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Background: The have been few reports on use of ERAS in LC combined with LCBDE to promote postoperative recovery of
patients. Therefore, the purpose of this cohort study was to explore the use of ERAS in patients who under-
went LC combined with LCBDE.

Material/Methods: We collected clinical data of 445 patients who underwent elective laparoscopic cholecystectomy combined with
laparoscopic common bile duct exploration from January 2015 to February 2019 in our hospital and divided
the patients into an E-LC group and an LC group. The stress response index, postoperative complication rate,
and postoperative rehabilitation effect of the 2 groups were compared and analyzed.

Results: The WBC count and CRP levels in the E-LC group were significantly lower than those of the LC group 1 day af-
ter surgery (p<0.05). In terms of the postoperative complications, the incidence of nausea, incisional pain, and
vomiting in the E-LC group were lower than in the LC group, and the differences were statistically significant
(p<0.05). In terms of the postoperative rehabilitation efficacy, flatus time and length of hospital stay after sur-
gery in the E-LC group were significantly shorter than those in the LC group (p<0.05).

Conclusions: Use of ERAS in the perioperative period in patients who underwent LC combined with LCBDE reduces the stress
response and postoperative complications and accelerates postoperative rehabilitation.
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Background

Laparoscopic cholecystectomy is considered to be the criterion
standard procedure for treatment of benign gallbladder dis-
ease and, due to its minimal invasiveness, has the advantag-
es of minor trauma, minor bleeding, low pain, and quick re-
covery. With the development of ERAS in recent years, many
of these measures have been applied in clinical practice [1]
because of their advantages in reducing the incidence of sur-
gical stress and complications, accelerating postoperative re-
habilitation, and shortening hospital stay [2-5]]. There have
been many reports on the use of ERAS in surgery, but no re-
ports on use of ERAS in LC combined with LCBDE, so it is nec-
essary to assess its characteristics. Xiang et al. studied the ef-
fect of early resumption of eating on gastrointestinal function
and concluded that early eating could increase abdominal dis-
tension, but they did not discuss other complications [6]. In
the present study, the effects of ERAS on stress state and post-
operative complication rates of patients undergoing LC with
choledocholithotomy were investigated. The clinical data of
445 patients who underwent LC combined with LCBDE in our
department from January 2015 to February 2019 were retro-
spectively studied to explore the value of ERAS in periopera-
tive treatment of LC combined with LCBDE.

Material and Methods

Patient selection criteria

We collected clinical data of 445 patients who underwent
elective laparoscopic cholecystectomy combined with lapa-
roscopic common bile duct exploration from January 2015 to
February 2019 in our hospital and divided them into an E-LC
group (148 patients who voluntarily chose ERAS) and an LC
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group (297 who voluntarily chose the traditional periopera-
tive treatment plan). Preoperative B-ultrasound, abdominal
CT, or abdominal MRI was performed in all patients to con-
firm benign diseases of the gallbladder combined with com-
mon bile duct stones. The relevant conditions of common bile
duct stones are shown in Table 1. The study design and data
reporting were performed in accordance with the STROCSS
guidelines for cohort studies [7].

The exclusion criteria were: complications of severe cardio-
pulmonary diseases and uncontrollable hypertension or se-
vere diabetes, history of upper-abdomen surgery and severe
local adhesions, intrahepatic bile duct stones confirmed be-
fore surgery, and a combination of other digestive tract can-
cers and diseases.

The indications for LCBDE were: preoperative imaging-confirmed
choledocholithiasis and choledocholithiasis diameter >8 mm.

The discharge criteria were: able to move freely, normal body
temperature and WBC count, absence of pain, no obvious dis-
comfort after eating, flatus and bowel movements, and good
healing of surgical sites.

Standard medical procedures

All operations were performed by the same surgeon and the
same group of doctors. The anesthesia and surgical procedures
were the same, and LC combined with LCBDE with a 4-hole
method was performed. We dissected the gallbladder, fully ex-
posed the gallbladder duct and gallbladder artery, clamped the
gallbladder duct with a Hem-o-Lok clip and did not cut it tem-
porarily, clamped and cut off the cystic artery, cut the anterior
wall of the bile duct by 1.0~1.5 cm near the upper end of the
common bile duct, put the choledochoscope into the puncture

Table 1. Comparison of baseline data between E-LC group and LC group.

Variable

Sex (M/F%)

Number of stones in common bile duct

64/84 (76.19%) 138/159 (86.79%) 0.52

s447el2 55011077 068
s61:017 598014 011
104 (7027%) 200 (67.34%) 053
28 (1892%) 61 (054%) 069
16 (1081%) 36 (1212%) 069
1105:018 1117014 060
218017 2081014 017

The E-LC group consisted of patients who were treated with an ERAS regimen. The LC group consisted of patients who were treated

with a traditional perioperative regimen.
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hole under the xiphoid process, used a stone-collecting basket
or flushing method to remove the stones, and used 4-0 ab-
sorbable line to suture the anterior wall of the bile duct con-
tinuously or discontinuously after choledochoscopy had con-
firmed there was no stenosis or residual stones in the lower
part of the common bile duct. No bile leakage was found. The
gallbladder was removed, the abdominal cavity was flushed,
and the effusion was completely absorbed. The drainage tube
was placed at the Winslow hole and exited from the sheath
stuck hole at the junction of the right costal margin and the
axillary front. When the bile duct wall is obviously edematous
and the lower end of the common bile duct is narrow, the risk
of bile leakage is high, and primary suturing of the common
bile duct cannot be performed. In such situations, the T tube
will remain in the common bile duct. About 5% of the patients
in the 2 groups had a T tube placed. Cholangiography was per-
formed 2 weeks after surgery. If there was no common bile
duct stenosis, the T tube could be removed.

Patients in the E-LC group were treated with a standardized
fast-rehabilitation surgical protocol in our hospital and received
a fast-rehabilitation surgical nursing regimen. Preoperatively,
in addition to routine preoperative conversations, the preoper-
ative information and education informed the patients about
the purpose and main measures of the ERAS program to in-
crease compliance with the program, informed the patients
about anesthesia and surgical methods, reduced their fears
and anxiety about anesthesia and surgery, and informed them
about discharge standards and related matters. Additionally,
the patients fasted for 6 hours and receive a 250-ml oral 10%
glucose solution 2 hours before surgery. Intraoperatively, pa-
tients were given general anesthesia combined with regional
block anesthesia. The CO, pneumoperitoneum pressure was
controlled at 10-12 mmHg. Postoperatively, patients could re-
ceive infiltration anesthesia with ropivacaine at the puncture
site in combination with intramuscular injections of opioids
(morphine or dezocine) to relieve pain after surgery. An an-
tiemetic agent (metoclopramide) could also be used to pre-
vent nausea and vomiting. The volume of fluid infusion was
controlled at 1000-1500 mL/day until 1-2 days after surgery.
The patients could drink water and consume liquid nutrients 6
hours after surgery and were gradually transitioned to a normal
diet. After awakening from anesthesia, the patients began to
move in bed and got out of bed 6-8 hours after surgery. The
drainage tube was routinely placed during the operation un-
til the volume of drainage fluid was less than 30 mL/day. The
T tube was removed 2 weeks after the operation.

The patients in the LC group received routine LC combined
with LCBDE treatment and preoperative information and sur-
gical nursing. They fasted for 12 hours before surgery and ab-
stained from water for 6 hours before surgery. During the op-
eration, the patients were given general anesthesia. The CO,
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pneumoperitoneal pressure was intraoperatively controlled to
be 13-15 mmHg. Postoperative analgesic pumps or intramus-
cular injections of opioids (morphine or dezocine) were used
to relieve pain. Antiemetic agents were not routinely used to
prevent nausea and vomiting. The volume of fluid infusion was
controlled to be 1500-2000 mL/d until 1-2 days after the op-
eration. After the operation, the patients fasted for approxi-
mately 24 hours, and then could drink water and eat, and were
gradually transitioned to a normal diet after demonstrating
flatus. The patients got out of bed 8-12 hours after the oper-
ation. The drainage tube was routinely placed during the op-
eration until the volume of drainage fluid was less than 30
mL/day. The T tube was removed 2 weeks after the operation.

Observational indicators

To assess stress response indicators, venous blood was drawn
from the elbow in the morning while the patient was in the
fasting state 1 day before and after surgery to measure the
white blood cell (WBC) count and C-reactive protein (CRP) levels.

To assess postoperative complications, the incidence of compli-
cations, including nausea and vomiting, incisional pain, abdom-
inal distension, fever, urinary retention, abdominal infection,
bile leakage, and bleeding, were noted. To assess postopera-
tive rehabilitation, we recorded flatus time and length of hos-
pital stay after the operation.

Statistical analyses

Statistical analysis was performed using SPSS 19.0 software.
The meantstandard deviation (x+s) was used for the measure-
ment data, the independent-sample t test was used for com-
parisons between groups, and the chi-square test was used
for the comparison of count data. Differences were considered
to be statistically significant at p<0.05.

Results

There were 64 males and 84 females in the E-LC group, with
ages 15-82 years and a median age of 55 years. There were
138 males and 159 females in the LC group, with ages 27-85
years and a median age of 59 years. The patients were diag-
nosed by pathology as having benign gallbladder disease af-
ter the operation.

There were no significant differences between the 2 groups in
sex ratio, age, duration of disease, disease type, maximum di-
ameter, or number of stones in the common bile duct (p>0.05)
(Table 1). There were also no significant differences in white
blood cell (WBC) count or C-reactive protein (CRP) between the
LC group and E-LC group 1 day before surgery. The WBC count
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Table 2. Comparison of stress response indexes between E-LC group and LC group 1 day before surgery and 1 day after surgery.

Variable

1 day before surgery 8.38+0.16 8.46+0.09 0.63

WBC COUNt (x10%/L) ool
1 day after surgery 10.50+0.16 11.98+0.11 <0.05
1 day before surgery 7.42+0.20 7.9340.18 0.07

CRP (MG/L)
1 day after surgery 24.89+0.63 28.80+0.54 <0.05

WBC — white blood cell count; CRP — C-reactive protein.

Table 3. Comparison of postoperative complication rates between E-LC group and LC group.

P value

Variable

Nausea and vomiting (%) 6 (4.05%) 35 (11.78%) <0.05
* Abdominal distension (%) 10 (676%) 24 (©08%) 062
Cincisionalpain %)) 12 @u% 55 (18.52%) - ©os
CFever®®) 13 @78%) 25 ®42%) 0%
| Urinary retention (%) 2 (135% 5 (168%) 079
 Abdominalinfection %) 3 (03%) 5 (168%) 078
Bile leakage %) o 2 &% 032
CBleeding(®) 2 @33®®w 5 (e 079

Table 4. Comparison of postoperative rehabilitation between E-LC group and LC group.

Variable

Flatus time (hours)

Hospital stay (days) 3.49+0.14 5.57+0.23

and CRP levels in the E-LC group were significantly lower than
those of the LC group 1 day after surgery (p<0.05) (Table 2).
These results suggest that implementation of the ERAS recom-
mendations can significantly reduce stress reactions.

The incidence of nausea, incisional pain, and vomiting in the
E-LC group were lower than in the LC group, and the differ-
ences were statistically significant (p<0.05). There were no sig-
nificant differences between the 2 groups in the incidence of
abdominal distension, fever, urinary retention, abdominal in-
fection, bile leakage, or bleeding (Table 3). The data in the ta-
bles indicate that use of ERAS reduced the incidence of post-
operative complications in some patients in the LC group.

Flatus time and length of hospital stay after surgery in the
E-LC group were significantly shorter than in the LC group
(p<0.05) (Table 4). The data indicated that, compared with

the conventional perioperative treatment methods of LC com-
bined with LCBDE, the application of ERAS recommendations
for LC combined with LCBDE reduced the impact of multiple
stress factors on the body, reduced the length of postopera-
tive hospital stay, accelerated recovery, and improved postop-
erative quality of life.

Discussion

LC combined with LCBDE, as a minimally invasive surgery,
can effectively reduce surgical trauma to the body, but mi-
nor stimuli such as preoperative tension and anxiety, preop-
erative fasting, mechanical bowel preparation, intraoperative
hypothermia, high intraoperative pneumoperitoneum pres-
sure, and postoperative pain can still accumulate and create
a strong stress response [8].
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Therefore, optimizing all perioperative treatment measures to
reduce the impact of stress response on the body is of great
significance for rapid recovery after surgery. At present, WBC
count and CRP levels are the most commonly used indexes of
stress response; when the body is stimulated by a stress re-
sponse, the WBC count and CRP levels increase. In this study,
the data showed that the WBC count and CRP levels of the E-LC
group and LC group were similar 1 day before surgery, and the
WBC count and CRP levels of the E-LC group were significantly
lower than in the LC group 1 day after surgery, indicating that
ERAS significantly reduced the perioperative stress response. In
this study, the incidences of nausea, incisional pain, and vomit-
ing in the E-LC group were lower than in the LC group, and the
differences were statistically significant (p<0.05). There were no
significant differences between the 2 groups in the incidence
of abdominal distension, fever, urinary retention, abdominal
infection, bile leakage, or bleeding. Our data showed that use
of ERAS reduced the incidence of postoperative complications
in patients in the LC group, and no deaths occurred in either
group, thus confirming the safety of using ERAS technology in
patients undergoing LC combined with LCBDE. Compared with
conventional perioperative treatment methods for LC combined
with LCBDE, the application of ERAS recommendations for LC
combined with LCBDE reduces the impact of multiple stress
factors on the body, thus reducing the length of postoperative
hospital stay, speeding recovery, and improving postoperative
quality of life. Our analysis shows that the reduction in stress
response is related to the factors detailed below.

Improvements in the preoperative preparation effectively re-
duced the patients’ stress response [9]. In the E-LC group, preop-
erative psychological counselling and education alleviated their
fears and anxiety, thus reducing their psychological stress re-
sponse to surgery. The patients were introduced to the surgical
and postoperative procedures and precautions in detail so that
they fully understood the LC combined with LCBDE surgery and
fully cooperated with the doctors in the treatment plan to accel-
erate their recovery. Prolonged fasting and drinking water put pa-
tients in a state of metabolic stress, leading to insulin resistance,
which is not conducive to prevention of postoperative compli-
cations. Consuming a small amount of carbohydrates 2 hours
before surgery alleviates hunger, thirst and anxiety, reduces the
incidence of postoperative insulin resistance and hyperglycemia,
and promotes postoperative intestinal function recovery [10].

De’Angelis reported on use of an innovative surgical procedure
in 14 cholelithiasis patients undergoing cholecystectomy using
microlaparoscopic surgical instruments at low pneumoperito-
neum pressure (8 mmHg) to minimize the surgical invasive-
ness and the risks related to CO, insufflation in the peritoneal
environment. They reported that no conversions or intraop-
erative or postoperative complications occurred [11]. Thus, a
low intraoperative pneumoperitoneum pressure reduced the
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effect of carbon dioxide on the body, leading to fast postop-
erative recovery.

Appropriate postoperative analgesia was beneficial in reducing
psychological stress and reducing postoperative stress response.
One study shows that long-acting anesthetics such as ropiva-
caine can achieve an analgesic effect for up to 16-24 hours [12].
At the end of the operation, ropivacaine was injected into the
incision site, which effectively relieved puncture site pain af-
ter the operation. Preventive analgesia reduces postoperative
pain and consumption of analgesics, and this appears to be the
most effective means of decreasing postoperative pain [13] and
limited the use rate of morphine analgesia in the E-LC group to
only about 8%. Khatereh Isazadehfar et al. reported that mus-
cular injection of 10 mg metoclopramide can effectively prevent
gastrointestinal reactions and reduce the occurrence of nausea
and vomiting, which is consistent with the results of the pres-
ent study [14]. Early postoperative eating mechanically stimulat-
ed the intestinal wall, promoted bowel movements, shortened
the flatus time, and reduced the amount of fluid infusion; early
resumption of eating reduced the incidence of pulmonary, ab-
dominal, and incisional infections and shortened the length of
hospital stay. The early return to a normal diet did not increase
the incidence of vomiting. Early postoperative resumption of
eating was supplemented with sufficient glucose and amino
acids to ensure normal protein synthesis, as adequate protein
is required for the body to quickly repair wounds and restore
physical fitness. Getting out of bed early prevented the forma-
tion of venous thrombosis and improved the patients’ post-
operative experience, and getting out of bed early and eating
early shorten the postoperative recovery time [15]. Getting out
of bed early for activities is beneficial to the recovery of gas-
trointestinal function, thereby reducing the incidence of post-
operative complications [16]. A previous study reported that,
compared with traditional care, ERAS programs were associat-
ed with significantly decreased overall complications and hos-
pital length of stay [17], which is consistent with our research.

Conclusions

Use of ERAS provides positive psychological and physiological
support and improves psychological and physiological stress lev-
els, which in turn promotes better recovery. The combination of
LC and LCBDE suggested by ERAS is safe and effective and can
reduce the stress response generated by patients during the
perioperative period, accelerate postoperative rehabilitation,
and shorten hospital stay. Therefore, ERAS is a good perioper-
ative treatment method worth implementing in patients who
underwent LC combined with LCBDE. The sample size of our
study was relatively small, and the benefits of ERAS for patients
who underwent LC combined with LCBDE remains to be verified
by future randomized, controlled, large-sample, clinical trials.
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