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patients, mostly in humoral immune deficiency. CRS in 
secondary immune deficiency, one of its most severe 
forms being chemotherapy, is less studied compared 
to primary immune deficiencies.[5]

Bone marrow transplantation is one of the key treatments for 
various hematological disorders. Bone marrow transplant 
candidates are immunocompromised due to both the 
underlying disease and the bone marrow transplantation.[6] 
Therefore, these patients are predisposed to different types 
of infection: paranasal sinusitis, being one of the most 

INTRODUCTION

Chronic rhinosinusitis  (CRS) is characterized by an 
inflammatory condition of the paranasal sinuses.[1] 
According to the recent literature, the prevalence of 
CRS is estimated to be over  10%; nonetheless, it has 
great geographical variation.[2,3] The diagnosis of CRS is 
based on the presence of at least two major symptoms 
for at least 12  weeks and either endoscopic signs or 
computed tomography (CT) scan evidence suggestive of 
the disease.[4] CRS is more common in immunodeficient 

Background: The diagnosis of chronic rhinosinusitis  (CRS) is a crucial and challenging entity in bone marrow transplantation 
candidates. We aimed to evaluate the diagnostic accuracy of the Sino‑Nasal Outcome Test (SNOT‑22) and Lund‑Kennedy endoscopic 
score for the diagnosis of CRS in bone marrow transplantation candidates. Materials and Methods: We conducted a single‑center, 
observational study evaluating bone marrow transplantation candidates by paranasal sinus computed tomography (CT) scan without 
contrast to measure the Lund Mackay score. Patients with a Lund Mackay score higher than or equal to four or with any evidence of 
sino‑nasal fungus ball in their paranasal sinus CT were considered CRS. The Lund Kennedy endoscopic score and SNOT‑22 were 
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had a median age of 40 (30, 57) years old and 51.3% were male. The Lund Kennedy score and SNOT‑22 were correlated with the 
Lund Mackay score. Furthermore, both SNOT‑22 and Lund Kennedy scores were the predictors of CRS based on univariate logistic 
regression (odds ratio [95% confidence interval (CI)]: 1.10 [1.06, 1.15], 1.37 [1.22, 1.56], respectively). Lund Kennedy score ≥1 had a 
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common infections in the general population, is concerning 
in this patient population.[6,7] Up to 44% of patients experience 
posttransplantation sinusitis.[6] Pretransplant screening for 
rhinosinusitis using paranasal sinus CT scan is recommended 
and practiced in many transplant centers; however, evidence 
is limited regarding the value of pretransplant CT scan and 
its impact on mortality and morbidity.[6‑8]

Evidence suggests that symptoms and Lund‑Kennedy 
endoscopic score and symptoms in symptomatic CRS 
patients are highly correlated with the Lund‑Mackay 
score.[3] Recently, a novel approach has been suggested for 
prebone marrow transplantation sino‑nasal assessment. It 
has suggested set‑wise use of clinical symptoms, Diagnostic 
Nasal Endoscopy (DNE), and paranasal sinus CT scan to 
reduce cost and radiation.[9] Nonetheless, the evidence 
lacked specific clinical criteria for the diagnosis or set‑wise 
sino‑nasal assessment in terms of clinical symptoms in this 
patient population. Therefore, in this study, we aimed to 
compare the diagnostic value of the Sino‑Nasal Outcome 
Test (SNOT‑22) and Lund‑Kennedy endoscopic score with 
paranasal sinus CT scan for pretransplant assessment of 
CRS in bone marrow transplant candidates.

MATERIALS AND METHODS

Study design
We conducted a single‑center, cross‑sectional study at the 
otolaryngology clinic of Baqiyatallah Hospital, Baqiyatallah 
University of Medical Sciences, Tehran, Iran, from April 
2023 to September 2023. This study was approved by the 
ethics committee of Baghiyatallah University of Medical 
Sciences, Tehran, Iran  (ethical approval ID: IR.BMSU.
REC.1402.078). Written informed consent was obtained from 
all the participants before participation in the study. None 
of the participants was burdened with any additional cost 
for participation in this study.

Participants
We consecutively enrolled all eligible patients who were 
referred to our otolaryngology clinic and were willing 
to participate in this study according to the inclusion 
and exclusion criteria. The inclusion criteria consisted of 
the following:  (1) Immunocompromised patients with 
hematological disease,  (2) candidate for bone marrow 
transplantation, and (3) willing to participate. Patients were 
excluded if they had any symptoms of acute rhinosinusitis.

Data collection
The patient’s demographic information  (i.e.,  age and 
hematologic disease) was recorded, and each patient 
filled out the SNOT‑22 and the SNOT‑22 score was also 
recorded. SNOT‑22 is a validated questionnaire composed 
of 22 items scored from 0 to 5 based on the severity of the 

symptom. The total score of SNOT‑22 ranges from 0 to 
110.[10] A 0.91 Cronbach’s alpha score and 0.93 test‑retest 
reliability coefficient were reported in the literature for the 
SNOT‑22.[11]

The Lund‑Kennedy endoscopy score was also measured 
during the DNE performed by a single expert otolaryngologist. 
After preparing the nasal cavity by packing it with cotton 
soaked with 4% lidocaine and 1:200000 epinephrine 
for 7–10  min, DNE was performed using a 4‑mm rigid 
endoscope (Stor, Tuttlingen, Germany) with a 0° angle. Each 
nasal cavity was assessed regarding nasal polyp, discharge, 
edema, scarring, and crusting. Then, the Lund‑Kennedy 
score was calculated as described in the literature.[12]

All patients underwent paranasal sinus CT scan without 
contrast. Subsequently, the Lund‑Mackay score was 
calculated using the paranasal sinus CT scan by two 
independent otolaryngologists, and any disagreement was 
resolved by discussion. Lund‑Mackay score was calculated 
as described previously in the literature.[13]

Participants were divided into two groups according to 
the presence or absence of CRS. Patients were considered 
to have CRS if they had a Luna‑Mackay score equal to 
or higher than four or had any evidence of sino‑nasal 
fungus ball in their paranasal sinus CT scan. The 
presence of the sino‑nasal fungus ball was assessed by 
two independent otolaryngologists according to the 
available literature, and any disagreement was resolved 
by discussion.[14‑18]

Statistical analysis
The continuous variables were presented as median 
(Interquartile range) for nonparametric variables and 
categorical variables were presented as percentage 
(frequency). The normality of the distribution of continuous 
variables was evaluated by plotting and Shapiro–Wilk’s 
test. Given none of the continuous variables was normally 
distributed, the Mann–Whitney U‑test was employed to 
compare the continuous variables. In addition, a Chi‑squared 
test was employed for the categorical variables if none of 
the expected values were <5; otherwise, a Fisher exact test 
was performed. The correlations were assessed using the 
Spearman correlation tests. A univariate logistic regression 
model was designed for each outcome variable to predict 
CRS. All statistical analyses were performed by R using 
R Studio software  (version  4.2.2.) The RStudio IDE is 
developed by Posit, PBC [19] using “tidyverse,”[20] “ggpubr,”[21] 
“DescTools,”[22] “rstatix,”[23] and “pROC”[24] R packages.

RESULTS

A total of 495  patients enrolled in this study, of which 
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63 were diagnosed with CRS and 432 did not have CRS 
according to the CT scan of paranasal sinuses. The median 
age of participants was 40 (30, 57) years old and 51.3% (254) 
were male. The endoscopy, CT scan, and clinical data were 
collected from all included patients, and no missing values 
were present. The demographic characteristics and primary 
diseases of the participants are presented in Table 1.

The clinical findings of the participants were collected 
using the SNOT‑22 questionnaire. The median SNOT‑22 
score of participants was 0  (0, 8). The Lund‑Mackay 
score was calculated according to the CT scan of the 
paranasal sinuses, and the Lund‑Kennedy score was 
measured based on the DNE. The SNOT‑22 score and 
Lund‑Kennedy score were significantly higher in patients 
diagnosed with CRS, compared to patients without a 
diagnosis of CRS [Table 2].

The SNOT‑22 and Lund‑Kennedy endoscopy scores 
were strongly correlated  (r: 0.62, P < 0.001), whereas the 
correlations between these scores and the Lund‑Mackay 
score were weak  (r: 0.37, P  <  0.001; r: 0.38, P  <  0.001, 
respectively). Univariate logistic regression models 
demonstrated that the SNOT‑22 and Lund‑Kennedy 

endoscopy scores were both significant predictors of 
CRS (odds ratio [95% confidence interval (CI)]: 1.10 [1.06, 
1.15], 1.37 [1.22, 1.56], respectively), as presented in Table 3. 
However, the strong correlation between Lund‑Kennedy 
and SNOT‑22 scores precluded a multiple logistic regression 
model.

The Lund‑Kennedy endoscopy score equal to or higher 
than one yielded a sensitivity of 0.78 (95% CI: 0.66, 0.87) 
and a specificity of 0.76 (95% CI: 0.52, 0.83) (AUC [95% CI]: 
0.81 [0.75, 0.87]) [Table 4]. The Lund‑Kennedy score ≥1 had 
105 false positives and 14 false negatives. The SNOT‑22 score 
yielded a poor discrimination (AUC [95% CI]: 0.64 [0.57, 
0.71]). The receiver operating characteristic (ROC) curves 
are presented in Figure 1.

DISCUSSION

Sino‑nasal assessment regarding CRS is recommended 
before bone marrow transplantation.[6‑8] A novel step‑wise 
approach has been suggested for sino‑nasal assessment 
before bone marrow transplantation.[9] However, it lacks 
specific clinical criteria regarding clinical symptoms. 
Therefore, we aimed to evaluate the diagnostic value of 
the SNOT‑22 and Lund‑Kennedy endoscopy score for 
the diagnosis of CRS in prebone marrow transplantation 
sino‑nasal assessment.

We found a strong, significant correlation between the 
SNOT‑22 score and the Lund‑Kennedy score. Both 
Lund‑Kennedy and SNOT‑22 scores were the predictors of 
CRS based on the univariate logistic regression. Moreover, 
we found that a Lund‑Kennedy score equal to or higher than 
one could diagnose CRS with satisfactory accuracy, while 
the SNOT‑22 did not yield satisfactory diagnostic accuracy.

Consistent with our results, positive DNE findings were 
correlated with paranasal sinus CT scan findings.[25] The 
DNE could be beneficial in the diagnosis of CRS without 
a paranasal sinus CT scan, thus minimizing the utilization 
of a CT scan. A  Lund‑Kennedy score of one or higher 
diagnoses CRS with a specificity of 76%; therefore, CRS 
diagnosis could be considered without a CT scan in bone 
marrow transplantation candidates with a Lund‑Kennedy 
score of one or higher. On the contrary, SNOT‑22 could not 
be employed as a standalone sino‑nasal assessment of bone 

Table 1: Demographic characteristics of patients in 
total and divided according to the presence of chronic 
rhinosinusitis
Variable Total 

(n=495), 
n (%)

CRS (n=63), 
n (%)

Non‑CRS 
(n=432), 

n (%)

P

Age, median  (IQR) 40  (30–57) 47  (33.5–59) 40  (30–56) 0.16
Gender

Male 254  (51.3) 35  (55.5) 219  (50.7) 0.56
Female 241  (48.7) 28  (44.4) 213  (49.3)

Disease
ALL 25  (5.0) 2  (3.2) 23  (5.3) 0.20
AML 83  (16.8) 6  (9.5) 77  (17.8)
AA 11  (2.2) 3  (4.8) 8  (1.8)
CLL 1  (0.2) 0 1.(0.2)
CML 16  (3.2) 5  (7.9) 2.5  (11)

Hodgkin lymphoma 20.6  (102) 12  (19.0) 20.8  (90)
NonHodgkin lymphoma 16.6  (82) 10  (15.9) 72  (16.7)
Multiple myeloma 174  (35.1) 25  (39.7) 149  (34.5)
Myelofibrosis 1 (0.2) 0 1 (0.2)
CRS=Chronic rhinosinusitis; IQR=Interquartile range; ALL=Acute lymphocytic 
leukemia; AML=Acute myeloid leukemia; CLL=Chronic lymphocytic leukemia; 
CML=Chronic myeloid leukemia; AA=Aplastic anemia

Table 2: Computed tomography scan, endoscopy, and clinical findings of all patients and divided by the presence of 
chronic rhinosinusitis
Variable Total, (n=495) CRS, (n=63) Non‑CRS, (n=432) P
Lund‑Mackay CT score, median  (IQR) 0  (0–1) 7  (4–10) 0  (0–0) <0.001*
Lund‑Kennedy endoscopy score, median  (IQR) 0  (0–1) 2  (1–3) 0  (0–0) <0.001*
SNOT‑22 score, median (IQR) 0 (0–8) 3 (0–10) 0 (0–7) <0.001*
CT=Computed tomography; IQR=Interquartile range; CRS=Chronic rhinosinusitis; SNOT‑22=Sino‑nasal outcome test
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marrow transplantation candidates, as it lacks sufficient 
sensitivity and specificity. It is noteworthy that the preferred 
initial imaging is a paranasal sinus CT scan if invasive fungal 
sinusitis is suspected.[9,16]

Recent studies on CRS patients without an underlying disease 
demonstrated that the Visual Analog Scale assessing clinical 
symptoms was strongly correlated with the Lund‑Mackay 
score, and this correlation was stronger than that of 
Lund‑Kennedy and Lund‑Mackay scores.[3] On the other hand, 
the Lund‑Kennedy endoscopy score and Lund‑Mackay CT 
scan score were significantly correlated in patients with cystic 
fibrosis who are also prone to CRS, while the questionnaires 
alone lacked sufficient diagnostic yield.[26] Therefore, it seems 
that the value of clinical symptoms in the assessment of CRS 
might differ in various patient populations according to their 
underlying disease. Our findings are in agreement with those 
of patients with underlying cystic fibrosis.

Evidence suggests that DNE yields a high sensitivity 
for the diagnosis of CRS in symptomatic patients with 
no underlying disease while yielding an unsatisfactory 
specificity.[25] According to our findings, the Lund‑Kennedy 
endoscopy score yielded an acceptable sensitivity and 
specificity for diagnosing CRS in bone marrow transplantation 
candidates. The available literature shows untreated CRS 

increases mortality after liver transplantation.[27] Moreover, in 
patients who are candidates for bone marrow transplantation, 
the timely diagnosis of CRS before transplantation is crucial, 
and this timely diagnosis and treatment are especially 
important in fungal rhinosinusitis.[28] Therefore, the sensitivity 
of the diagnostic or screening modalities for prebone marrow 
transplantation assessment is of substantial importance.

In line with our findings, most recent literature does 
not recommend a paranasal sinus CT scan for all 
patients as a part of sino‑nasal assessment before bone 
marrow transplantation.[9] Furthermore, bone marrow 
transplantation candidates with absolute neutrophil count 
lower than 500/m3 had a lower Lund‑Mackay CT scan 
score when experiencing rhinosinusitis.[29] Therefore, the 
aforementioned approaches should be employed with 
caution in this patient population.

Limitations
Sino‑nasal fungus ball was diagnosed by CT scan and DNE, 
given this study was conducted before surgical intervention 
and obtaining histology sample. The surgically obtained 
histopathology is the gold standard of fungus ball diagnosis 
and the lack of follow‑up in the current study precluded 
us from employing this diagnostic modality. In addition, 
our study lacks a posttransplantation follow‑up to assess 
the predictive value of the Lund‑Kennedy endoscopy score 
and SNOT‑22 for the prediction of posttransplantation 
rhinosinusitis.

CONCLUSION

We found that the Lund‑Kennedy endoscopy score could 
diagnose CRS in bone marrow transplantation candidates 
with satisfactory accuracy, while SNOT‑22 should not be 
employed as a standalone sino‑nasal assessment modality.

Data availability statement
The data that support the findings of this study are available 
from the corresponding author,  (A.S.), upon reasonable 
request.

Table 4: Contingency table of test results according to 
Lund‑Kennedy score

CRS, n (%) Non‑CRS, n (%) P
Lund‑Kennedy score ≥1 49  (77.8) 105  (24.3) <0.001
Lund‑Kennedy score <1 14 (22.2) 327 (75.7)
CRS=Chronic rhinosinusitis

Table 3: Univariate logistic regression model to detect 
chronic rhinosinusitis
Variable β (SE) OR (95% CI) P
Lund‑Kennedy endoscopy score 0.32  (0.06) 1.37  (1.22–1.56) <0.001*
SNOT‑22 score 0.10 (0.02) 1.10 (1.06–1.15) <0.001*
CI=Confidence interval; SE=Standard error; SNOT‑22=Sino‑nasal outcome test; 
OR=Odds ratio

Figure 1: The receiver operating characteristic curves for sino‑nasal outcome test‑22 and Lund‑Kennedy score. CI: Confidence interval
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