage tube removal (p = 0.122), operation days (p
= 0.172), postoperative hospital stay (p = 0.692), or total
hospital stay (p = 0.467) between male and female inpa-
tients undergoing hepatobiliary and pancreatic surgery (p>
0.05). There were significant differences in the time to first
defecation (p < 0.05). Time of first defecation in male pa-
tients after surgery (36(10,78)) was longer than in females
(31(4,61)) (Table 4).
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Table 2. Comparison of general data between male and female inpatients undergoing hepatobiliary and pancreatic surgery.

Variable
Female (n = 49) Male (n = 49)

χ2 p
N % N %

Education level 1.470 0.225
Below junior high school 28 57.14 22 44.90
Junior high school and above 21 42.86 27 55.10

Site 0.089 0.766
Gallbladder 43 87.76 42 85.71
Other 6 12.24 7 14.29

Surgery type 0.000 1.000
Open 3 6.12 3 6.12
Laparoscopic 46 93.88 46 93.88

Hypertension 1.800 0.180
No 32 65.31 38 77.55
Yes 17 34.69 11 22.45

Diabetes 0.178 0.673
No 45 91.84 47 95.92
Yes 4 8.16 2 4.08

Heart disease 0.000 1.000
No 46 93.88 47 95.92
Yes 3 6.12 2 4.08

Lung disease 0.489 0.484
No 46 93.88 43 87.76
Yes 3 6.12 6 12.24

Hepatitis B 12.391 <0.001
No 49 100.00 38 77.55
Yes 0 0.00 11 22.45

Chronic disease 0.000 1.000
No 24 48.98 24 48.98
Yes 25 51.02 25 51.02

Mean SD Mean SD t p
Age 56.90 10.66 56.90 10.66 0.000 1.000

Discussion
Clinical Implication
Over the past two decades, an increasing number of studies
have been published investigating the safety and efficacy
of ERAS programs in surgical patients, with many guide-
lines or consensus agreements across multiple surgical sub-
specialties [15]. ERAS includes three key indicators of re-
covery: promoting recovery of intestinal function, adequate
analgesia, and early activity. However, there are few stud-
ies on sex differences among patients undergoing acceler-
ated rehabilitation following surgery. In this study, we an-
alyzed key measures for 226 patients undergoing acceler-
ated rehabilitation following hepatobiliary and pancreatic
surgery. We analyzed their general data, risk assessment,
postoperative recovery indicators, and length of hospital
stay. Temporal associations for incident gallstone disease
and female sex, BMI, and non-HDL cholesterol, as well
as inverse associations for increasing alcohol consumption
and the cessation of hormone replacement therapy in fe-
male patients, were confirmed [16]. General data analysis
showed there to be more males with hepatitis B infection

than females. In postoperative risk assessment, there were
differences in pulmonary rehabilitation risk and postopera-
tive nausea and vomiting betweenmale and female patients.
Postoperative recovery indicators, including times to first
defecation, were longer in male patients than in female pa-
tients.

Zettersten et al. [17] speculated that premenopausal women
would have better outcomes after serious illness and injury
owing to higher endogenous estrogen levels. The study by
Nikfarjam et al. [18] revealed that male patients with acute
cholecystitis were older and more likely to have gangrene
cholecystitis than women, and had a risk of more comor-
bidities; men also had longer postoperative hospital stays
than women. Rucker et al. [9] suggested that biologi-
cally higher levels of estrogen may reduce inflammation
after trauma, and that less aggressive treatment and psycho-
logical interventions were more effective in women than in
men. In developed countries, smoking is thought to be the
most important cause of sex differences in life expectancy.
Smoking is an important risk factor for malignant tumors
(especially lung cancer) and cardiovascular and cerebrovas-
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Table 3. Comparison of perioperative evaluation between male and female inpatients in hepatobiliary and pancreatic surgery.

Variable
Female (n = 49) Male (n = 49)

Z p
Median (min, max) Median (min, max)

Nutritional risk screening 0(0,3) 0(0,4) 1.192 0.233
VTE risk assessment 4(0,9) 4(1,8) 1.490 0.881
Pulmonary rehabilitation risk 0(0,2) 1(0,3) 2.373 0.018
Mood thermometer 4(0,5) 3(1,5) 0.091 0.927
Postoperative nausea and vomiting 2(1,3) 1(0,2) 4.150 0.001

VTE, venous thromboembolism.

Table 4. Comparison of postoperative recovery indices between male and female inpatients in hepatobiliary and pancreatic
surgery.

Variable
Female (n = 49) Male (n = 49)

Z p
Median (min, max) Median (min, max)

Time to first oral ingestion (h) 6(6,19) 6(5,28) 0.393 0.348
First time out of bed (h) 7(4,23) 8(4,23) 1.535 0.125
Time to first flatulence (h) 12(4,36) 15(5,52) 1.050 0.294
Time to defecation (h) 31(4,61) 36(10,78) 2.620 0.009
Time to drainage tube removal (d) 0(0,5) 0(0,6) 1.545 0.122
Operation days (d) 1(0,11) 2(1,10) 1.365 0.172
Postoperative stay (d) 2(0,27) 2(1,11) 0.396 0.692
Length of hospitalization (d) 4(1,30) 5(2,15) 0.727 0.467

cular diseases [19]. Excessive alcohol consumption and
poor blood pressure control among men also contribute to
sex differences [20]. Our study showed that the lung reha-
bilitation risk inmale patients was higher than that in female
patients; this difference may have been due to the greater
probability of smoking among men than women. Smoking
could have contributed to the higher lung rehabilitation risk
score in male than in female patients, which is one of the
factors affecting prognosis.

Sex differences have been observed in many aspects of
health care. Bechtel et al. [21] reported that women pre-
senting for cardiac surgery tend to be older and more likely
to have hypertension, diabetes, and high or low BMI than
men. Women have increased risk of morbidity and mortal-
ity after many types of cardiac surgery, but lower mortality
at mid- and long-term ranges. Choi et al. [22] reported,
in terms of comorbidities, that more males died from dis-
eases other than gastric cancer (GC), including other malig-
nancies such as lung cancer, hepatocellular carcinoma, and
pancreatic cancer, and respiratory diseases such as intersti-
tial lung disease and chronic obstructive pulmonary disease;
they also reported that more female patients died of cardio-
vascular or cerebrovascular deaths. Almasaudi et al. [23]
reported that obesity prior to surgery for colorectal cancer
increases the risk of infectious complications in both male
and female patients. Increased BMI in male patients was
associated with a greater risk of surgical site infections and
wound infection than in female patients.

ERAS research must focus on investigation of the patho-
physiological nature of the surgical traumatic stress re-

sponse, in order to clarify the differences in pathogenesis
of different postoperative complications and devise future
strategies. In recent years, developments in this field have
included precision hepatobiliary and pancreatic surgery,
and continuous introduction of novel treatment concepts
and methods, including minimally invasive surgery, 3D
printing technology, and robotic surgery [24]. There are
sex differences in perioperative recovery after hepatobil-
iary and pancreatic surgery, but using the ERAS method,
these differences are minimized between male and female
patients.
During the ERAS protocol, male patients that smoked were
advised to quit smoking by professional physical therapists
during the preoperative pulmonary rehabilitation risk as-
sessment. The male patients were also given multimodal
health education, preoperative postoperative aerobic train-
ing guidance, including deep breathing, abdominal move-
ment, thoracic movement, effective cough, etc. Providing
active pulmonary rehabilitation intervention during the pe-
rioperative period is one of the key aspects of ERAS [25].
After surgery, basic prevention, physical therapy and drug
therapy were provided according to the defecation time
and abdominal distension of male patients. For example,
early postoperative ambulation, goal-oriented early activi-
ties, chewing gum, acupoint massage, and the use of laxa-
tives were encouraged so as to promote intestinal peristal-
sis, defecation as soon as possible, reduce abdominal dis-
tension, and other conditions.
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Limitations
As a single-center study, the prospective investigation of
various diseases was lacking, and our study had a short
research duration. The sample size was relatively small,
most of the data collected were from gallbladder surgery,
and there were few cases of liver, biliary, and pancreatic
surgery. The collection of evaluation indicators for changes
in psychological stress and compliance between male and
female patients under ERAS is not complete. Unfortu-
nately, we were not able to collect data regarding smok-
ing in this dataset, and smoking is a major factor affecting
lung rehabilitation and PONV score in both male and fe-
male patients. The perioperative pulmonary rehabilitation
risk was higher in male hepatobiliary and pancreatic pa-
tients than their female counterparts, and the times to defe-
cation were longer than those in women. In the future, the
ERAS scheme for men may need to be different from that
for women, targeting strengthening and promoting postop-
erative defecation, lung function exercises, and the provi-
sion of individualized health education to improve compli-
ance among male patients and minimize the clinical differ-
ences between men and women.

Conclusion
In conclusion, we found a significant sex difference in post-
operative recovery among patients receiving hepatobiliary
and pancreatic surgery under implementation of the concept
of accelerated rehabilitation surgery, with the recovery time
of male patients being longer than that of female patients. It
is important to reduce the differences in perioperative and
postoperative recovery indicators of all patients, reduce the
risk of pulmonary rehabilitation, and shorten postoperative
defecation times. Moreover, sex differences in perioper-
ative recovery indicators caused by obesity, drinking, and
smoking should be addressed by future studies.
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