
ORIGINAL CONTRIBUTION

Comprehensive quality of life outcomes for pediatric 
patients undergoing endoscopic sinus surgery*

Abstract
Background: Limited quality of life data exist for pediatric chronic rhinosinusitis (CRS) patients undergoing endoscopic sinus sur-
gery (ESS). Further exploration of the following areas will enhance understanding and support clinical decision-making: baseline 
and post-ESS general and disease-specific quality of life, parent vs. child report, and correlation of nasal endoscopy to sinus CT 
scores.  

Methodology: A prospective cohort study evaluated CRS patients age 5-18 undergoing ESS. Surveys were completed at two 
timepoints: (1) pre-ESS and (2) 30-90 days post-ESS, with parents completing general (PedsQLTM) and CRS-specific (SNOT-16 and 
SN-5) quality of life surveys and children completing PedsQLTM and SNOT-16 surveys. Preoperative Lund-Kennedy nasal endo-
scopy and Lund-Mackay sinus CT scores were calculated. Where appropriate, outcomes were stratified by cystic fibrosis status. 

Results: Impaired preoperative general quality of life was evidenced by parent proxy-report of PedsQLTM scores in 10 cystic fibro-
sis and 11 non-CF patients. ESS was associated with decreased sinus symptoms at 1-3 months postoperatively with SN-5 change 
scores of -1.85 and -2.2, in CF and non-CF patients, respectively. Parents reported worse CRS symptoms via higher preoperative 
SNOT-16 scores than their children did. Nasal endoscopy and sinus CT scores correlated with a Spearman correlation coefficient of 
0.51. Scores not reaching statistical significance included CF-related CRS SNOT-16 change scores and PedsQLTM general quality of 
life change scores.
 
Conclusion: In pediatric patients with CRS electing ESS, general quality of life is impaired preoperatively and sinus symptoms 
improve significantly 1-3 months after sinus surgery. Parents report statistically worse CRS symptom scores than their children do. 
Nasal endoscopy scores in this cohort correlated with sinus CT scores.
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Introduction
Rhinosinusitis is a group of disorders characterized by inflam-
mation of the mucosa of the nose and paranasal sinuses (1). 
Several forms of rhinosinusitis have been proposed including 
acute viral/bacterial rhinosinusitis, chronic rhinosinusitis with 
nasal polyposis (CRSwNP), chronic rhinosinusitis without nasal 
polyposis (CRSsNP), and allergic fungal rhinosinusitis (AFRS)(2). 
The etiology of both pediatric and adults CRS is highly debated, 

but likely results from a multitude of host and environmental 
factors that produce inflammation of sinonasal mucosa (3). These 
factors can lead to persistent nasal congestion, discolored nasal 
discharge, facial pressure/pain, and cough (Table 1) (4). 
Treatment of pediatric CRS—as described by a recent algo-
rithm (4)—is based on severity of presenting symptoms. Mild 
symptoms are often treated initially with a trial of nasal saline 
irrigation and topical nasal steroids, then oral antibiotics for 
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persistent symptoms. Moderate and severe symptoms may war-
rant initial therapy with an oral antibiotic for one or two courses. 
If oral antibiotics fail, the next step is to consider adenoidectomy 
± intraoperative maxillary sinus irrigation. If symptoms persist 
or recur after adenoidectomy, then endoscopic sinus surgery is 
indicated (4). For patients with CRS associated with cystic fibrosis, 
who are predisposed to mucociliary stasis and bacterial over-
growth (5), surgical treatment is often offered at an earlier age. 
In surveying the literature, there is limited data evaluating the 
outcomes of ESS for pediatric CRS.  Baseline quality of life in 
children with CRS is characterized by more bodily pain and phy-
sical limitation than children with asthma, rheumatoid arthritis, 
or epilepsy (6). For these children ESS is safe and effective  (7), and 
CRS-specific quality of life has been shown to improve after 
ESS (8).  In children with CF-related CRS, the evidence suggests 
that ESS is relatively safe (9), it improves the nasal and facial 
symptoms of CRS (10), but leads to equivocal change in pulmona-
ry function (11,12) while not altering the respiratory tract microbial 
pathogens (11). 
However, many questions still remain about the impact of 
pediatric CRS on quality of life and the effect of ESS. It is unclear 
how parent proxy-report compares to child self-report for both 
general quality of life and disease-specific quality of life in 
pediatric CRS patients, and how these metrics change after ESS. 
Understanding both parent and child perspectives will inform 
clinical assessment and will provide a comprehensive view of 
the impact of pediatric CRS and its response to treatment. For 
objective assessment of pediatric CRS disease severity, it is 
unknown to what degree nasal endoscopy scores correlate with 
sinus CT scores, the latter of which is currently well-accepted 
as the gold-standard for diagnosing CRS in general (13). Previous 
studies in adults (14,15) have supported the correlation between 
these two objective measures and it is hypothesized that they 
will correlate in pediatric CRS. 
 
Materials and methods
Patient population and selection criteria
Subjects were recruited consecutively from the otolaryngology 
clinics at the University of North Carolina at Chapel Hill from 
2012-2013.  Patients meeting the following criteria were inclu-
ded: ages 5 to 18 at the time of enrolment, diagnosis of CRS (Ta-
ble 1)(16), CT evidence of sinusitis (17), failure of previous maximal 
medical treatment including broad-spectrum/culture-directed 
antibiotics and a trial of nasal steroids, and child/caregiver abi-
lity to communicate in English. Patients meeting the following 
criteria were excluded: gross immunodeficiency, primary ciliary 
dyskinesia, invasive fungal sinusitis, systemic vasculitis, granulo-
matous disease, cocaine abuse, and neoplasia.
Ethical approval for this work was obtained through the Institu-
tional Review Board at the University of North Carolina at Chapel 
Hill. Patients age 5-6 at the onset of the study were enrolled with 

voluntary informed parental consent. Patients age 7-17 were en-
rolled with voluntarily self-assent and parental consent. Patients 
age 18 provided consent for themselves. 
Ten patients with CF-related CRS and eleven CRS patients 
without CF were included in this study. Their demographics and 
co-morbidities are shown (Table 2).

Data collection
Patient demographics (age, gender, race/ethnicity parent insu-
rance status, parental educational attainment) and past medical 
history (polyposis, asthma, allergic rhinitis, smoke exposure, 
prior adenoidectomy, previous sinus surgeries) were reported 
by the participants’ parents, which was verified with their medi-
cal record. 
Generic (PedsQLTM Generic Core Scales) and CRS-specific 
(SN-5 and SNOT-16) quality of life surveys were administered 
at two timepoints: 1) in the two weeks prior to surgery and 2) 
1-3 months after surgery. The PedsQLTM Generic Core Scales 
are a reliable, valid, age-appropriate, and change-responsive 
measure of general health-related quality of life. They measure 
the core dimensions of health as delineated by the World Health 
Organization, as well as role (school) functioning. The physical 
summary score is calculated from 8 physical items, while the 
psychosocial summary score is calculated from emotional (5 
items), social (5 items), and school functioning (5 items) scales 
(18-23). The SN-5 survey (Sinus and Nasal Quality of Life 5) is 
a validated disease-specific measure of HRQOL in pediatric 
patients with persistent sinonasal symptoms (24). It contains five 
domains: sinus infection, nasal obstruction, allergy symptoms, 
emotional distress, and activity limitations. Each domain con-
sists of a number of symptom clusters and a point scale is used 
that ranges from 1 (none of the time) to 7 (all of the time) to 
grade the relative frequency of each symptom cluster to give a 
mean domain score. The SN-5 has adequate test–retest reliabi-
lity, is internally consistent, and correlates with related external 
constructs (25). Per its psychometric validation, it was adminis-
tered only as a parent-proxy report measure in this study. The 
SNOT-16 survey is a reliable, valid, and responsive instrument for 

 Table 1. Defining criteria for chronic rhinosinusitis (CRS) in pediatric 

patients (4). 

12+ Weeks of two or more of the following signs and symptoms:

Nasal discharge (anterior, posterior nasal drip, or both) *

Nasal obstruction/congestion/blockage *

Facial pain/pressure/fullness

Cough

* One of the symptoms must be nasal discharge or nasal obstruction.
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measuring rhinosinusitis-specific health-related quality of life (26). 
Objective outcomes were recorded preoperatively. Lund-
Mackay sinus CT scores (17) were calculated in a blinded fashion 
for all patients who had sinus CTs performed within 130 days 
prior to the surgery, which is a time period that has shown high 
test-retest reliability (27). This was generally the case since the 
study institution routinely uses preoperative sinus CTs for sur-
gical planning and intraoperative image-guidance for pediatric 
ESS. Lund-Kennedy nasal endoscopy scores (28) were calculated 
by the attending otolaryngologist at the time of surgery after 
induction of anaesthesia. 

Table 2. Demographics and past medical history of pediatric patients 

undergoing endoscopic sinus surgery.

Demographic/Comorbidity CF Non-CF*

Male 3 6

Female 7 5

Age, mean (SD) 10.8 (3.1) 10.9 (3.9)

Race/Ethnicity

     White 9 9

     American Indian/Alaskan Native 1 1

     Hispanic 0 1

Parental Education

     High School Degree 3 3

     Associate’s/Bachelor’s Degree 4 5

     Graduate Degree 3 3

Medicaid 4 3

Private Insurance 6 8

Environmental Allergies, n (%) 2 (20) 5 (45)

Asthma, n (%) 3 (30) 8 (73)

Nasal Polyps, n (%) 9 (90) 4 (36)

Home Tobacco Exposure, n (%) 0 (0) 2 (18)

History of Adenoidectomy, n (%) 2 (20) 6 (55)

History of Sinus Surgery, n (%) 6 (60) 1 (9)

Number of previous sinus surgeries, 
mean (SD)† 2.83 (2.2) 1

Statistical analysis
To evaluate the change in CRS-specific quality of life, 3 paired t-
tests compared preoperative to 30-90 days postoperative scores: 
1) mean SN-5 scores, 2) total parent proxy-reported SNOT-16 
scores, and 3) total child self-reported SNOT-16 scores. To assess 
the change in general health-related quality of life, 2 paired t-
tests compared preoperative to 30-90 days postoperative scores: 
1) PedsQLTM parent proxy-report and 2) PedsQLTM child self-
report. To compare child self-report of CRS symptoms to parent 
proxy-report, a paired t-test compared preoperative SNOT-16 
child self-reported scores to preoperative SNOT-16 parent proxy-
reported scores, which subsequently led to a post-hoc analysis 
investigating the relationship of age - 5 to 11 vs. 12 to 18 - and 
type of symptom on the difference between parent and child 
report of CRS-specific symptoms.  To investigate the association 
between Lund-Kennedy nasal endoscopy scores and Lund-
Mackay sinus CT scores, a Spearman correlation coefficient was 
calculated. All statistical analysis was performed on Minitab 16® 
(Minitab Inc., State College, PA, USA) using two-tailed statistical 
tests.
 
Results
 For the ten patients with CF-related CRS, individual subjective 
and objective outcomes are shown (Table 3). For those patients 
with pre- and post-operative data, the following post-ESS 
changes were noted: decreased parent-proxy-reported sinus 
symptoms with SN-5 parent scores decreasing by 1.85 (p = 
0.001), and SNOT-16 parent scores decreasing by 10.4 (p = 0.02). 
Child self-reported SNOT-16 scores trended toward decreasing 
symptoms after ESS (-6.4, p = 0.08). Parent proxy-reported and 
child self-reported PedsQLTM scores trended toward an impro-
vement in general quality of life post-ESS with increases of 5.3 (p 
= 0.17) and 7.45 (p = 0.19), respectively.

For the eleven CRS patients without CF, individual subjective 
and objective outcomes are shown in Table 4. For those patients 
with pre- and post-operative data, the following post-ESS 
changes were noted: decreased parent-proxy-reported sinus 
symptoms with SN-5 parent scores decreasing by 2.2 (p = 0.002), 
SNOT-16 parent scores decreasing by 9.33 (p = 0.02), and child 
self-reported SNOT-16 scores decreasing by 7.6 (p = 0.001). 
Parent proxy-reported and child self-reported PedsQLTM scores 
trended toward an improvement in general quality of life post-
ESS with an increase of 10.3 (p = 0.052) and 4.1 (p = 0.44). 

For all participants in the study, parents proxy-reported worse 
preoperative sinus specific symptoms than their children self-re-
ported (24.0 vs. 19.6, p = 0.02) with a Pearson correlation of 0.68 
(p = 0.001). Specific symptoms for which parents reported a sta-
tistically significant difference were “blowing nose” (2.1 vs. 1.6, 
p = 0.004), “thick nasal discharge” (1.4 vs. 0.7, p = 0.02), “reduced 

* Chronic rhinosinusitis in a patient without cystic fibrosis

† Mean number of previous sinus surgeries in patients with a history of 

sinus surgery
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productivity” (1.3 vs. 0.7, p = 0.003), and “reduced concentration” 
(1.2 vs. 0.8, p = 0.009). When total SNOT-16 scores were stratified 
by age, there was no statistical difference between parent and 
child report for 5-11 year old participants (23.9 vs. 21.3, p = 0.31), 
but there was a difference between parent and child report for 
12-18 year olds (24.1 vs. 17.3, p = 0.01). There was no significant 
difference between parent proxy-report and child self-report of 
general quality of life (72.9 vs. 73.7, p = 0.78).

The Pearson correlation of Lund-Mackay sinus CT scores with 
Lund-Kennedy nasal endoscopy scores for all patients under-
going ESS for CRS was 0.51 (p = 0.04; Figure 1).

Discussion
This data shows that children with chronic rhinosinusitis (CRS) ± 
cystic fibrosis that failed maximal medical therapy and elected 
endoscopic sinus surgery (ESS) have impaired pre-ESS general 
quality of life and improve their CRS-specific symptoms 1-3 
months post-ESS. Additionally, in these patients pre-ESS nasal 
endoscopy scores correlate with sinus CT scores, and parents 
proxy-report worse CRS symptoms than their children self-

Table 3. Subjective and objective outcomes for patients undergoing endoscopic sinus surgery for chronic rhinosinusitis associated with cystic fibrosis 

‡.

ID† Age Sex

Preop
SN-5 

Parent

Preop 
SNOT-

16 
Parent

Preop 
SNOT-

16 
Child

Preop 
Peds-
QLTM 
Total 

Parent

Preop 
Peds-
QLTM 
Total 
Child

Preop 
Sinus 
CT¶

Preop 
Nasal 
Endo-
scopy

Postop
SN-5 

Parent

Postop 
SNOT-

16 
Parent

Postop 
SNOT-

16 
Child

Postop 
Peds-
QLTM 

Total 
Parent

Postop 
Peds-
QLTM 

Total 
Child

1 6 M 4.4 13 1 84.4 89.1 9 12 2.8 9 1 78.3 93.5

2 6 F 3.6 9 20 87.0 78.3 4 10 * * * * *

3 9 F 5.2 29 18 73.9 77.2 § 10 2.4 19 14 73.9 83.7

4 10 M 4.2 19 9 77.2 92.4 § 12 4.6 14 0 72.8 97.8

5 11 F 6.4 39 29 31.5 50.0 12 9 * * * * *

6 12 F 5.0 30 20 59.8 84.8 16.4 13 3.4 8 16 81.5 84.8

7 12 F 3.6 15 5 92.4 93.5 21.8 7 1.4 7 1 91.3 95.7

8 13 M 5.0 33 29 59.8 56.5 13 5 2.2 13 6 70.7 93.5

9 14 F 4.4 16 8 85.9 83.7 23 10 2.2 5 10 93.5 88.0

10 15 F 4.2 10 6 90.2 94.6 16 8 2.2 5 10 93.5 88.0

Mean 10.8 4.6 21.3 14.5 74.2 80.0 14.4 9.6 2.7 11 6.38 81.8 91.0

SD (3.1) (0.84) (10.6) (10.1) (19.0) (15.4) (6.3) (2.5) (1.0) (4.6) (6.3) (9.4) (5.1)

‡ Scores rounded to the nearest tenth where appropriate. All analysis performed on raw unrounded scores.  † Patient ID sorted by age from youngest 

to oldest. ¶ For patients with absent frontal sinuses, total Lund-Mackay sinus CT scores were converted to a 24 point scale, * Lost to follow-up,  

§ Performed  > 130 days prior to surgery. 

Figure 1. Correlation of preoperative Lund-Mackay sinus CT scores with 

Lund-Kennedy nasal endoscopy scores in pediatric patients undergoing 

endoscopic sinus surgery for chronic rhinosinusitis, Spearman correla-

tion coefficient = 0.51 (p = 0.04).  
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report. These findings are strengthened by the study’s prospec-
tive design and use of multiple instruments assessing similar 
quality of life domains. However, the study is limited by its lack 
of randomization or blinding. The pediatric patients whom an 
otolaryngologist recommends to undergo ESS for CRS are not 
representative of the entire CRS population. It is possible that 
subjects who undergo surgery may have worse preoperative 
disease severity, more financial resources, and more motivation 
to seek effective treatment outcomes. The lack of blinding in 
the study also introduces bias.  By knowing whether surgery 
has been performed, the parent and child may have a higher 
expectation of benefit than if they were to receive only medical 
therapy. Furthermore, these conclusions must take into account 
the small sample size of this study, which limits its generalizabi-
lity. 
It is generally believed that patients with CRS who fail medical 
therapy and elect ESS have impaired general quality of life 
preoperatively (6,25). The results of the present study corroborate 
these prior results. Parent PedsQLTM proxy-report scores tren-
ded toward a lower quality of life for this study’s patients with CF 

(74.24) and without it (71.6), as compared to published values 
for a healthy population (81.34) (19). Similarly, child PedsQLTM 
self-report scores trended toward a lower quality of life for this 
study’s patients with CF (80.0) and without it (68.0) as compared 
to published values for a healthy population (82.87) (19). 
This study’s observed improvement in CRS-specific quality of life 
in pediatric patients electing ESS is consistent with the literature 
in patients with (29) and without (7,8,30) CF. For CRS patients without 
CF, of note,  this study is the first to show that improvement 
from the perspective of both the parent (SNOT-16 and SN-5) 
and child (SNOT-16). In the CF-related CRS group, these results 
were similar—improved symptom scores based on parent SN-5 
and SNOT-16 proxy-report—but the child self-reported SNOT-16 
scores did not reach statistical significance. These results agree 
with other studies of CF patients with CRS undergoing ESS in 
pediatric (31) and mixed pediatric/young adult populations (10,32,33), 
as reviewed by MacDonald et al. (34). These points are made 
cautiously, noting that there is no non-surgical comparison 
group in the present studies or the cited studies to assess the 
natural course of the disease. Furthermore, it should be noted in 

Table 4. Subjective and objective outcomes for patients without cystic fibrosis undergoing endoscopic sinus surgery for chronic rhinosinusitis ‡.

ID† Age Sex

Preop
SN-5 

Parent

Preop 
SNOT-

16 
Parent

Preop 
SNOT-

16 
Child

Preop 
Peds-
QLTM 
Total 

Parent

Preop 
Peds-
QLTM 
Total 
Child

Preop 
Sinus 
CT¶

Preop 
Nasal 
Endo-
scopy

Postop
SN-5 

Parent

Postop 
SNOT-

16 
Parent

Postop 
SNOT-

16 
Child

Postop 
Peds-
QLTM 
Total 

Parent

Postop 
Peds-
QLTM 
Total 
Child

11 7 M 4.2 32 27 73.9 47.8 11 4 4 27 14 77.2 70.7

12 7 M 4.8 29 37 43.5 19.6 § 5 * * * * *

13 7 M 4.6 13 25 64.1 63.0 § 7 4 24 14 75.0 89.1

14 7 M 6.0 32 24 79.4 69.6 § 4 1.2 10 18 80.4 67.4

15 10 M 4.6 22 18 89.1 90.2 § 2 1.4 3 5 98.9 89.1

16 11 F 4.0 17 15 100.0 97.8 19 2 1.8 4 9 100 88.0

17 11 F 4.8 33 32 60.9 60.9 22 10 3.2 30 31 67.4 41.3

18 12 F 5.2 29 18 68.5 67.4 7 3 4.2 18 15 73.9 66.3

19 13 F 6.4 45 27 59.8 68.5 3 4 4 37 24 70.7 72.8

20 17 F 5.2 15 16 54.4 81.5 17 10 1.6 1 4 98.9 98.9

21 18 M 4.4 24 27 94.6 81.5 11 6 * * * * *

Mean 10.9 4.9 26.5 24.2 71.6 68.0 12.9 5.2 2.8 17.1 14.9 82.5 76.0 

SD (3.9) (0.7) (9.4) (6.9) (17.7) (21.4) (6.8) (2.8) (1.3) (4.6) (8.7) (13.1) (17.4)

‡ Scores rounded to the nearest tenth where appropriate. All analysis performed on raw unrounded scores.  † Patient ID sorted by age from youngest 

to oldest. ¶ For patients with absent frontal sinuses, total Lund-Mackay sinus CT scores were converted to a 24 point scale, * Lost to follow-up,  

§ Performed  > 130 days prior to surgery. 
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