
Enhanced recovery after surgery protocols in functional endoscopic

Original Article
sinus surgery for patients with chr
onic rhinosinusitis with nasal
polyps: a randomized clinical trial

1 1 1 2 1 1 3 1
Xi-Fu Wu , Wei-Feng Kong , Wei-Hao Wang , Lian-Xiong Yuan , Hui-Qing Xu , Min Qi , Shao-Li Zhou , Qin-Tai Yang
1Department of Otolaryngology Head and Neck Surgery, the Third Affiliated Hospital of Sun Yat-sen University, Guangzhou, Guangdong 510630, China;
2Department of Scientific Research, the Third Affiliated Hospital of Sun Yat-sen University, Guangzhou, Guangdong 510630, China;
3Department of Anesthesiology, the Third Affiliated Hospital of Sun Yat-sen University, Guangzhou, Guangdong 510630, China.

Abstract

ols are a series of perioperative care to optimize preoperative
Background: Enhanced recovery after surgery (ERAS) protoc
preparation, prevent postoperative complications, minimize stress, and speed up recovery. This study aimed to assess the impact of
ERAS protocols for functional endoscopic sinus surgery (FESS) in patients with chronic rhinosinusitis with nasal polyps (CRSwNP).
Methods: One hundred and two patients with CRSwNP undergoing FESS were randomly divided into the ERAS group and the
control group. The outcomes of the Self-Rating Anxiety Scale (SAS), Visual Analogue Scale (VAS), Medical Outcomes Study Sleep
Scale (MOS-SS) and Kolcaba Comfort Scale Questionnaire (GCQ) were determined in both groups. The serum levels of C-reactive
protein (CRP) were compared preoperatively and 24hours postoperatively.
Results: The ERAS group had a significantly better SAS scores than did the control group (28 [24, 35] vs. 43 [42, 47], Z=5.968, P<
0.001). The rhinalgia and headache scores at 2, 24 and 48hours postoperatively were lower in the ERAS group than that in the
control group (all P<0.001). The outcomes of theMOS-SS (43 [42, 39] vs. 28 [22, 35], Z=7.071, P<0.001) and GCQ (76 [68, 87]
vs. 64 [50, 75], Z=4.806, P<0.001) were significantly different between the two groups. No significant difference was found in
the preoperative CRP levels between the two groups (1.3 [0.6, 2.8] vs. 0.5 [0.5, 1.2], Z=3.049, P>0.05); However, the CRP level in
24hours postoperatively was significantly lower in the ERAS group than that in the control group (2.5 [1.4, 3.9] vs. 6.6 [3.8, 9.0],
Z=5.027, P<0.001). The incidence rates of complications, such as nausea/emesis (x2=0.343, P>0.05), hemorrhage, aspiration
and tumble, were not increased in the ERAS group compared with those in the control group. The ERAS group had a significantly
shorter length of hospital stay (5 [4, 5] days vs. 8 [8,9] days, Z=8.939, P<0.001) and hospitalization expenses ($ 2670 [2375,
2740] vs. $3129 [3116, 3456], Z=8.514, P<0.001).
Conclusions: ERAS protocols might optimize FESS for patients with CRSwNP by reducing psychological and physical stress,
shortening the length of hospital stay and lowering hospitalization expenses without increasing postoperative complications.
Trial registration:Chinese Clinical Trial Registry, No. ChiCTR1800015791; http://www.chictr.org.cn/showproj.aspx?proj=26872
Keywords: Enhanced recovery after surgery; Chronic rhinosinusitis; Perioperative period; Quality of life

being developed in China, and very few reports of ERAS in
Introduction
Otolaryngology have been published.
Enhanced recovery after surgery (ERAS) is a series of
optimized protocols adopted in the perioperative phase to
reduce psychological and physical stress reactions. The
hospitalization experience and quality of life can be
potentially improved, and the total length of hospital stay
and hospitalization expenses can be reduced.[1] Recently,
ERAS protocols have been introduced in orthopedics,
cardiothoracic surgery, gynecology and obstetrics, urinary
and general surgery. However, ERAS protocols are still
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Chronic rhinosinusitis (CRS) is a chronic local inflamma-
tory disease with a relatively high incidence. The global
incidence of CRS ranges between 5% and 12%,[2] and the
incidence in China ranges between 2%and 8%.[3] CRS can
be divided into 2 types: chronic rhinosinusitis with nasal
polyps (CRSwNP) and chronic rhinosinusitis without
nasal polyps (CRSsNP). The most commonly recom-
mended treatment for CRSwNP is comprehensive treat-
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ment centering on functional endoscopic sinus surgery
(FESS). Our study was designed to explore the benefits of

tous diseases; patients had chronic diseases including
hypertension, tuberculosis, heart disease, asthma, or
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ERAS protocols in patients with CRSwNP undergoing
FESS.

Methods
Protocols for ERAS group
Ethical approval

The study was approved by the Ethics Committee of the
Third Affiliated Hospital of Sun Yat-sen University (No.
[2018]02-011-01) and registered with the Chinese Clinical
Trial Registry (No. ChiCTR1800015791). Informed
consent forms were obtained from all patients.

Subjects
 Preoperative treatment

Intraoperative treatment

tio
One hundred and two patients undergoing FESS were
collected fromJanuary 2018 toApril 2018 in theDepartment
of Otolaryngology at the Third Affiliated Hospital of Sun
Yat-sen University. The subjects were divided randomly into
the ERAS group and the control group using a random
number table. The ERAS group included 38 males and 14
femalesbetween20and59yearsof agewithanaverageageof
(40.0±10.0) years, and the control group included 39 males
and 11 females between 18 and 57 years of age with an
average age of (38.8±10.0) years.

CRSwNP was diagnosed according to the European
Position Paper on Rhinosinusitis and Nasal Polyps 2012
(EPOS2012).[4]

Inclusioncriteria:patients confirmedCRSwNPbypathology;
patients presented with different degrees of nasal congestion,
snot, headache, hyposmia and other clinical symptoms;
failure of conservative treatment; patients had no history of
FESS before and performed FESS by the same surgeon, and
theoutcomesof thequestionnaireswere collectedby the same
researcher; age between 18 and 60 years.

Exclusion criteria: patients suffered from nasal diseases
including ciliary dysfunction, cystic fibrosis or granuloma-

Table 1: Enhanced recovery after surgery programs include a combina

optimize preoperative preparation, prevent postoperative complicatio

Elements of perioperative care

Preoperative phase
Education
Fasting food
Carbohydrate taking
Pain management

Intraoperative phase
Analgesia management
Pain management
Temperature monitor
Fluid management

Postoperative phase
Pain management
Food taking
Out of bed

ERAS: Enhanced recovery after surgery; NSAID: Nonsteroidal anti-inflamm
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psychological disorders who are unsuitable for
surgery.

Additionally, patients were excluded if the required data
were not completely collected or the treatment failed to
progress during the study.
ERAS group was scheduled for optimized perioperative
treatment [Table 1].
A presurgical verbal explanation of ERAS treatment and
preoperative counseling were given to each patient in this
group. Antianxiety drugs were administered to improve
sleeping quality as needed. If the patient had no contra-
indications, a nonsteroidal anti-inflammatory drug
(NSAID; i.e., 80mg of loxoprofen) was administered the
night before surgery to induce preventive analgesia. Before
the patients were taken to the operating room, they fasted
for 8hours from solids and 2hours from fluids and had a
carbohydrate drink (Outfast, 300 mL or 5mL/kg, Yichang
Renfu Pharmaceutical Co. Ltd, China) 2hours before
surgery.
A preventive antibiotic was given 30 minutes before
surgery. Short-acting sedatives and short-acting opioid
analgesics were given during surgery. Topical tetracaine
anesthesia and local lidocaine infiltration anesthesia were
applied to the nasal mucosa before surgery. The body
temperature was monitored to avoid intraoperative
hypothermia (<36 °C). The intraoperative fluid volume
was also restricted. The crystalloid solution was reduced
when moderate colloid fluid was given. After the operation

n of elements of perioperative care for elective surgery with an aim to

ns, minimize stress and speed up recovery

ERAS Protocols

ERAS protocols were explained
Fasting from solid for 8h and fluid 2 h
2h before surgery
NSAID was given the night before surgery

Short-acting sedative and opioid analgescis were given
Topical tetracaine and lidocaine were administrated
Avoid hypothermia
Fluid and saline infusions were reduced

NSAID was given twice after surgery
2h after surgery
2h after surgery

atory drug.
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was finished, degradable hemostatic material (i.e., Naso-
pore) was used for nasal packing.

The data were collected after the questionnaires were
completed.
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Postoperative treatment
Bed rest, electrocardiograph monitoring and oxygen
inhalation therapy were given for 2hours. A NSAID (i.e.,
50mg of flurbiprofen axetil by intravenous injection) for
preventive analgesia was given at 2hours and 12hours
postoperatively. After 2hours, the patients were encour-
aged to have warm and soft food; the patients could
increase the amount and frequency of food intake
according to their gastrointestinal tract tolerance.
They were also encouraged to engage in out-of-bed
activities that were guided according to their recovery
conditions.

Protocols for control group
The control group was scheduled for traditional perioper-
ative treatment.

Preoperative treatment
An ordinary presurgical explanation was given to each
patient in this group. Psychological counseling and
antianxiety drugs were administered to improve sleep
when necessary. No preventive analgesia measures were
taken. According to the ordinary preoperative fasting
guidelines, the patients fasted from both food and fluids for
at least 8hours before surgery.

Intraoperative treatment
A preventive antibiotic was given 30 minutes before
surgery. A long-acting sedative and long-acting opioid
analgesic were given during the operation. Traditional
treatment was applied to the nasal mucosa before surgery.
The intraoperative fluid volume and body temperature
were not monitored. The volume was guided by
preoperative evaluation of the patients. After the operation
was finished, non-degradable hemostatic material (i.e.,
Merocel) was used for nasal packing.

Postoperative treatment
Bed rest, electrocardiograph monitoring and oxygen
inhalation therapy were given for at least 6hours. No
preventive analgesia was given after the operation except
as needed. After 6hours, the patients were allowed to take
food and fluids and engage in out-of-bed activities under
guidance according to their conditions.
Observation indices
Questionnaires

Questionnaires including the Self-Rating Anxiety Scale
(SAS), Kolcaba General Comfort Questionnaire (GCQ)
and Medical Outcomes Study Sleep Scale (MOS-SS) were
given to each patient, and the same guidance was offered.
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Visual analogue scale
The Visual Analogue Scale was used to assess the patients’
rhinalgia and headache symptoms at 2, 24, and 48hours
postoperatively.

C-reactive protein
C-reactive protein (CRP) was obtained from the serum of
patients before the operation and 24hours postoperatively
to evaluate the inflammatory condition.

Postoperative complications
Postoperative complications, such as nausea/emesis,
hemorrhage, aspiration and dizziness, were treated and
recorded if they were observed. The total length of the
hospital stay and the hospitalization expenses were
calculated upon discharge.

Discharge criteria
The ERAS group adopted an ERAS criterion. The patients
resumed their regular diets completely, and no infusion
treatment was needed; the patients finished the first
postoperative endoscopic cleaning of the nasal cavities
on the second day; the patients had no complications and
could mobilize adequately compared to their preoperative
ability; the patients agreed to continue rehabilitation
treatment and postoperative follow-up visits.

The control group adopted an ordinary criterion. The
patients were discharged on the fourth or fifth day with no
complications, the day after the first postoperative
endoscopic cleaning of the nasal cavities.

Statistical analysis
Values were expressed as mean± standard deviation,
median (quantile), or n. The IBM-SPSS v.20 (SPSS Inc.,
Chicago, IL, USA) statistical software package was used
for data processing and analysis. Normal distributed
continuous variables were expressed as mean and standard
deviation, and group differences were evaluated through
independent sample t-test, otherwise, median and inter-
quartile range and non-parametric test were used respec-
tively. Categorical data (such as the incidence of
postoperative complications) were expressed as frequency
and analyzed by the Chi-square test. P<0.05 was
considered statistically significant.

Results
Preoperative psychological states

Based on the SAS scores, patients in the ERAS group had a
significantly better psychological states than did patients in
the control group (28 [24, 35] vs. 43 [42, 47], Z=5.968,
P<0.001) [Table 2].
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Postoperative pain

Table 2: Characteristics of patients in the ERAS group and control group and data analysis in the perioperative phase

Characteristics ERAS group (n=52) Control group (n=50) Statistics P

Male/female 38/14 39/11
Age (years) 40.0±10.0 38.8±10.0 0.626

∗
0.533

Preoperative phase
Lund-Kennedy (unilateral, score) 2.5 (2.0, 3.0) 2.0 (2.0, 3.0) 0.815† 0.415
Lund-Mackay (unilateral, score) 8.0 (8.0, 9.8) 8.5 (8.0, 10.0) 0.581† 0.561
SAS (score) 28 (24, 35) 43 (42, 47) 5.968† <0.001

Intraoperative phase
Operating time (h) 1.5 (1.0, 2.0) 1.2 (1.0, 2.0) 1.423† 0.155
Bleeding volume (ml) 200 (150, 200) 200 (150, 200) 1.225† 0.220

Postoperative phase
MOS-SS (score) 43 (42, 49) 28 (22, 35) 7.071† <0.001
GCQ (score) 76 (68, 87) 64 (50, 75) 4.806† <0.001
Nausea/emesis 2 2 0.343‡ 0.296
Hemorrhage 0 0
Tumble 0 0
Aspiration 0 0
Hospital stay (days) 5 (4, 5) 8 (8, 9) 8.939† <0.001
Hospitalization expenses ($) 2670 (2375, 2740) 3129 (3116, 3456) 8.514† <0.001

Values were expressed as mean± standard deviation, median (quantile), or n. ERAS: Enhanced recovery after surgery; GCQ: Kolcaba Comfort Scale
Questionnaire; MOS-SS: Medical Outcomes Study Sleep Scale; SAS: Self-Rating Anxiety Scale.

∗
t values. †Z values. ‡x2 values.

Figure 1: CRP levels preoperatively and postoperatively in the ERAS and control groups
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The VAS was used to evaluate the degree of pain. Numbers
from 0 to 10 were used to show the degree of pain (ranked
as 0–3 mild, 4–7 moderate, and >7 severe). Scores from 0
to 5 indicated that the pain did not reduce the quality of
life, whereas scores larger than 5 indicated a reduction in
the quality of life.

According to our results, patients in the ERAS group
enjoyed a lower pain level. The median and interquartile
range of rhinalgia scores of the ERAS group at 2hours 1 (0,
1), 24hours 1 (0, 1) and 48hours 0 (0, 1) postoperatively
were lower than those of the control group (all P<0.001),
which were 3 (3, 4), 2 (2, 3) and 2 (1, 2) at 2hours, 24
hours and 48hours postoperatively, respectively. The
ERAS group also had lower headache scores (1 [0, 1], 1 [0,
1] and 0 [0, 1]) than did the control group (2 [2, 3], 2 [1, 2]
and 1 [1, 2]) (all P<0.001).
Postoperative sleep quality

CRP level

showing that the ERAS group had a lower postoperative CRP level than did the control group
(∗P<0.05) (the ERAS group: n=52; the control group: n=50). CRP: C-reactive protein;
ERAS: Enhanced recovery after surgery.
Patients in the ERAS group enjoyed improved sleep
quality due to optimized pain management. The MOS-SS
was used to evaluate sleep quality. The scores were
significantly higher for the ERAS group than for the
control group (43 [42, 39] vs. 28 [22, 35], Z=7.071, P<
0.001) [Table 2].
Postoperative comfort level
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The ERAS group had a higher comfort level due to
optimized pain management. The 4 parts of the GCQwere
used to evaluate the patients’ comfort levels. The ERAS
group had significantly higher scores than did the control
group (76 [68, 87] vs. 64 [50, 75], Z=4.806, P<0.001)
[Table 2].

2

The stress reaction was reduced in the ERAS group due to
optimized pain management, improved sleep quality and a
higher comfort level. The ERAS group had a higher
preoperative CRP level 1.3 (0.6, 2.8) mg/L than that of the
control group 0.5 (0.5, 1.2) mg/L (Z=3.049, P>0.05).
However, the ERAS group had a significantly lower
24hours postoperative CRP level 2.5 (1.4, 3.9) mg/L than
did the control group 6.6 (3.8, 9.0) mg/L (Z=5.027, P<
0.001) [Figure 1].

http://www.cmj.org


Postoperative complications from fear and anxiety preoperatively, which may lead to
unpleasant stress reactions and unsatisfactory postopera-
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After bed rest with electrocardiograph monitoring and
oxygen inhalation therapy for 2hours, the patients in the
ERAS group were encouraged to engage in out-of-bed
activities and enjoy soft and warm food according to their
recovery status. Conversely, the control group received
traditional postoperative treatment. During this period,
complications may occur, such as nausea/emesis, hemor-
rhage, aspiration and dizziness. Two patients from both the
ERAS and control groups suffered from nausea (x2=0.343,
P>0.05). No other complications were observed [Table 2].

Total length of hospital stay and hospitalization expenses
According to the results, the ERAS group had a
significantly shorter hospital stay than did the control
group (5 [4, 5] days vs. 8 [8, 9] days, Z=8.939, P<0.001).
The hospitalization expenses of the ERAS group were
$2670 (2375, 2740), whereas those of the control group
were $3129 (3116, 3456) (Z=8.514, P<0.001) [Table 2].

Discussion
57
ERAS protocols are multidisciplinary treatments that aim
to improve perioperative patient experiences and outcomes
after major elective surgery. The approach was pioneered
by Kehlet[5,6] in Denmark and was originally described as
an optimal method for the treatment of patients following
colorectal surgery. ERAS programs have been applied
successfully in various fields of surgery, including
orthopedics, cardiothoracic surgery, gynecology and
obstetrics, urinary, and general surgery.

The overall strategy of ERAS protocols is three-fold, to
optimize the patient’s health status before surgery; to
provide protocolized evidenced-based care throughout the
hospital stay; and to offer the best possible rehabilitation.
Substantial level I evidence has shown that implementation
of ERAS programs after colorectal resections is associated
with faster recovery, reduced complication rates, and
shortened primary and overall lengths of hospital stay
compared with traditional approaches.[7,8]

Recently, ERAS protocols have been extended and
introduced to head and neck oncological patients
undergoing surgery.[9-12] However, the application of
ERAS in FESS for sinonasal disease has not been reported
previously. FESS is the recommended treatment for
CRSwNP for relief of symptoms, such as nasal congestion,
headache and sneezing, but this approach has disadvan-
tages, including postoperative pain and high hospitaliza-
tion expenses. Widely used nasal endoscopic techniques,
minimally invasive techniques and evidence-based medi-
cine provide probability and feasibility for the application
of ERAS protocols in FESS. In our study, ERAS protocols
may have optimized FESS for CRSwNP patients by
reducing psychological and physical stress, shortening
the length of hospital stay and reducing hospitalization
expenses without increasing postoperative complications.

Implementation of ERAS protocols in FESS can reduce the
preoperative psychological stress reaction. Patients suffer

2

tive recovery. An individualized explanation has been
reported to be an independent prognostic factor for the
successful implementation of ERAS protocols.[13] In the
perioperative phase of our study, an explanation of ERAS
protocols and psychological counseling were offered. The
details of the minimally invasive treatment, analgesic
treatment for anesthesia and perioperative phase were
provided to patients to relieve their anxiety and fears and
to acquire the trust and cooperation of both the patients
and their families. We used SAS to evaluate preoperative
psychological anxiety and found that the ERAS group had
a better psychological status than did the control group.

Implementation of ERAS protocols in FESS can reduce the
systemic stress reaction. The original long-term fasting,
postoperative pain and injury associated with FESS can
aggravate the stress reaction, which may affect postopera-
tive recovery. For ordinary surgery under general
anesthesia, patients need to fast for longer than 8hours
preoperatively and must fast for 6hours postoperatively.
Lying without a pillow for 6hours postoperatively is also
required, resulting in hunger and dysphoria. ERAS
protocols can optimize the endoscopic perioperative
treatment, improve bowel preparation and gastrointestinal
function recovery and relieve hunger and dysphoria. These
protocols can even reduce the total length of hospital stay by
reducing inflammatory reactions.[14] ERAS protocols re-
commend a preoperative carbohydrate drink (�400mL).[15]

In our study, patients in the ERAS group fasted for 8hours
for solids and 2hours for fluids and were given a
carbohydrate drink 2hours before surgery. Two hours
after the operation was finished, the patients were
encouraged to eat carbohydrate-rich foods and to take
fluids according to their conditions; thus, the ERAS group
patients experienced less hunger and dysphoria.

Implementation of ERAS protocols in FESS can optimize
postoperative pain management and reduce physiological
stress. The pain induced by FESS was the most unpleasant
feeling experienced in the hospital. Helping patients endure
the perioperative phase without pain is an important
objective. During the implementation of ERAS protocols,
pain management with effective pain control (VAS�3)
based on preventive and multimodal analgesia [16] enabled
the patients to take foods and fluids and engage in out-of-
bed activities in the early stages.[17] With the provision of
local and general analgesia during the perioperative stage,
the VAS scores for rhinalgia and headache in the ERAS
group were less than 3 at 2, 24, and 48hours postopera-
tively and were significantly lower than the scores of the
control group. In addition, with strengthened periopera-
tive pain management, their sleep quality and comfort level
were significantly better than those of the control group.

Implementation of ERAS protocols in FESS can reduce
postoperative systemic inflammatory reactions. Although
FESS provides benefits in terms of a short operation time
and less tissue injury, general anesthesia and the
psychological stress reaction remain important factors in
systemic inflammatory reactions.[18] CRP plays an impor-
tant role in postoperative systemic inflammatory reactions
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and is regarded as an important inflammatory mark-
er.[19,20] The CRP levels of the ERAS and the control

5. Kehlet H. Multimodal approach to control postoperative patho-
physiology and rehabilitation. Br J Anaesth 1997;78:606–617. doi:
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groups revealed that the ERAS protocols reduced
postoperative psychological and systemic stress.

Implementation of ERAS protocols in FESS can reduce
hospital stay and hospitalization expenses. Compared with
traditional approaches, ERAS has been reported to reduce
complication rates and shorten the primary and overall
lengths of hospital stay in patients undergoing head and
neck surgery.[9,11] In our study, new discharge criteria were
adopted. Thus, the ERAS protocols effectively reduced
hospital stay and hospitalization expenses without in-
creasing the incidence of postoperative complications.

In this study, the short-term prognosis of ERAS in
perioperative period was better than the control group.
However, the time of ERAS implementation in FESS is not
long, and the effects of ERAS on patients’ long-term
prognosis have not been stated. Next we will continue to
follow up the patients and collect the data to describe the
long-time prognosis.

In conclusion, we showed that ERAS protocols might
optimize FESS by reducing psychological and physical
stress reactions, the length of the hospital stay and
hospitalization expenses without increasing postoperative
complications.
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