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Abstract

Background Patients with chronic rhinosinusitis (CRS) and immunoglobulin deficiencies (ID) have more recalcitrant
sinonasal disease and a subset of these patients undergo surgical management for their CRS. However, there is a
paucity of literature on the surgical outcomes in this patient population and appropriate treatment algorithms for CRS
in patients with ID. The objective of this study was to better elucidate the outcomes of endoscopic sinus surgery (ESS)
in patients with ID in terms of disease-specific quality-of-life scores and the need for revision surgery.

Methods A case—control study was performed comparing adult patients with ID and healthy controls that had
undergone ESS for CRS. Patients were matched based on age, sex, CRS phenotype, and preoperative Lund-Mackay
score. The revision surgery rates, time to revision surgery, and changes in sinonasal outcome tests (SNOT-22) were
evaluated.

Results Thirteen patients with CRS and ID were matched to 26 control patients with CRS. The revision surgery rate for
cases and controls was 31% and 12%, respectively, but there was no statistical difference (p>0.05). There was a clini-
cally meaningful reduction in SNOT-22 scores in both groups from the preoperative to postoperative period [mean of
12 points in patients with ID (p=0.323) and 25 points in controls (p < 0.001)], however, there was again no significant
difference between cases and controls (p >0.05).

Conclusion Our data suggests that patients with ID have clinically meaningful improvement in SNOT-22 scores after
ESS but may have higher revision rates than immunocompetent patients with CRS. ID are rare disease entities, thus
most attempts at studying this cohort would be limited by sample size. Further homogenous data on immunoglobu-
lin deficient patients is required for future meta-analysis to better understand the impact of ESS in patients with ID.
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Introduction

The relationship between recalcitrant chronic rhinosi-
nusitis (CRS) and immunoglobulin deficiencies (ID) has
been well established with some reports demonstrating
that up to 54% of patients with refractory CRS have an
underlying ID [1-3]. Given the rarity of this condition, it
is unsurprising that the treatment of CRS in patients with
ID has been consistently identified as an area requiring
further research by several clinical guidelines [4, 5]. This
patient population is compared to other types of immu-
nodeficiency given the congenital nature of the disease
and the unique treatment options available to them such
as immunoglobulin replacement therapy (IRT) [6].

Given the recalcitrant nature of CRS in patients with
ID, many patients eventually require endoscopic sinus
surgery (ESS). The evidence on the outcomes of ESS in
this population is lacking. This has many reasons, includ-
ing the propensity for exclusion from large cohorts,
the heterogeneity of the types of immunodeficiencies in
reported cohorts, as well as the use of non-validated
clinical outcome measures. In a systematic review per-
formed by the authors of this study, ESS was found
to be beneficial for symptom control in patients with
immunodeficiency [7]. Based on the systematic review
and following literature review, we did not identify any
studies investigating the outcomes of ESS in a homog-
enous group of patients with ID without conglomera-
tion with other types of immunodeficient states; such as
solid organ transplant recipients or patients with human
immunodeficiency virus (HIV) infection [7]. Thus, the
primary objective of this study was to evaluate the sinon-
asal outcomes after ESS in patients with ID as defined by
the change in quality-of-life (QoL) scores and need for
revision surgery.

Methods

Study design

A retrospective case—control study of adult patients
(18 years of age and older) who underwent ESS for
CRS between 2009 and 2019 was conducted. Patients
were identified from the senior author’s (J.M.L) surgi-
cal database and their electronic records were reviewed.
Approval of this study was granted by the Unity Health
Toronto Research Ethics Board.

Selection of cases and controls

Cases were defined as patients with ID and CRS that
underwent ESS. Diagnosis of ID was made by a clinical
immunologist and based on reduced serum levels of one
or more of the following immunoglobulins: IgA, IgE, IgG,
and IgG I-V subclasses. Patients with primary immuno-
deficiencies including common variable immunodefi-
ciency (CVID) and those with isolated IDs were included
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in the study [8]. Patients with both chronic rhinosinusitis
with nasal polyps (CRSWNP) and chronic rhinosinusitis
without nasal polyps (CRSsNP), as defined by the Ameri-
can Academy of Otolaryngology-Head and Neck Surgery
guidelines, were included [9].

Controls were selected if they underwent ESS for
CRSsNP or CRSWNP and did not have ID. We excluded
patients with recurrent acute rhinosinusitis, cystic fibro-
sis, ciliary dysplasia, aspirin exacerbated respiratory dis-
ease, granulomatosis with polyangiitis, and allergic fungal
sinusitis. Patients with clinically significant acquired
immunodeficiencies such as uncontrolled HIV infection,
chronic immunosuppressive medication use, and hema-
tologic malignancies were excluded as well.

Data collected

Information on age, sex, comorbidities, CRS pheno-
type, type of immunodeficiency, extent of surgery, and
revision status was collected. All cases and controls had
preoperative sinus computed tomography (CT) scans
available. The Sino-Nasal Outcome Test-22 (SNOT -22)
survey was administered at each clinic visit. Preoperative
Lund-MacKay scores (LMS) were scored by a blinded,
senior Otolaryngology-Head and Neck Surgery resident
(S.S.). Immunoglobulin deficiencies and whether IRT (for
example, intravenous or subcutaneous immunoglobulin)
was required was determined through documentation
of a consulting immunologist. The IRT regimens were
recorded when applicable.

ESS and postoperative management

The extent of ESS was tailored to the degree of disease
and the involved sinuses using the Messerklinger tech-
nique. Complete ESS was defined as maxillary antrosto-
mies, total ethmoidectomies, sphenoidotomies, frontal
sinusotomies, and nasal polypectomies if polyps were
present. Limited ESS was defined as any ESS that did not
fit the definition of complete ESS [10]. Select patients
underwent concurrent endoscopic septoplasty if clini-
cally indicated. Revision ESS was defined as any revision
surgery, either complete or limited ESS, by the senior
author (J.M.L.).

Postoperatively, these patients were prescribed
clarithromycin 500 mg twice daily for two weeks if not
allergic and instructed to continue with high volume
saline nasal rinses at least twice daily. Prednisone was
prescribed depending on the burden of nasal polyps.
Intranasal steroids were restarted 2 weeks post-surgery.

SNOT-22 scores

All available SNOT-22 scores for each patient were col-
lected. In addition to total SNOT-22 scores, the individ-
ual ratings from each of the twenty-two questions were
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collected. The 22 items in the SNOT-22 survey were
then subclassified into 5 domains (Additional file 1) [11].
Postoperative SNOT-22 scores were only included in
the analysis if they had been completed >3 months after
surgery.

Matching process and statistical analysis

Descriptive statistics were used to summarize the charac-
teristics of the overall cohort. The ‘Matching’ package in
R was used to match cases and controls. The cases were
matched to controls based on age (+10 years), sex, dis-
ease status (CRSsNP vs. CRSWNP), and LMS (+5 points).
To assess covariate balance, standardized mean differ-
ences (SMD) were examined. A SMD<0.1 indicated a
good balance between the two groups. Means and stand-
ard deviations (+SD) were used to report quantitative
data. Rate of revision surgery was compared using Fish-
er’s exact test. Changes in SNOT-22 scores and times to
revision surgery were compared using the Mann—Whit-
ney test. P values were adjusted (P,4) using the Holm-
Bonferroni method to account for multiple comparisons
where applicable. A significance level of 0.05 was used for
all tests. All analyses were performed in R version 3.6.3.

Results

Patient characteristics

There were 13 cases and 26 controls. The demographic
and clinical variables are reported in Table 1. Good bal-
ance was observed among the matching variables apart
from the LMS (SMD=0.274). The average difference in
Lund MacKay scores between the cases and controls was
0.85+/—1.69 points. Based on inspection of the distribu-
tion of LMS and clinical judgment, this difference was
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not considered large enough to be clinically significant.
The mean follow-up time for the controls was 24 (+22.5)
months, and the mean follow-up time for cases was 44
(+36.7) months.

Among the cases, 4 (31%) had common variable immu-
nodeficiency, 5 (38%) had IgG deficiency, 3 (23%) had
unspecified hypogammaglobulinemia, and 1 (8%) had IgE
deficiency. Six patients (46%) with ID received IRT. Three
patients were on monthly doses of 30-40 g of intrave-
nous immunoglobulin (IVIG). One patient received 45 g
of IVIG every 2—-3 weeks. Two patients were on subcu-
taneous immunoglobulin injections ranging from 6 to
8 g per week. Of the 6 patients who received IRT, 50% of
them had CRSwWNP and 67% of them had CVID. The IRT
was indicated in these patients as 4/6 (67%) experienced
recurrent pneumonia, whereas 2/6 (33%) experienced
recurrent sinus infections and gastrointestinal infections.
Two (33%) of the patients on IRT required revision FESS.

SNOT-22 scores

Ten patients with ID and 21 control patients had com-
pleted preoperative and postoperative SNOT-22 ques-
tionnaires. Preoperatively, the mean score among patients
with ID was 54.7 (+25.3) and among control patients, the
mean score was 51.0 (+22.9). Postoperatively, the mean
score for patients with ID and control patients was 42.6
(+£24.8) and 26.0 (+22.6), respectively. Changes in total
and subdomain SNOT-22 scores from pre- to post-sur-
gery are presented in Table 2. There were no significant
changes in the mean preoperative and postoperative
score in patients with ID (p =0.323). However, there were
significant differences between preoperative SNOT-22

Table 1 Characteristics of cases and controls undergoing endoscopic sinus surgery

Patients with immunoglobulin Patients without immunoglobulin SMD?
deficiency (n=13) deficiency (n=26)
Male (n, %) 5(39) 10 (39) <0.001
Age (mean +SD) 442 (15) 43.7 (14) 0.040
Asthma (n, %) 6 (46) 12 (46) <0.001
CRSWNP (n, %) 8(62) 16 (62) <0.001
CRSsNP (n, %) 5(39) 10 (39)
Preoperative LMS (mean + SD) 13.8 (+3.0) 129(x£3.2) 0274
Follow up time in months (mean +SD) 44 (+£36.7) 240 (£22.5) NA
Complete ESSP 9 (69) 24 (92) NA
Limited ESS® 4(31) 2(8) NA
Concurrent Septoplasty 2 (15) 7(27) NA

CRS chronic rhinosinusitis, CRSsNP chronic rhinosinusitis withoutt nasal polyps, CRSWNP chronic rhinosinusitis with nasal polyps, LMS Lund MacKay score, SD standard

deviation, SMD standardized mean difference, ESS endoscopic sinus surgery

2 ASMD<0.1 indicated a good balance between the two groups

b Complete ESS was defined as maxillary antrostomies, total ethmoidectomies, sphenoidotomies, frontal sinusotomies, and nasal polypectomies if polyps are present

¢ Limited ESS was defined as any ESS that did not fit the definition of complete ESS
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Table 2 Comparison of preoperative and postoperative SNOT-22 scores between cases and controls
Mean change?® in SNOT-22 for patients with Mean change?® in SNOT-22 for P value
immunoglobulin deficiencies (SD) (n=10) controls (SD) (n=21)
Total SNOT-22 score —12.1(26.0) —25.0(134) 0.218
Rhinologic symptoms domain —33(7.3) —-9.1(5.3) 0.126
Extranasal rhinologic symptoms domain —1443) —4.1(29) 0.145
Ear/facial symptoms domain —1.7(4.8) —4.7(4.0) 0.294
Psychological dysfunction domain —53(11.2) —-72(63) 0.580
Sleep dysfunction domain —28(56) —4.0(4.5) 0.580

?These values represent the mean of the change in SNOT-22 score for each individual patient

IQR interquartile range, SNOT-22 sinonasal outcomes test-22 items

and postoperative SNOT-22 scores in the control group
(p<0.001).

Revision rates

Four cases and 3 controls underwent revision surgery
resulting in a revision surgery rate of 31% and 12%,
respectively (p=0.194). Table 3 summarizes the charac-
teristics of both the cases and controls who did and did
not require revision surgery. The mean time to revision
surgery for cases was 41.5 (+22.9) months and the mean
time for controls was 46.7 (+ 31.4) months (p =1.00).

Discussion

The lack of guidelines for the management of CRS in
patients with immunodeficiencies has led to clinical
uncertainty and highly variable practice patterns [12].
CRS in patients with ID has been identified as an area
where further evidence is needed in both the recent
International Consensus Statement on Allergy and Rhi-
nology for Rhinosinusitis and the European Position
Paper on Rhinosinusitis [4, 5]. Furthermore, the impact
of underlying ID on sinus surgery outcomes remains
unclear [3, 7]. Thus, there is a compelling need for further

research in this area, specifically for patients with ID
as the pathophysiology of their immunodeficiency is
unique, and they are candidates for other modalities of
treatment, primarily IRT.

The limited available research on ESS in adult patients
with immunodeficiencies suggests that they may experi-
ence similar benefit in terms of QOL scores when com-
pared to immunocompetent patients, however no data
solely addresses patients with ID [2, 7, 13, 14]. Khalid
et al. conducted a case control study of ESS outcomes in
patients with immune dysfunction (that included both
immunodeficiencies and autoimmune conditions) and
found that both cases and controls had similar improve-
ments in QOL scores (Chronic Sinusitis Survey and
Rhinosinusitis Disability Index) after ESS [13]. A study
by Miglani et al. found a median reduction of 17 points
in SNOT-22 at 6 months after ESS in 21 patients with
immunodeficiency[15]. However, they did not define
the types of immunodeficiencies included. In our study,
the mean change between preoperative and postopera-
tive scores was a 12-point decrease in SNOT-22 score in
the patients with ID and a 25-point decrease in the con-
trols. Although patients with ID experienced clinically

Table 3 Comparison of cases and controls who did and did not undergo revision surgery

Revision surgery (Cases) No revision surgery Revision surgery No Revision
(N=4) (Cases) (N=9) (Controls) (N=3) surgery (Controls)
(N=23)
Male (n, %) 2(50) 3(33) 1(33) 8(35)
Age (mean +SD) 34.8+86 484+159 4534200 434+133
Asthma (n, %) 2(50) 4 (44) 1(33) 11(48)
CRSWNP (n, %) 4 (100) 4 (44) 2(67) 14
CRSsNP (n, %) 0(0) 5(56) 1(33) 9
Preoperative LMS (mean + SD) 14422 13.7+34 13.3+6.1 127429
Complete ESS? (%) 4 (100) 7(78) 3(100) 22
Limited ESS (%) 000 2(22) 0(0) 1

SD standard deviation, ESS endoscopic sinus surgery, LMS Lund Mackay score, CRSsNP chronic rhinosinusitis without nasal polyps, CRSWNP chronic rhinosinusitis with

nasal polyps

2 Complete ESS was defined as maxillary antrostomies, total ethmoidectomies, sphenoidotomies, frontal sinusotomies, and nasal polypectomies if polyps are present

b Limited ESS was defined as any ESS that did not fit the definition of complete ESS
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significant improvement in SNOT-22, our study did not
detect a statistically significant difference between their
preoperative and postoperative scores [16—18]. Unsur-
prisingly, there was improvement in SNOT-22 post-
operatively for controls (p<0.001). There was also no
statistically significant difference in SNOT-22 improve-
ment between cases and controls (p=0.323).

This study also evaluated the revision surgery rates
and found a 31% revision surgery rate in the cases and a
12% rate in the controls. When compared to other studies
assessing revision surgery rates in patients with CRS and no
immunodeficiency, the revision surgery rates ranged from
4 to 16% with asthma, aspirin exacerbated respiratory dis-
ease, and nasal polyps having higher rates of revision sur-
gery [15, 19-21]. Miglani et al. [15] reported a 14% revision
surgery rate for patients with immunodeficiency, however
their overall mean follow up time was 28 months whereas
the present study had a 44 month mean follow up time for
patients with ID. Other studies reporting on revision surgery
rates in patients with immunodeficiency included exclusively
patients with HIV and reported rates of 0-15% [22, 23].
However, these patients have a different pathophysiology
underlying their immunodeficiency, and measures to assess
disease control (such as CD4 count and viral load) were
inconsistently reported in these studies. The revision surgery
rate among patients with ID in this study is likely higher than
patients without immunodeficiency based on the available
evidence both in our study and the available literature; how-
ever, this did not meet statistical significance (p=0.194).

The mean time to revision surgery was similar between
both the cases and controls at 42 months and 47 months,
respectively, which is comparable to other literature
reporting on time to revision surgery in CRS [19, 20, 24,
25]. The present study found no significant differences
between the time to revision surgery between cases and
controls.

We acknowledge several limitations. Firstly, the group
of patients with ID remains heterogenous to some degree
as both patients with CVID and isolated immunoglobu-
lin deficiencies were included. Additionally, the controls
used in this study were not specifically screened for
ID as this is not part of our routine practice and thus,
could have had subclinical ID. Because ID is a rare clini-
cal entity, the small sample size in this study could have
impacted our ability to detect statistically significant dif-
ferences between the cases and controls. Moreover, there
was heterogeneity in the extent of surgery and postop-
erative regimens which were not directly accounted for
in the matching model but were approximated through
matching on LMS and polyp status. Although disease
severity was quantified by preoperative LMS, this study
did not include endoscopy scores, frequency of acute
sinus or pulmonary exacerbations, or use of antibiotics.
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Given that patients with ID are more susceptible to infec-
tion, the impact of sinus surgery on the frequency and
severity of acute exacerbations is an area which certainly
deserves further investigation. There is preliminary evi-
dence to suggest that patients with ID had a reduction
in the mean number of antibiotics prescribed for sin-
opulmonary infections and LM scores after ESS [26].
Unfortunately, there was no reliable way to determine
the number of acute exacerbations or antibiotic pre-
scriptions using the electronic medical record used to
collect our data. Furthermore, 6 cases received IRT and
the impact of this was not accounted for in our study.
Finally, the controls had a shorter follow up time than
the cases (24 months vs. 44 months) and thus we may
have missed additional revision surgeries in the control
group that were indicated later. However, there is evi-
dence which suggests that almost half of revision sur-
geries are performed within 1 year of the initial surgery
and thus, the follow up time for controls in the current
study would have been adequate to include most patients
who required revision surgery [20]. Despite these limita-
tions, this study represents one of the largest studies on
ESS outcomes in immunodeficient patients, and the first
to report surgical outcomes in a homogenous cohort of
patients with ID. In addition, this study addresses several
of the limitations in the existing literature on this patient
population including using standardized QoL measures,
clearly defining the extent of surgery, and clearly defining
the immunodeficient patient population [7]].

Conclusion

This study represents one of the first and largest case—
control studies to investigate ESS outcomes in patients
with ID. The results of this study suggests that patients
with ID experience clinically meaningful improvement
in SNOT-22 scores after ESS, but may have higher revi-
sion rates than other patients with CRS. However, given
the limitations of this study, further research is needed
to clarify the impact of ESS in this patient population
and specifically on acute exacerbations of sinopulmo-
nary disease and the impact of IRT on surgical out-
comes in this patient population.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540463-023-00648-3.

[ Additional file 1. SNOT-22 domains and survey items. }

Acknowledgements
We would like to acknowledge Julia Ma for her assistance with the statistical
analysis.


https://doi.org/10.1186/s40463-023-00648-3
https://doi.org/10.1186/s40463-023-00648-3

Samargandy et al. Journal of Otolaryngology - Head & Neck Surgery

Author contributions

EG: Collected the data/Contributed data or analysis tools/Performed the anal-
ysis/Wrote the paper. SS: Conceived and designed the analysis/Collected the
data. JY: Conceived and designed the analysis/Collected the data/Contributed
data or analysis tools/Performed the analysis. JML: Conceived and designed
the analysis/Collected the data/Contributed data or analysis tools/Performed
the analysis. All authors read and approved the final manuscript.

Funding
None.

Availability of data and materials
The datasets used and analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Unity Health Toronto Research Ethics Board. (REB #: 19-285).

Consent for publication
Not applicable.

Competing interests
JML has received research grants and honoraria from Baxter corporation. All
other authors declare no potential competing interests.

Received: 18 November 2022 Accepted: 5 June 2023
Published online: 29 June 2023

References

1. Chee L, Graham SM, Carothers DG, Ballas ZK. Immune dysfunc-
tion in refractory sinusitis in a tertiary care setting. Laryngoscope.
2001;111(2):233-5. https://doi.org/10.1097/00005537-200102000-00008.

2. Mazza JM, Lin SY. Primary immunodeficiency and recalcitrant
chronic sinusitis: a systematic review. Int Forum Allergy Rhinol.
2016;6(10):1029-33.

3. Schwitzguébel AJP, Jandus P, Lacroix JS, Seebach JD, Harr T. Immuno-
globulin deficiency in patients with chronic rhinosinusitis: systematic
review of the literature and meta-analysis. J Allergy Clin Immunol.
2015;136(6):1523-31.

4. Fokkens WJ, Lund VJ, Hopkins C, Hellings PW, Kern R, Reitsma S, et al.
European position paper on rhinosinusitis and nasal polyps 2020. Rhinol-
ogy. 2020;58(Suppl S29):1-464.

5. Orlandi RR, Kingdom TT, Smith TL, Bleier B, DeConde A, et al. International
consensus statement on allergy and rhinology: rhinosinusitis. Int Forum
Allergy Rhinol. 2021;11(3):213-739. https://doi.org/10.1002/alr.21694.

6.  Ocampo CJ, Peters AT. Antibody deficiency in chronic rhinosinusitis:
epidemiology and burden of illness. Am J Rhinol Allergy. 2013;27(1):34-8.

7. Samargandy S, Grose E, Chan'Y, Monteiro E, Lee JM, Yip J. Medical and
surgical treatment outcomes in patients with chronic rhinosinusitis
and immunodeficiency: a systematic review. Int Forum Allergy Rhinol.
2021;11(2):162-73.

8. Bonilla FA, Barlan |, Chapel H, Costa-Carvalho BT, Cunningham-Rundles C,
de la Morena MT, et al. International consensus document (ICON): com-
mon variable immunodeficiency disorders. J Allergy Clin Immunol Pract.
2016;4(1):38-59.

9. Rosenfeld RM. Clinical practice guideline on adult sinusitis. Otolaryngol
Head Neck Surg. 2015;152(2 Suppl):S1-39. https://doi.org/10.1016/j.
otohns.2007.07.021.

10. Lee DJ, Yao CMKL, Sykes J, Rizvi L, Tullis E, Lee JM. Complete versus limited
endoscopic sinus surgery for chronic rhinosinusitis in adults with cystic
fibrosis. Otolaryngol Head Neck Surg. 2020;162(4):572-80.

11. DeConde AS, Mace JC, Bodner T, Hwang PH, Rudmik L, Soler ZM,
et al. SNOT-22 quality of life domains differentially predict treatment
modality selection in chronic rhinosinusitis. Int Forum Allergy Rhinol.
2014;4(12):972-9.

(2023) 52:43

Page 6 of 6

2. Patel ZM. Practice patterns regarding noninvasive rhinosinusitis in the

immunosuppressed patient population. Allergy Rhinol. 2013;4(3):e151-4.

13. Khalid AN, Mace JC, Smith TL. Outcomes of sinus surgery in ambulatory
patients with immune dysfunction. Am J Rhinol Allergy. 2010;24(3):230-3.

14. Dao AM, Rereddy SK, Wise SK, DelGaudio JM, Patel ZM. Management of
non-invasive rhinosinusitis in the immunosuppressed patient population.
Laryngoscope. 2015;125(8):1767-71.

15. Miglani A, Divekar RD, Azar A, Rank MA, Lal D. Revision endoscopic sinus
surgery rates by chronic rhinosinusitis subtype. Int Forum Allergy Rhinol.
2018;8(9):1047-51.

16. Phillips KM, Hoehle LP, Caradonna DS, Gray ST, Sedaghat AR. Determi-
nants of noticeable symptom improvement despite sub-MCID change
in SNOT-22 score after treatment for chronic rhinosinusitis. Int Forum
Allergy Rhinol. 2019;9(5):508-13.

17. Phillips KM, Hoehle LP, Caradonna DS, Gray ST, Sedaghat AR. Minimal
clinically important difference for the 22-item Sinonasal Outcome Test in
medically managed patients with chronic rhinosinusitis. Clin Otolaryngol.
2018;43(5):1328-34.

18. Chowdhury NI, Mace JC, Bodner TE, Alt JA, Deconde AS, Levy JM, et al.
Investigating the minimal clinically important difference for SNOT-22
symptom domains in surgically managed chronic rhinosinusitis. Int
Forum Allergy Rhinol. 2017;7(12):1149-55.

19. Smith KA, Orlandi RR, Oakley G, Meeks H, Curtin K, Alt JA. Long-term
revision rates for endoscopic sinus surgery. Int Forum Allergy Rhinol.
2019,9(4):402-8.

20. Stein NR, Jafari A, DeConde AS. Revision rates and time to revision follow-
ing endoscopic sinus surgery: a large database analysis. Laryngoscope.
2018;128(1):31-6.

21. Gill AS, Smith KA, Meeks H, Oakley GM, Curtin K, LeClair L, et al. Asthma
increases long-term revision rates of endoscopic sinus surgery in chronic
rhinosinusitis with and without nasal polyposis. Int Forum Allergy Rhinol.
2021;11(8):1197-206. https://doi.org/10.1002/alr.22779.

22. Friedman M, Landsberg R, Tanyeri H, Schults RA, Kelanic S, Caldarelli DD.
Endoscopic sinus surgery in patients infected with HIV. Laryngoscope.
2000;110(10 Pt 1):1613-6.

23. Sabini P, Josephson GD, Reisacher WR, Pincus R. The role of endoscopic
sinus surgery in patients with acquired immune deficiency syndrome.
Am J Otolaryngol. 1998;19(6):351-6.

24. Bayer K, Hamidovic S, Besser G, Mueller CA, Liu DT. Factors associated
with revision sinus surgery in patients with chronic rhinosinusitis. J Pers
Med. 2022. https://doi.org/10.3390/jpm12020167.

25. Loftus CA, Soler ZM, Desiato VM, Koochakzadeh S, Yoo F, Storck KA, et al.
Factors impacting revision surgery in patients with chronic rhinosinusitis
with nasal polyposis. Int Forum Allergy Rhinol. 2020;10(3):289-302.

26. Perez M. Decrease in antibiotic use and radiographic sinus severity

after functional endoscopic sinus surgery in patients with chronic

rhinosinusitis and antibody immunodeficiencies. J Allergy Clin Immunol.

2020;147(2):AB134. https://doi.org/10.1016/}jaci.2020.12.487.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1097/00005537-200102000-00008
https://doi.org/10.1002/alr.21694
https://doi.org/10.1016/j.otohns.2007.07.021
https://doi.org/10.1016/j.otohns.2007.07.021
https://doi.org/10.1002/alr.22779
https://doi.org/10.3390/jpm12020167
https://doi.org/10.1016/j.jaci.2020.12.487

	Endoscopic sinus surgery outcomes in patients with chronic rhinosinusitis and immunoglobulin deficiencies
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design
	Selection of cases and controls
	Data collected
	ESS and postoperative management
	SNOT-22 scores
	Matching process and statistical analysis

	Results
	Patient characteristics
	SNOT-22 scores
	Revision rates

	Discussion
	Conclusion
	Anchor 21
	Acknowledgements
	References


