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Abstract

Background: Chronic rhinosinusitis (CRS) is a common inflammation of the nose and the paranasal sinuses. Intracta-
ble CRS cases are generally treated with endoscopic sinus surgery (ESS). Although the effect of ESS on CRS symptoms
has been studied, the pattern of symptom improvement after ESS for CRS is yet to be investigated. The aim of this
study was to determine the magnitude and sequence of symptom improvement after ESS for CRS, and to assess the
possible preoperative factors that predict surgical outcomes in CRS patients.

Methods: This was a longitudinal prospective study of 68 patients who had CRS (with or without nasal polyps). The
patients underwent ESS at King Fahd Hospital of the University, Al Khobar, Saudi Arabia. The Sino-nasal Outcome Test-
22 (SNOT-22) questionnaire was used for assessment at four time points during the study: pre-ESS, 1-week post-ESS,
4 weeks post-ESS, and 6 months post-ESS.

Results: The difference between the mean scores recorded for the five SNOT-22 domains pre-ESS and 6 months
post-ESS were as follows: rhinologic symptoms (t-test ="7.22, p-value = <0.001); extra-nasal rhinologic symptoms
(t-test=4.87, p-value = <0.001); ear/facial symptoms (t-test =6.34, p-value = <0.001); psychological dysfunction
(t-test=1.99, p-value =0.049); and sleep dysfunction (t-test=>5.58, p-value = <0.001). There was a significant differ-
ence between the mean scores recorded for the five domains pre-ESS and 6 months post-ESS. Rhinologic symptoms
had the largest effect size (d=1.12), whereas psychological dysfunction had the least effect size (d=0.24). The only
statistically significant difference in the SNOT-22 mean scores recorded 4 weeks post-ESS was observed between
allergic and non-allergic patients (t=—2.16, df =66, p =0.035).

Conclusion: Understanding the pattern of symptom improvement following ESS for CRS will facilitate patient coun-
selling and aid the optimization of the current treatment protocols to maximize surgical outcomes and quality of life.

Level of evidence: Prospective observational.
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Background

Chronic rhinosinusitis (CRS) is an inflammation of the

nose and the paranasal sinuses that is characterized

by two or more of the following signs and symptoms,
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reduction or loss of smell. It is a common clinical con-
dition that has a significant impact on quality of life and
individual morbidity; CRS cases represent 10.8% of all
outpatient clinical visits [1, 2]. Uncontrolled CRS symp-
toms may lead to impaired quality of life such as absence
from work up to 6.5% of the time, a 38% loss of produc-
tivity, and a 36% reduction in on-the-job [3, 4]. The com-
bination of different disorders results in complexes of
symptoms, with each complex affecting quality of life dif-
ferently [5].

Appropriate management of CRS is geared towards
relieving symptoms and substantially improving the
patient’s state of health; this can be achieved initially
by pharmacological therapy [6]. However, in cases of
recalcitrant CRS with no improvement of symptoms,
endoscopic sinus surgery (ESS) is indicated [6, 7]. Devel-
opment of a universal and standard treatment for CRS
has been elusive for decades [8]. ESS, which is a precise
guided intervention, improves both the permeability and
performance of the nasal sinus spaces. This results in the
proper ventilation and drainage of the facial sinuses [9].
Although few studies have examined the effect of ESS on
CRS symptoms and quality of life after surgery, no study
has investigated the pattern of symptom improvement
after ESS for CRS. Therefore, the aim of this study was
to determine the magnitude and sequence of symptom
improvement over time after ESS for CRS, and to high-
light the possible preoperative factors that predict surgi-
cal outcomes in CRS patients.

Methods

This study was approved by the institutional review
board of Imam Abdulrahman bin Faisal University (IRB
No. UGS-2018-01-312). A written consent was taken
from participants before their enrolment in the study.
This was a prospective cohort that was conducted over
the first 6 months after ESS. We recruited patients who
visited the specialized Rhinology Clinics of the Otolar-
yngology Department at King Fahad Hospital of Uni-
versity, AlKhobar, Saudi Arabia whom were diagnosed
based on the diagnostic clinical criteria of EPOS 2020
for CRS to have either chronic rhinosinusitis with nasal
polyposis (CRSWNP) or chronic rhinosinusitis with-
out nasal polyposis (CRSsNP) [2]. The participants
were included consecutively and only patients who had
refractory CRS (despite undergoing medical treatment
for at least 12 weeks) and underwent bilateral ESS from
August 2017 to September 2019, they were followed up
for 6 months post. The detailed history of each partici-
pant was obtained and nasal endoscopic examination was
performed on each participant, followed by confirmatory
computed tomography scans, which were scored using
the Lund-Mackay scoring system [10]. Any patient with
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underlying diseases such as malignancy, autoimmune
diseases, granulomatous disease, cystic fibrosis, which
may affect the management outcomes, were excluded.

All ESS procedures were conducted by an expert sur-
geon, who used a standard technique in an optimal set-
ting. A unified medication protocol, which included
hypertonic saline nasal irrigation and intranasal adminis-
tration of corticosteroids and antibiotics, was prescribed
for all patients.

Sociodemographic data were extracted from each par-
ticipant’s medical records. The extracted data included:
sex (male vs female), age, smoking history (smoker vs
non-smoker), history of alcohol consumption (drinks
alcohol vs does not drink alcohol), and presence of
comorbidities (diabetes mellitus, hypertension, and lar-
yngopharyngeal reflux disease). In addition, data on
predictive factors including history of previous ESS,
endoscopic presence of polyps, history of bronchial
asthma, and allergic rhinitis (AR), were extracted as well.

All patients were routinely examined the 1st week, the
4th week, and around 6 months after surgery. During
each visit, each participant had to complete the Arabic
version of the Sino-nasal Outcome Test-22 (SNOT-22)
questionnaire “All rights reserved. Copyright 2006.
Washington University in St. Louis, Missouri/, which
is a disease-specific health-related quality of life assess-
ment tool used for assessing symptoms of CRS with or
without nasal polyps [10, 11]. The SNOT-22 question-
naire consists of 22 items that reflect the health burden of
CRS symptoms. The items are categorized into five main
domains: rhinological symptoms domain, extra-nasal
rhinological symptoms domain, ear and facial symp-
toms domain, sleep dysfunction domain, and psychologi-
cal disease domain. The rhinological symptoms domain
consists of the following items: need to blow the nose,
sneezing, post-nasal discharge, and nasal blockage. The
extra-nasal rhinological domain consists of the following
items: runny nose, cough, and post-nasal discharge. The
ear and facial domain consists of the following items: ear
fullness, dizziness, and ear pain. The sleep dysfunction
domain consists of the following items: difficulty falling
asleep, waking up at night, and lack of a good night sleep.
Finally, the psychological domain consists of the follow-
ing items: fatigue, reduced productivity, reduced concen-
tration, and feeling frustrated/restless/irritable [12]. Each
item is scored from O to 5, with O representing no prob-
lem and 5 representing the highest level of the problem.

Mean and standard deviation were used to describe
and compare the initial and follow up values of the addi-
tive global score of SNOT-22 questionnaire as well as the
additive scores of the five SNOT-22 subscale, whereas
median was used to describe the pattern of the initial
and follow up values of Likert scale of the 22 items of
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SNOT-22 questionnaire. Cohen’s d effect size was used to
estimate the magnitude of change in the rhinologic symp-
toms over the 6-month period. The effect size was calcu-
lated by subtracting the mean SNOT-22 score recorded
at the 6-month timepoint from the mean SNOT-22 score
recorded prior to the surgery, before dividing it by the
standard deviation of the mean difference. An effect size
can be mild (0.4), moderate (0.5), or large (0.8). The two-
sample t-test was used as appropriate to investigate the
individual factors that may affect the SNOT-22 score at
the 6-month time point, whereas the paired t-test and
Wilcoxon sign rank test were used as appropriate to
investigate the difference between the SNOT-22 global
scores, subscales, and items recorded prior to the surgery
and those recorded at the end of the follow-up period.
Additionally, multiple linear regression models were
run to estimate the magnitude of change in the SNOT22
score at the end of the study period in relation to vari-
ous possible predicators. Finally, the line graph was used
to display the trend of each measured SNOT-22 item
over several time points within the follow-up period. A
p value below 0.05 was considered statistically significant
[13]. All statistical analyses were performed using SPSS
version 24, and the line graph was drawn using Microsoft
Office 350 excel [12].

Results

A total of 110 participants met the inclusion criteria and
were eligible to be enrolled in the study. However, due to
loss of follow-up only 68 patients (61.82%) completed the
follow-up questionnaires for the entire study period (i.e.
6 months).

Regarding the sociodemographic features of the partic-
ipants, the mean age of the participants was 36.58 years
(SD=14.09, minimum=13, maximum=69) years. In
addition, as shown in Table 1, from the included partici-
pants 54.41% (n=37) were male, 47.06% (n=232) under-
went ESS for the first time, whiles 52.94% (n=36) had
ESS as a revision surgery. Moreover, 11.76% (n=28) of the
participants were smokers, and only one participant had
a history of alcohol consumption.

In addition, the diagnosis of bronchial asthma was con-
firmed in 22% (n=15) of the participants, 29.4% (n=20)
of the participants had CRSWNP, and positive history of
AR was reported in 55.88% (n=38) of the participants
(Table 1).

As seen in Table 2, the standard deviations of the
five SNOT-22 domains showed a significant difference
between the mean recorded pre-ESS and that recorded
6 months post-ESS. The largest effect size is seen in
the rhinological symptoms domain (4d=1.12) and the
least was noted the psychological dysfunction domain
(d=0.24).
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Table 1 The distribution of the study participants'characteristics

Variable Number (n=68) Percent (100%)
Age (years)

<19 5 7.35

20-29 20 2941

30-39 15 22.06

40-49 14 20.59

>50 14 20.59
Gender

Male 37 5441

Female 31 4559
Smoking

No 60 88.24

Yes 8 11.76
Alcohol

No 67 67

Yes 1 1
Diabetes mellitus

No 65 95.59

Yes 3 441
Hypertension

No 65 95.59

Yes 3 441
Laryngopharyngeal reflux disease

No 63 92.65

Yes 5 7.35
Asthma

No 53 77.94

Yes 15 22.06
Allergy

No 30 4412

Yes 38 55.88
Polyps

No 48 70.59

Yes 20 2941
ESS status

First time surgery 32 47.06

Revision surgery 36 52.94

As demonstrated in the line graph (Fig. 1), the symp-
toms either completely improved (i.e., the initial pre-
operative score dropped to O six months after surgery),
partially improved (i.e., the initial preoperative score
did not reach 0 six months after surgery) or showed
no improvement (i.e., the initial preoperative score
remained the same 6 months after surgery). The follow-
ing symptoms had the highest median scores: need to
blow nose, nasal blockage, sneezing, runny nose, and
decreased sense of smell/taste. However, these symptoms
significantly improved to a ‘very mild problem’ in the



Page 4 of 9

(2021) 21:288

Al Sharhan et al. BMC Surg

wopaai) Jo 93163p (4p) ‘S0°0 > 1e 195 S Nsas Juedyiubis anjea d (d) ‘anjea 1591 1 (1) ‘92UaJaYIp UeSW PIZIPJEPUER]S (P) ‘UBIPaW (UP) ‘Uesw ()

abie7 780 ¢l'gl L00'0> L9 SL'9 S/l 9/0C 8l'CC S6C 9e¥C  880¢ € 0cyl 9¢ 6€  veECl  0E0v (011-0) CZ-1ONS
91eISPOW 890 66'€ L00°0> L9 8S'S 0 00 ¢9¢ ge L0Z L€9 € oL¢ 96 VARVAR 2NV (62-0) uonounysAp dss|s
PN ¥C0O 8l'c— 6¥0'0 L9 66'L 0 99 v¥ Sy 998  S/Y/ ¢ 6EY or'e S¥  €¥9 179 (G€-0) UondUNYSAp eD150]0YAsd
91BISPOW  £/°0 6= 1000> L9 V€9 ¢ 6LS 6LV g9 09 59 Sy 88¢ 9'S 6 /LT 606 (52-0) swordwis [e1oey/1eq
21eISPON 650 6l'C— 1000> L9 [8YV S/¢€ v¥E  08F ge 9l 69¢ 9 €l¢ 109 [ 00T 669  (GL-0) swoidwAs d160] oulyl jeseu eix3
sbie7 Ul ¥S6— 1000> L9 TTL 006 G618 (L6 GgelL €08 9Ll STl 9IS /¥l S6lL 8L¢ 998l (0£-0) swoidwiAs 216ojoulyy

d JpP 1 Upw as W Upw as W UPW as W UPW as W

duULRYIP DNaI2YIP ss33sod
apmiubeypy p ueswmey  3yjjoaduedyiubis syuow g jo abesany $s31sod yuow-| §S31s0d yoom-| aAnesadoaid

§533s0d syjuow g jo abeiane pue

annesadoasd usamiaq suesaw 9403s dY3 Ul DU

3w} JSA0 $2103S Sulewop zz-10NS

(surewop urew ant4) ZZ-10NS

polad Apnis a3 JaA0 211eUUONRSIND ZZ-LONS 243 JO SUIRWIOP SAY UleW 343 JO S3|BISCNS S JO ZIS 10349 P SUSYOD) 3} PUB UOIIRIASP piepuels ‘ueall ay] g ajqeL



Al Sharhan et al. BMC Surg (2021) 21:288 Page 5 of 9
Ear/ Facial Symptoms Rhinologic Symptoms
5 5
4.5 . 4.5 @ Need to blow nose
4 e Sneezing 2
35 35 @ Nasal blockage/
E 3 @ Ear fullness E 3 congestion
E 2.5 5 25 Sneezing
E: 1 2 Dizziness z 1 : Runny nose
1 1 e Thick nasa discharge
0.5 Ear pain 0.5
0 0 e Decreased sense of smell
preoprative 1stweek 1stmonth 6thmonths o £acial pain/pressure Preoprative 1stweek 1stmonth 6th months or taste
post ESS  post ESS  post ESS post ESS  post ESS  post ESS
Extra-Nasal Rhniological Symptoms Ear/ Facial Symptoms
5 5
45 45 — Sneezing
4 4
w 35 w 3'2 s Ear fullness
g 3 e Cough =
=25 o 25 -
%) X @ Dizziness
% 2 e Postnasal discharge % 2
15 15
1 Thick discharge 1 Ear pain
0.5 0.5
0 0 e Facial pain/pressure
preoprative 1st week 1st month 6th months preoprative  1st week  1st month 6th months
post ESS post ESS post ESS post ESS post ESS post ESS
Psycological Dysfunction Sleep Dysfunction
5 ) 5
s = e» = \\ake up tired 45
4 e— Fatigue 4 e Difficulty falling asleep
35 .
w 35 Reduced [ s \Wake up at night
= 3 productivity E .
225 Reduced bo25 Lack of a good night
5 2 concentration 3 2 sleep )
15 e Frustrated/restless 15 Wake up tired
) Jirritable ) —
1 @ e e Sad 1 s Fatigue
05 = 05 S
0 - a» a» a» = == == Embarrassed 0 x
preoprative  1stweek 1st month 6th months preoprative  1st week 1st month 6th months
post ESS post ESS post ESS post ESS post ESS post ESS
Fig. 1 Line graph showing the trend of the rhinologic-related symptoms as measured with the five domains of the SNOT-22

6th month after surgery: need to blow nose (z=—3.93,
p=<0.001), nasal blockage (z=-—6.44, p=<0.001),
sneezing (z=—5.88, p= <0.001), runny nose (z=—6.21,
p=<0.001), and decreased sense of smell/taste
(z=—5.17, p=<0.001). On the other hand, the median
score for post-nasal discharge, which is known bother-
some symptom of CRS, did not change after surgery
(z=—-0.27, p=0.77). The results of Wilcoxon sign rank
test display the difference between the medians of the
SNOT-22 items before surgery and 6 months post-ESS
(Table 3).

As shown in Table 4, the only statistically significant
difference in the SNOT-22 mean scores recorded 4 weeks
after surgery was found between participants who had
allergic rhinitis and non-allergic patients (t=-—2.16,
df=66, p=0.035). Likewise to that previous finding,

allergy was found to be the only statically significant
predictor for SNOT-22 score at the 6 months period
as it was found that having an allergy will increase the
SNOT-22 score by 12 units after adjustment for gender,
smoking and diabetes (=11.98, SE=4.88, p=0.017,
F(4,63) = 0.036, adjusted R2=0.095, R2 =0.149).

Discussion

In this study, we aimed to determine the effectiveness of
ESS among CRS patients during the 6-months postop-
erative period before they are discharged from the clinic.
By the end of this period, the nasal mucosa would have
healed and the function of the sinuses would be regained.
The symptoms of CRS can affect quality of life signifi-
cantly. For cases in which medical treatment did not
improve the symptoms, ESS is an alternative therapeutic
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Table 3 The distribution of the SNOT-22 items over the four time points and the results of Wilcoxon sign rank test that shows the
difference between the median of the SNOT-22 items preoperative and 6 months post ESS

Items Preoperative 1st week post ESS 1st month post ESS  6th months post ESS  Wilcoxon sign rank
Mdn M SD Mdn M SD Mdn M SD Mdn M SD z p
Need to blow nose 300 291 094 300 281 1.4 200 206 091 150 191 165 —-3.93 <0.001
Nasal blockage 4.00 308 094 200 204 102 200 203 077 1.00 153 1065 —6.44 <0.001
Sneezing 300 284 070 200 200 093 200 199 08 000 119 165 —5.88 <0.001
Runny nose 3.00 287 086 1.00 119 108 150 157 083 0.00 106 143 —6.21 <0.001
Cough 200 200 086 1.00 103 067 100 100 062 100 103 116 —4.86 <0.001
Post-nasal discharge 200 210 083 300 293 092 200 200 069 200 210 210 —-027 0.770
Thick discharge 3.00 288 094 200 206 106 050 069 090 1.00 1.70 178 —0.450 <0.001
Ear fullness 200 201 089 100 122 108 100 144 163 000 107 154 —4.18 <0.001
Dizziness 1.00 112087 050 0.75 094 0.00 0.81 152 0.00 072 139 —3.22 0.001
Ear pain 1.50 156 057 000 038 108 000 088 145 000 082 130 —4.09 <0.001
Facial pain/pressure 0.00 099 1.61 1.50 156 090 1.00 126 114 1.00 15 1.83 —2.89 0.003
Decreased sense of smell/taste  3.50 335 109 250 237 119 200 213 189 1.00 1.74 187 -5.17 <0.001
Difficulty falling asleep 250 240 079 050 075 096 100 131 162 000 079 125 —-6.18 <0.001
Wake up at night 1.50 159 1.01 1.00 106 077 050 113 145  0.00 059 1.01 —3.26 0.001
Lack of a good night's sleep 200 203 093 050 069 08 100 150 17 000 074 130 —5.57 <0.001
Wake up tired 0.50 074 091 050 072 093 050 131 166  0.00 069 1.18 1.14 0.260
Fatigue 0.50 086 1.10 050 074 093 0.0 1.06 157 0.00 0.81 131 —1.31 0.190
Reduced productivity 050 068 081 050 072 092 000 100 155 000 054 107 -1.70 0.089
Reduced concentration 0.00 062 106 1.00 115 085 050 072 093 050 119 152 —3.49 0.004
Frustrated/restless/irritable 100 118 095 05 074 093 050 131 166 000 053 124 —4.20 <0.001
Sad 0.00 046 121 0.00 034 1.08 0.0 012 056 0.00 088 1.5 1.12 0.305
Embarrassed 000 034 113 000 032 056 000 100 151 000 059 124 1.82 0.074

solution for improving rhinological symptoms. Neverthe-
less, there have been controversies about its effectiveness
[9, 10, 13].

After analyzing the magnitude and pattern of symptom
improvement in all five domains of the SNOT-22 score
system, we found a statistically significant reduction in
the subscales of the five main domains, all of which had
large to moderate effect sizes; the least magnitude was
observed in the psychological dysfunction domain. Each
of the involved symptoms showed varying degrees and
patterns of improvement over 6 months.

In the 1st month, nasal blockage, sneezing, runny nose,
thick nasal discharge, and a decreased sense of smell/
taste showed a marked and dramatic improvement. This
indicates that surgical management achieved patency of
the nasal cavity and sinus drainage system, which were
obstructed by the disease prior to the surgery. In addi-
tion, most of the symptoms, such as lack of a good night’s
sleep and difficulty falling asleep, which represent the
sleep dysfunction domain, were resolved and patients
had less interrupted and disturbed sleep.

In the 6th month, some of the symptoms, such as nasal
blockage, runny nose, sneezing thick nasal discharge, and
dizziness, continued progressing with a declined slope

(as shown in the line graph). In fact, these symptoms dis-
appeared completely and were represented by a median
score of 0. On the other hand, symptoms such as cough
and post-nasal discharge were persistent regardless of the
surgical intervention. Bhattacharyya et al. [14] reported a
significant reduction with a large effect size of all major
CRS symptoms except hyposmia, which had a moderate
effect size. However, the reported sequence of symptom
improvement in that study started with facial pressure,
nasal obstruction, congestion, rhinorrhea, and improve-
ment in hyposmia [13]. DeConde et al. compared the
improvement in CRS symptoms after medical treatment
and with improvement after surgical treatment [15], and
found that surgical management with ESS improves all
major symptoms apart from olfaction three to four times
more than medical treatment [16]. Many studies have
indicated that the senses of smell and taste do not pro-
gress effectively after surgery; in fact, it can take up to
9.7 years on average to recover completely. This can be
attributed to the location of the olfactory system, which
is liable to be harmed either by the disease process or sur-
gical injury [17]. A multi-institutional cohort study indi-
cated that the percentage of patients who experienced a
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Table 4 The differences in the SNOT-22 score at 6 months
period in relation to various risk factors

Predictive factors 6 months post EES

SNOT-22 score

Mean SD t df p value
Age (years) 039* 463 0816
<19 236 33.75
20-29 26.15 20.80
30-39 18.53 15.99
40-49 18.86 2344
>50 23.25 18.98
Sex —1.23 66 0.889
Male 19.35 338
Female 25.56 3.74
Asthma —091 66 0.366
Without 20.96 2.74
With 26.50 6.09
Smoking —1.07 66 0.288
Without 212 267
With 29.56 761
Previous sinus surgery —0.18 66 0.854
Without 21.69 346
With 2262 367
Allergies —2.16 66 0.035
Without 16.23 342
With 26.88 346
Polyps
Without 2347 296 —079 66 0433
With 19.10 4.83
Culture positive —0.80 66 0496
Positive 18.56 542
Negative 23.30 2.85

Medical comorbidities —0.29 66 0.77
Without

With

21.71 291
2333 5.06

(t) =t-test statistics, (df) =degree of freedom, (p) = p-value of t test

restored olfactory sense after surgery was relatively lower
than of patients who did not [6].

As reported in previous literature, minor symptoms
show a moderate effect change after surgery; fatigue
however, shows a large effect change [13]. Our study
results showed similar trends. Fatigue showed an
achievable improvement, vanishing postoperatively
to a median score of 0. The reduction in fatigue after
surgery indicates that ESS not only affects the head and
neck regions but also produces a systemic effect, indi-
cating a considerable improvement in quality of life
[13].
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Researchers have asserted that cough is associ-
ated with less postoperative improvement. A plausible
explanation for this is that the association of asthma or
laryngopharyngeal reflux may induce cough regardless
of the presence of CRS [4].

In the present study, a significant decline was noted in
the ear and facial domain. This is in line with the findings
of Stoikes et al. [18], which indicate that improvement in
CRS symptoms following ESS is associated with the dis-
turbance of normal mucociliary clearance in the naso-
pharynx tube. The mean preoperative global SNOT-22
score recorded in the present study was 40.3; this score
decreased to 26 at the first postoperative visit and 22.18
at the last postoperative visit. Our results resemble the
findings to the from the study by Hopkins et al., which
was the first study that utilized the SNOT-22 score. In
that study, the mean preoperative score was 41.7 and the
postoperative score was 25.5 [9]. However, a second post-
operative visit was not included in that study.

We analyzed each individual factor that may play a
role in the outcome of ESS to achieve a controlled clini-
cal steady state of CRS symptoms with better postopera-
tive quality of life. This was most strongly demonstrated
in the present study by history of AR. In fact, AR and
CRS symptoms are a consequence of the inflamma-
tory reaction that may lead to a special entity known as
difficult-to-treat rhinosinusitis. Such factors associated
with uncontrolled symptoms need to be identified and
addressed to obtain an optimum control of the disease
[19].

Tobacco use is known to affect outcomes, with poorer
symptom scores and a higher prevalence of smoking
observed amongst patients with refractory CRS. In the
present study, 11.7% of the included patients were smok-
ers, and they expressed poorer scores. Smoking is known
to suppress sinonasal immunity, which results in bacte-
rial stasis and biofilm formation that eventually worsens
chronic rhinosinusitis [20]. For participants who were
diagnosed with CRSwNP, the presence of nasal polyps
is considered a contributing factor to the recurrence
of nasal polyps 1 year after ESS, an outcome which has
been estimated to occur in 20% of cases, and is known to
adversely affect quality of life [21]. However, our analy-
ses showed that CRS patients with concomitant asthma
consistently had higher postoperative SNOT-22 scores,
despite the fact that ESS has positive effects on asthmatic
patients [22, 23].

This study examined the immediate and moder-
ate postoperative effects of ESS, aiming to provide a
more meticulous description of the improvement of
each symptom and highlight how the selection of a
more aggressive intervention can have a positive impact
on patients’ symptoms and quality of life. Through
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investigating the detailed improvement of CRS symp-
toms following sinus surgery, the present study contrib-
utes to a better understanding of the underlying elements
that influence physicians in selecting ESS as a treatment
choice or an alternative option to medical therapy. With
which these surgical intervention outcomes can be rea-
sonably expected. Given the chronic nature of CRS, fur-
ther investigation of the long-term improvement of each
symptom using the SNOT-22 domain scores is recom-
mended to facilitate proper planning of optimum man-
agement regimens.

Although this is a single center study which is consid-
ered as limitation in our design, our center is one of two
governmental hospitals that provide ENT services of care
in the region. In addition, the center is the only university
teaching hospital in the area with an active ENT depart-
ment; hence, we are considered a major referral hospital
and receive patients from remote areas. Therefore, the
results of this study might be extended beyond the regis-
tered patients in our hospital to reflect the population of
the whole province.

We agree that the focus of this article is not novel;
however, our study presents new findings regarding the
role of allergy in the improvement of CRS [23]. This new
finding, which has not been highlighted in the literature,
might be due to unmeasured confounder effects (such
as post-surgery medications) or the unique characteris-
tics of our participants (such as Arabic ethnicity, which
has had limited examination in the literature and might
play a role in resolving the inflammatory process post-
operatively). In addition, we provided a comprehensive
description of the magnitude of differences and pattern
of changes for the symptoms of CRS and its effect on the
quality-of-life components, as measured by the SNOT-22
questionnaire at different time points post ESS.

Conclusion

ESS helps in improving the symptoms of CRS to varying
degrees and rates during the six-month period after sur-
gery; this improvement varies significantly depending on
the presence of a history of allergic rhinitis. Understand-
ing the pattern of symptom improvement after ESS for
CRS will aid patient counselling regarding selection of
treatment modalities, expected outcomes, and associated
predictive factors, to provide a strong incentive to opti-
mize the current treatment protocols and maximize ESS
outcomes and quality of life.
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