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Abstract

Background: Our objective was to evaluate the impact of multimodal analgesia based enhanced recovery protocol
on quality of recovery after laparoscopic gynecological surgery.

Methods: One hundred forty female patients scheduled for laparoscopic gynecological surgery were enrolled in
this prospective, randomized controlled trial. Participants were randomized to receive either multimodal analgesia
(Study group) or conventional opioid-based analgesia (Control group). The multimodal analgesic protocol consists
of pre-operative acetaminophen and gabapentin, intra-operative flurbiprofen and ropivacaine, and post-operative
acetaminophen and celecoxib. Both groups received an on-demand mode patient-controlled analgesia pump
containing morphine for rescue analgesia. The primary outcome was Quality of Recovery-40 score at postoperative
day (POD) 2. Secondary outcomes included numeric pain scores (NRS), opioid consumption, clinical recovery, C-
reactive protein, and adverse events.

Results: One hundred thirty-eight patients completed the study. The global QoR-40 scores at POD 2 were not
significantly different between groups, although scores in the pain dimension were higher in Study group (32.1 ±
3.0 vs. 31.0 ± 3.2, P = 0.033). In the Study group, NRS pain scores, morphine consumption, and rescue analgesics in
PACU (5.8% vs. 27.5%; P = 0.0006) were lower, time to ambulation [5.0 (3.3–7.0) h vs. 6.5 (5.0–14.8) h; P = 0.003] and
time to bowel function recovery [14.5 (9.5–19.5) h vs.17 (13–23.5) h; P = 0.008] were shorter, C-reactive protein
values at POD 2 was lower [4(3–6) ng/ml vs. 5 (3–10.5) ng/ml; P = 0.022] and patient satisfaction was higher (9.8 ±
0.5 vs. 8.8 ± 1.2, P = 0.000).

Conclusion: For minimally invasive laparoscopic gynecological surgery, multimodal analgesia based enhanced
recovery protocol offered better pain relief, lower opioid use, earlier ambulation, faster bowel function recovery and
higher patient satisfaction, while no improvement in QoR-40 score was found.

Trial registration: ChiCTR1900026194; Date registered: Sep 26,2019.
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Background
Enhanced recovery after surgery (ERAS) is a standard-
ized, multidisciplinary protocol delivered to surgical pa-
tients aimed to reduce stress response, improve patient
recovery and optimize surgical outcome after surgery.
The ultimate endpoint of this program is to allow pa-
tients to restore functional capacity and resume daily ac-
tivities rapidly. The ERAS protocols have been adopted
for colorectal, gastric, urologic and pancreatic surgeries
and improved patient outcomes including fewer compli-
cations, shorter length of hospital day and lower costs
have been demonstrated [1–4].
Laparoscopic surgery is a minimally invasive proced-

ure and an increasing number of gynecological surgeries
are performed laparoscopically. Though less trauma in-
jury, significant abdominal and shoulder pain is common
during the early postoperative period and strong analge-
sics including opioids are required [5]. At the meantime,
female patients undergoing laparoscopic surgery are high
risk population for postoperative nausea and vomiting
(PONV) and the incidence could be as high as 80% [6].
Multimodal pain management with nonopioids agents
or regional anesthesia may improve analgesic efficacy
and reduce opioids related adverse effects such as
PONV. Hence, more benefit could be expected from
multimodal pain management in this population.
Some retrospective studies have described the imple-

mentation of ERAS program for gynecological surgery
and revealed outcomes focus on length of stay, narcotic
requirement, and hospital cost. No randomized con-
trolled trials have investigated the effect of an enhanced
recovery pathway on patient quality of recovery (QoR)
for laparoscopic gynecological surgery [7–10].
Thus, the primary goal of this randomized clinical trial

was to investigate if multimodal analgesic regimen, as a
part of enhanced recovery protocol, could improve pa-
tient recovery after gynecological laparoscopy. The Qual-
ity of Recovery 40 (QoR-40) questionnaire is a valid and
reliable measurement used to assess the degree of recov-
ery after different surgical types and anesthetic tech-
niques. It provides a patient-assessed health status
through five dimensions. We hypothesized that multi-
modal analgesic regimen would improve patient-
reported recovery when compared with conventional
pain control method. The primary outcome was QoR-40
score assessed at postoperative day (POD) 2. Secondary
endpoints were morphine consumption, pain scores,
time to functional recovery, serum marker of the surgi-
cal inflammatory response, and incidence of PONV dur-
ing the first 48 h after surgery.

Methods
This was a prospective, randomized clinical trial. This
study was approved by the Ethics Review Board of

Peking University First Hospital, Peking, China (No.
2019–173) in August 2019 and written informed consent
was obtained from all patients before enrollment in the
study. The trial was registered prior to patient enroll-
ment at Chinese Clinical Trial Registry (Registration
NO. ChiCTR1900026194; Principal investigator, Zhiyu
Geng; Date of registration: Sep 26, 2019). This manu-
script adheres to the applicable CONSORT guidelines.

Study population
Female patients aged 18–65 years old with American So-
ciety of Anesthesiologists (ASA) physical status I-II,
scheduled for elective laparoscopic gynecological surgery
for a benign indication were assessed for eligibility. Ex-
clusion criteria were ASA physical status III or more,
pre-existing hepatic (liver enzymes more than two times
normal values), renal (estimated glomerular filtration
rate < 60 mL/min/1.73m2) or bowel disease, current use
of corticosteroid or opioid analgesic, allergy or contra-
indication to any drug used in the study, pregnant,
breasting, or refuse to participate the study.

Randomization and blinding
This is a randomized patient and assessor-blinded con-
trolled trial. After written informed consent, participants
were randomly assigned to Study group or Control
group. Randomization was carried out using a
computer-generated random number list on a 1:1 ratio
by statistician, and group assignment was performed by
opaque, sealed envelopes prepared by a research nurse
not involved in the study. All outcome assessments and
perioperative data collection were performed by a re-
search assistant not involved with patients care and
blinded to the group allocation throughout the study
period.

Anesthetic technique
On arrival in the operating room, routine monitoring in-
cluded non-invasive blood pressure, pulse oximetry,
electrocardiogram and bispectral index (BIS) were ap-
plied in both groups. All patients received general
anesthesia and mechanical ventilation. Induction of
anesthesia was performed with midazolam 0.03 mg/kg,
propofol 1.5-2 mg/kg and remifentanil target effect site
concentration 3 ng/ml. Rocuronium 0.6 mg/kg was ad-
ministered to facilitate the Supreme laryngeal mask in-
sertion. Anesthesia maintenance was achieved with
continuous infusion of propofol 5–6 mg/kg/h and remi-
fentanil 3-4 ng/ml, titrated to maintain mean blood pres-
sure within 20% of baseline, and BIS values between 40
and 60. Oxygen and air were administered in a ratio of
1:1 and ventilation was controlled to maintain an end-
tidal carbon dioxide partial pressure between 35 and 55
mmHg. The maintenance fluid was Lactate Ringer’s
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solution. Intraoperative fluid administration was based
on change in hemodynamic parameters throughout the
surgery. Dual antiemetic agents were given, including
dexamethasone 5 mg after induction and tropisetron 5
mg prior the end of the surgery. All procedures were
performed by two senior gynecological surgeons to en-
sure conformity. On completion of surgery, patients
were extubated and transferred to the post-anesthesia
care unit (PACU) for observation.

Interventions
Patients in the Study group received multimodal pain
regimen, including oral acetaminophen 650 mg and oral
gabapentin 600 mg 2 h before surgery, 1% ropivacaine
10ml trocar areas infiltration after skin closure, two
doses of intravenous flurbiprofen 50 mg (at the end of
surgery and 6 h postoperatively), oral acetaminophen
(650 mg every 8 h) and celecoxib (200 mg every 12 h) on
postoperative day (POD) 1–2. Following elements of
ERAS program were also applied: no mechanical and
oral bowel preparation, clear carbohydrate beverage (5
ml/kg) allowed up to 2 h before surgery, fluids limited to
less than 2 L of crystalloids, normothermia maintained,
early oral diet and early ambulation.
Patients in the Control group received our conven-

tional analgesia. A single dose of intravenous flurbipro-
fen 50mg was administered 30 min before the end of
the procedure. Preoperative intervention included rou-
tine bowel preparation and no oral fluid was allowed
prior to surgery.
During the first 48 h, all patients were provided mor-

phine patient-controlled analgesia (PCA) for rescue anal-
gesia (no basal infusion, 1 mg bolus with a 6-min
lockout, and started in the PACU). Pain intensity was
assessed using an 11-point numeric rating scale (NRS: 0
meant no pain, and 10 was the worst pain imaginable)
by an investigator blinded to group allocation. Add-
itional IV morphine was given for NRS pain score ≥ 4.
Sedation levels were assessed using the Ramsay sedation
scale (1 = agitated and uncomfortable, 2 = co-operative
and orientated, 3 = can follow simple directions, 4 =
asleep but strong response to stimulation, 5 = asleep and
slow response to stimulation, 6 = asleep and no response
to stimulation). Over sedation was defined as a sedation
score ≥ 4 [11]. Nausea or vomiting was treated with tro-
pisetron or metoclopramide. Rescue antiemetics were
administered on the following conditions: two or more
episodes of vomiting or retching, any nausea lasting for
more than 30 min, a ‘severe’ degree of nausea or when-
ever treatment was requested by the patient.

Outcome measures
The primary outcome was QoR-40 score on POD 2. The
questionnaire contains 40 questions examining five

domains of patient recovery: emotional status, physical
comfort, psychological support, physical independence,
and pain. Each question uses a 5-point Likert scale as
follows: none of the time, some of the time, usually,
most of the time, and all the time. The global QoR-40
scores range from 40 to 200, representing very poor to
outstanding quality of recovery. QoR-40 is the most
common used evaluation method of postoperative recov-
ery and has been widely validated for different type of
surgery and anesthetic technique [12–14].
The secondary outcomes included NRS scores, cumu-

lative morphine consumption, requirement for rescue
analgesic, time to first ambulation, time to tolerate solid
diet and time to return of bowel function (passage of fla-
tus). Serum C-reactive protein (CRP) at POD 2, and any
adverse events such as PONV, over sedation, dizziness
and fever (body temperature ≥ 38 °C) were also
documented.
All data were collected by an investigator who was

blinded to the group assignment and not involved in pa-
tient’s perioperative care. The 48 h observation period
started at the time of removal of the laryngeal mask air-
way. The researcher assessed the patients in the PACU,
at 2 h, 6 h, 24 h and 48 h postoperatively.

Statistical analysis
The Shapiro-Wilk and Kolmogorov-Smirnov tests were
used to test the hypothesis of normal distribution. Nor-
mally distributed continuous variables were described as
means ± standard deviation (SD), and analyzed with a
two-sided independent t-test. Non-normally distributed
variables were described as median (interquartile range
[IQR]), and analyzed using the Mann–Whitney U test.
Categorical variables were described as number (per-
centage) and analyzed using the Chi square test or Fish-
er’s exact test as appropriate. For postoperative
cumulative morphine consumption and NRS scores, a
Bonferroni correction for multiple between-group com-
parisons was used to control for false positive rates.
All statistical analysis was performed using the SPSS

22.0 software (SPSS, Inc., Chicago, Illinois, USA). A two-
sided P value less than 0.05 was considered statistically
significant. For cumulative morphine consumption and
NRS scores, 4 comparisons were adjusted and P value
less than 0.05/4 = 0.013 was considered statistically
significant.
The sample size was calculated according to data from

previous studies [14–17]. Among these studies, the
standard deviations or interquartile ranges of the post-
operative global QoR-40 score were 26 in female pa-
tients undergoing diverse surgery, 19 or 21 in
gynecological surgical patients,17 or 22 in thyroid surgi-
cal patients. A 10-point difference between groups rep-
resents a clinically relevant improvement in quality of
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recovery [14–16]. Assumed a common standard devi-
ation of 20, a sample size of 64 patients per group was
estimated to achieve 80%power to detect a difference for
the two study groups at α 0.05 significance level. To
allow for a possible10% dropout rate, 140 subjects were
recruited and randomized.

Results
Of the one hundred and forty-six patients assessed for
eligibility, six patients were excluded because of not
meeting inclusion criteria. One hundred and forty sub-
jects were randomized and 138 completed the study.
Two patients were excluded after enrollment due to lost
to follow-up (n = 1 patient, Study group) or protocol vio-
lation (n = 1 patient, Control group). The CONSORT
flow diagram was presented in Fig. 1.
The patient demographics and surgical data were not

significantly different between the two groups (Table 1).
The primary outcome of the global QoR-40 score at
POD 2 was not significantly different between two
groups. The mean QoR-40 scores was 184.8 ± 13.0 in the
Study group and 182.7 ± 12.4 in the Control group (P =
0.338). Nonetheless, when the five dimensions was ana-
lyzed separately, the score in the pain dimension was
higher in the Study group (32.1 ± 3.0 vs. 31.0 ± 3.2, P =
0.033) (Table 2).

Comparing with the Control group, the NRS pain
scores were significant lower in the Study group at all
time points postoperatively (P = 0.000). In PACU, more
patients in the Control group required rescue analgesics
for moderate pain (27.5% vs. 5.8%; P = 0.0006). Total
morphine consumption throughout the study period was
significantly less in the Study group when compared
with the Control group [3 (1–4.5) vs. 5 (3–7.5), P =
0.033].
There was no difference between the two groups re-

garding the incidence of PONV [(15.9% vs. 20.3%); P =
0.507)]. In addition, the rate of rescue antiemetic medi-
cation, adverse events such as fever and dizziness were
also similar between study groups (Table 3).
Compared to the Control group, median time to am-

bulation [5.0 (3.3–7.0) h vs. 6.5 (5.0–14.8) h; P = 0.003]
and time to return of bowel function [14.5 (9.5–19.5) h
vs.17 (13–23.5) h; P = 0.008] were shorter, CRP values
on POD2 was lower [4(3–6) ng/ml vs. 5 (3–10.5) ng/ml;
P = 0.022], and patient satisfaction was higher (9.8 ± 0.5
vs. 8.8 ± 1.2, P = 0.000) in the Study group. (Table 4).

Discussion
This prospective randomized clinical trial investigated
the impact of multimodal analgesia, as a part of en-
hanced recovery protocol, on quality of recovery after
laparoscopic gynecological surgery. Our results revealed

Fig. 1 CONSORT flow diagram
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similar global QoR-40 score on POD 2 in multimodal
analgesic group, although better pain relief, lower mor-
phine consumption, earlier ambulation, and faster bowel
function recovery were achieved when compared to con-
ventional opioid analgesic group.
The QoR-40 questionnaire is a valid and reliable

measurement used to assess the degree of recovery
after different surgical types and anesthetic techniques.
It provides a patient-assessed health status through five
dimensions. A negative association between the global
score and duration of hospital day was demonstrated in
different types of surgery [14]. Contrary to our expect-
ation, we found no significant difference between two
groups regarding QoR-40 score, although lower pain
score and decreased opioid use were achieved in the
study group. Similar to our findings, other clinical trials
also had negative outcomes. Kamiya and colleagues

[18] evaluated the effect of pectoral nerve block on
quality of recovery after breast cancer surgery. Al-
though the pectoral nerve block improved pain score at
6 h postoperatively, the QoR-40 score on POD 1 was
not improved. Fujimoto and colleagues [19] demon-
strated no improvement in quality of recovery or post-
operative analgesia for patients received single-shot
posterior quadratus lumborum blockade (QLB) after
laparoscopic gynecological surgery. The median QoR-
40 score was 154 (133–168) in the QLB group and 158
(144–172) in the control group (P = 0.361) respectively.
Another study also showed no significant difference in
QoR-40 scores when utilizing the TAP block on laparo-
scopic hysterectomy patients. The overall QoR-40 score
was 168 (125–195) in the transverses abdominis plane
(TAP) block versus 169.5 (116–194) in the no-block
group [20].

Table 1 Patient characteristics and surgical data

Study Group (n = 69) Control Group (n = 69) P value

Age (year) 39.7 ± 10.5 40.3 ± 11.3 0.762

Height (cm) 162.2 ± 4.8 160.7 ± 5.7 0.083

Weight (kg) 63.0 ± 11.1 60.6 ± 9.7 0.184

BMI (kg/m2) 23.9 ± 4.0 23.5 ± 3.4 0.468

ASA physical status I/II (n) 38/31 41/28 0.606

Apfel score for PONV risk (n/%) 0.816

1 0 0

2 4 (5.8) 3 (4.3)

3 53 (76.8) 56 (81.2)

4 12 (17.4) 10 (14.5)

Average number of risk scores 3.1 (0.5) 3.1 (0.4) 0.850

Type of surgery (n/%) 0.336

LSO 30 (43.5) 36 (52.2)

LM 14 (20.3) 8 (11.6)

LH ± LS 25 (36.2) 25 (36.2)

Anesthesia time (min) 72 (58.5–89.5) 80 (58.5–106) 0.112

Operation time (min) 55 (40.5–71.5) 60 (42–86.5) 0.083

Data are presented as mean ± standard deviation, median (interquartile range), or number of patients (%) where appropriate
Abbreviations: ASA American Society of Anesthesiologists, BMI Body mass index, LSO Laparoscopic salpingo-oophorectomy, LH Laparoscopic hysterectomy, LS
Laparoscopic salpingectomy, LM Laparoscopic myomectomy

Table 2 Dimensions of the QoR-40 Questionnaire on POD 2

Study Group (n = 69) Control Group (n = 69) Mean difference (95% CI) P value

Global QoR-40 score 184.8 ± 13.0 182.7 ± 12.4 2 (−1, 7) 0.338

Emotional state 40.3 ± 5.2 39.7 ± 4.5 1 (0, 2) 0.474

Physical comfort 55.3 ± 4.4 54.7 ± 4.1 1 (−1, 2) 0.446

Psychological support 33.5 ± 2.5 33.8 ± 2.2 0 (0, 0) 0.594

Physical independence 23.7 ± 2.3 23.5 ± 2.5 0 (0, 0) 0.575

Pain 32.1 ± 3.0 31.0 ± 3.2 1 (0, 2) 0.033

Data are presented as mean ± standard deviation
Abbreviations: POD Postoperative day
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Postoperative pain can potentially influence QoR-40
scores [17, 21]. Two studies have suggested that pre-
operative TAP block was associated with reduced pain
intensity and better quality of recovery in patient under-
going laparoscopic gynecological surgery, an inverse re-
lationship between 24 h opioids consumption and time
to discharge readiness was also demonstrated [22, 23].
Multimodal analgesic strategy with nonopioids anal-

gesic results in better analgesia, less opioid use, and en-
hanced recovery. Beneficial effects after laparoscopic
surgery have been shown in previous studies. Kell and
colleagues [24] performed a cohort study on laparo-
scopic colorectal resection patients, finding significantly
less intraoperative fentanyl, lower PACU pain scores and
shorter length of stay in multimodal pain management
including TAP block and local peritoneal infiltration
with long-acting liposomal bupivacaine. Ng and col-
leagues [25] conducted a retrospective study involving
one hundred and fifty-eight patients who underwent lap-
aroscopic sleeve gastrectomy. They found that

multimodal analgesic protocol reduced incidence of opi-
oid related adverse events, provided effective pain relief
even with less postoperative opioid use.
In our study, we used a multimodal analgesic protocol

including acetaminophen, gabapentin, ropivacaine, NSAI
Ds and dexamethasone in study group. Wound infiltra-
tion with local anesthetics decreased abdominal pain,
and systemic inflammatory pain may be controlled by
NSAIDs and corticosteroids. Consequently, we found
lower pain score, less opioid use, lower CRP value,
shorter time to ambulation, and faster bowel function
recovery in multimodal analgesic group.
However, we failed to demonstrate any improvement

in QoR-40 score when utilizing multimodal analgesic
protocol on laparoscopic gynecological patients. We
speculated that the negative result might be attributed to
overall low pain scores in minimally invasive laparo-
scopic surgeries. Our results showed that pain intensity
was maximal in the first 6 h after surgery, and gradually
declined to low levels within the first 2 days of surgery.

Table 3 Postoperative pain management and adverse events

Study Group (n = 69) Control Group (n = 69) Median difference (95% CI) P value

NRS scores at PACU admission 1 (1–2.5) 4 (3–5) −3 (−3, − 2) 0.000 *

NRS at 2 h 1 (1–2) 3 (3–3) −2 (− 2, − 2) 0.000 *

NRS at 6 h 1 (1–2) 2 (2–3) −1 (− 2, − 1) 0.000 *

NRS at 24 h 1 (1–1) 2 (1–3) −1 (− 1, − 1) 0.000 *

NRS at 48 h 0 (1–1) 1 (1–1) −1 (− 1, − 1) 0.000 *

Rescue analgesics in PACU (n/%) 4 (5.8) 19 (27.5) 0.0006

Total morphine consumption in PACU (mg) 1 (1–2) 2 (2–4) −1 (− 2, − 1) 0.000 *

Total morphine consumption in 24 h (mg) 2 (1–3.5) 4 (3–7) − 2 (− 3, − 1) 0.000 *

Total morphine consumption in 48 h (mg) 3 (1–4.5) 5 (3–7.5) −2 (− 3, − 1) 0.000 *

PACU sedation (n/%) 5 (7.2) 0 0.068

PONV 0-48 h (n/%) 11 (15.9) 14 (20.3) 0.507

Rescue antiemetics 0-48 h (n/%) 2 (2.9) 2 (2.9) 0.612

Postoperative fever (n/%) 3 (4.3) 5 (7.2) 0.716

Postoperative dizziness (n/%) 8 (11.6) 11 (15.9) 0.459

Data are presented as median (interquartile range)
Abbreviations: NRS Numeric rating scale, PACU Post-anesthesia care unit, PONV Postoperative nausea and vomiting, CI Confidence interval
*P < 0.013, the Mann-Whitney U test with Bonferroni correction

Table 4 Postoperative recovery data

Study Group (n = 69) Control Group (n = 69) Median difference (95% CI) P value

Time to ambulation (h) 5.0 (3.3–7.0) 6.5 (5.0–14.8) −2.0 (−3.0, −0.5) 0.003

Time to first solid diet (h) 7.0 (6–8.0) 19.0 (16.0–21.0) −12.0 (− 13.0, − 10.5) 0.000

Time to removal of urinary catheter (h) 8.0 (5.5–48) 26.5 (23.0–47.0) −15.0 (− 19.0, − 1.0) 0.014

Time to return of bowel function (h) 14.5 (9.5–19.5) 17.0 (13.0–23.5) −3.0 (− 5.5, − 1.0) 0.008

CRP on POD2 (ng/ml) 4.0 (3.0–6.0) 5.0 (3.0–10.5) −1.0 (− 2.0, 0) 0.022

Data are presented as median (interquartile range) or number of patients (%)
Abbreviations: CRP C-reactive protein, POD Postoperative day
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Although one point difference in pain score was statisti-
cally significant, it was likely not clinically significant
thus make difference in quality of recovery.
Additionally, it is important to note that, not only

nociceptive stimulus from tissue trauma, but also other
factors such as socio-culture and individual characteris-
tics may affect subjective pain perception. Wolmeister
and colleagues [26] demonstrated that individuals with
elevated preoperative emotional stress present higher
postoperative pain levels. Person and colleagues [27]
suggested that women with high stress-coping abilities
have a better outcome in general well-being than women
with low stress-coping capacity. Among five dimensions
of the QoR-40, pain, physical comfort, and physical inde-
pendence were mainly affected by surgery, while emo-
tional state and psychological support were likely to be
influenced by individual characteristics.
There are some limitations to this study. First, this was

a single-center study, and our cohort was relatively
young. We excluded patients with significant comorbidi-
ties or chronic pain conditions. Hence, potentially
greater benefits may have been found if more diverse pa-
tients had been included. Secondly, since preoperative
QoR-40 scores may not be suitable for comparing recov-
ery after surgery, multiple postoperative evaluations
would be better for obtaining meaningful results. Future
studies should focus perioperative psychological factors
to further improve postoperative quality of recovery.

Conclusions
For minimally invasive laparoscopic gynecological sur-
gery, multimodal analgesia based enhanced recovery
protocol offered better pain relief, lower opioid use, earl-
ier ambulation, faster bowel function recovery and
higher patient satisfaction, although no improvement in
QoR-40 score was found.
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