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Relationship Between Mucosal Inflammation, Computed
Tomography, and Symptomatology in Chronic Rhinosinusitis

Without Polyposis

Neil Bhattacharyya, MD

Objectives: This study was an attempt to determine whether sinus mucosal inflammation is related to computed tomo-
graphic findings and patients' reported symptoms in chronic rhinosinusitis (CRS) without polyposis.

Methods: i retrospectively reviewed the clinical symptom scores according to the Rhinosinusitis Symptom Inventory
(RSI), the radiographie findings, and the histopathologic findings in the paranasal sinus mucosa for a consecutive series
of adult patients who underwent endoscopie sinus surgery for CRS. Linear regression analysis was conducted for the re-
lationship between tissue pathology inflammatory severity score graded on a 5-point Likert scale and the RSI symptom
domains. A similar analysis was conducted for the relationship between the pathology inflammatory score and the total
Lund score.

Results: The study cohort consisted of 115 adult patients (mean age, 40.2 years). The mean Lund score for the cohort
was 8.8 (95% confidence interval, 7.9 to 9.7). and the mean pathology severity score was 2.1 (median, 2.0). The mean
total symptom score tor the overall cohort was 41.3; the mean total symptom scores for pathology severity grades 0, I,
2, 3, and 4 were 25.0,43.8, 41.8.42.4, and 32.8, respectively. No significant association could be identified between pa-
thology severity and any ofthe 5 RSI symptom domains (nasal, facial, oropharyngeal, systemic, and total symptoms: all
p > .4?>6. linear regression). A statistically significant relationship between total Lund score and pathology severity was
identified (p<.001).

Conclusions: Poor correlation exists between the histopathologic severity of sinonasal inflammation and self-reported
symptom scores in CRS. Histopathologic inflammatory grade alone fails to stratify CRS cases according to disease .symp-
tom severity. Histopathologlc inflammation and computed tomographic findings correlate strongly.
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INTRODUCTION

Chronic rhinosinusitis (CRS) is one of the most
common chronic disease conditions in the United
States, affecting more than 20 million Americans.
Despite its widespread prevalence and advances in
imaging, molecular biological, and microbiological
techniques, the pathophysiology of CRS remains
poorly understood. However, central to almost all
of the pathophysiological models of CRS is the con-
cept of mucosal inflammation.' As CRS is a disease
entity with substantial and various degrees of sever-
ity, investigators have long sought to stage or strati-
fy patients with CRS in order to determine treatment
protocols and predict outcomes for CRS. Previous
investigators have reported on radiographie staging
methods for CRS, but unfortunately, to date, very
little usable correlation has been demonstrated be-
tween radiographie stage and disease symptom se-
verity.- Another potential option for disease severity
staging would be the degree of histopathologic in-

flammation of the sinonasal mucosa. The potential
relationship between sinonasal symptoms and histo-
pathoiogy in CRS has received little attention in the
literature. Therefore, I sought to determine wheth-
er the degree of mucosal inflammation in CRS, as
determined by standard histopathology, correlated
with disease symptom severity scores. If such corre-
lation or stratification existed, this then might allow
stratification of patients with CRS according to their
mucosal pathological status.

METHODS

A consecutive series of adult patients who under-
went endoscopie sinus surgery (ESS) for CRS was
retrospectively reviewed. Patients were included in
the study according to the following inclusion cri-
teria: age over 16 years, satisfied diagnostic criteria
(clinical symptom criteria and radiographie criteria)
for CRS without nasal polyposis, failed standard
medical management, standard ESS undergone with
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Fig 1. Distribution of pathology severity scores accord-
ing to maximum severity of both sides. Mean, 2.1478;
SD,O.84O25:N = I15.

tissue submitted for histopathology, and pathology
findings available for review.'-'*''̂  AU patients were
also required to have completed a preoperative
Rhinosinusitis Symptom Inventory (RSI) cataloging
their symptom severity scores for the major and tni-
nor symptoms of CRS and reporting their medica-
tion usage with respect to CRS.^ For each patient,
standard demographic information was collected,
and the scores on the individual elements ofthe RSI
and RSI symptom domains were tabulated and cal-
culated. Symptom domain scores may range from 0
(no symptoms) to 100 (maximum symptoms). Sepa-
rately, with the investigators blinded to the demo-
graphic and RSI data, pathologic specimens were
reviewed and scored according to a 5-point Likert
severity scale, with 0 representing absence of in-
flammation (ie, normal respiratory mucosa) and 4
representing maximum inflammation (ie, severe
eosinophilia, lymphoplasmacytic infiltrate, etc) ac-
cording to the scale of Biedlingmaier and Trifillis.^

Pathology severity was graded for each side, and
both a mean pathology reading (simple average of
the left and right side scores) and maximum pathol-
ogy severity (overall severity assigned according
to the side with the more severe pathology severity
score) were tabulated. The preoperative paranasal
sinus computed tomography (CT) scans were also
reviewed and staged according to the Lund system.
Because tissue histopathology specimens are pri-
marily obtained from the ethmoid sinuses during
ESS, cases in which the ethmoid sinuses were radio-
graphically negative (ie, total ethmoid Lund score of
0) were excluded after review.

Standard descriptive statistics were computed for
the study cohort. A linear regression analysis was
performed to determine the relationship between pa-
thology severity score and the scores on RSI symp-
tom domains and total Lund score. For each RSI
symptom domain score (dependent variable), a lin-
ear regression equation was computed with maxi-
mum pathology severity score as the independent
(predictor) variable. In order to adjust for the influ-
ence of medication use on CRS symptoms, the ad-
ditional independent variables — total weeks of in-
tranasal steroid use, total weeks of nonsedating an-
tihistamine use, and number of weeks of antibiotic
use in the previous 12 months — were included as
covariates in the linear regression model. Statisti-
cal significance was set at a p value of less than .05
with an intercept included in the model. The analy-
sis was repeated with the mean pathology score (se-
verity score average between sides) as the indepen-
dent variable in the linear regression model along
with the previously noted covariates.

RESULTS

A total of 140 adult patients were initially eligible
for study inclusion. Eight patients were excluded for
incomplete pathology data, and an additional 17 pa-
tients were excluded because their CT scans demon-
strated no evidence of ethmoid sinus inflammation,
leaving 115 patients for analysis (80 female and 35
male) with a mean age of 40.2 years. Figure 1 dis-

TABLE 1. VALUES FOR RSI SYMPTOM DOMAINS AND LUND SCORE ACCORDING TO MAXIMUM
PATHOLOGY SEVERITY GRADE

Variable
Nasal domain
Facial domain
Oropbaryngeal domain
Systemic domain
Total symptoms
Total Lund score

0
40.0
33.3

8.3
23.3
25.0
10.7

Pathology inflammatory Grade

I
58.4
53.3
32.5
40.6
43.8
7.2

2
51.2

52.3
32.3
34.5
41.8
7.8

3
54.2

55.5
29.7
36.4
42.4
10.7

RSI — Rhinosinusitis Symptom Inventory (score of 100 represents maximal symptoms).

4
47.6
36.2
25.4
22.9
32.8
14.4

Overall
52.4
51.7
30.7
34.8
41.3
8.8
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Fig 2. Distribution of A) nasal symptom domain scores, B) facial symptom domain scores, C) oropharyngeal symptom domain
scores. D) systemic symptom domain scores, E) total symptom scores, and F) total Lund scores according to maximum pathol-
ogy score.

plays the distribution of pathology severity scores
tor the cohort. The mean Lund score for the cohort
was 8.8 (95% confidence interval, 7.9 to 9.7). Table

1 presents the RSI symptom domain scores accord-
ing to the maximum pathology severity score. Fig-
ure 2 depicts the box plots for the distribution of RSI
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TABLE 2. RESULTS OF LINEAR REGRESSION
ANALYSIS FOR MAXIMUM PATHOLOGY SEVERITY

SCORE INFLUENCING RSI SYMPTOM DOMAINS
AND LUND SCORE

Dependent Variable

Nasal domain

Facia! domain

Oropharyngeal domain

Systemic domain

Total symptoms

Total Lund score

Coefficient of
Pathology Score*

-2.22

-0.55

-0.89

-1.94

-1.21

3.28

Signiflcance of
Coefficient

.436

.868

.717

.508

.616

<.OO1

•Predictor variable was maximum pathology score of two sides.

symptom domains and total Lund score according to
the pathology inflammation severity score.

Table 2 lists the results of the regression analy-
sis for the relationship between pathology score and
RSI symptom domain scores, as well as total Lund
scores. The maximum pathology severity score
failed to predict any of the RSI symptom domain
scores; the statistical significance of all coefficients
was greater than 0.372. Similarly, on repeat analysis
with the mean pathology score (averaged between
the left and right sides), once again the mean pathol-
ogy score failed to predict any of the RSI symptom
domains, nor did it predict the total symptom score
(all p > .479 for regression coefficient significance).
The maximum pathology severity score did statisti-
cally significantly predict the total Lund score with
a significant regression coefficient (Table 1), as did
the mean pathology score (p = .001). In order to test
for the influence of time interval between the RSI
survey and the date of surgery on the correlation
analysis, the group was divided into "short" inter-
val and "long" interval groups by the median time
interval, and the statistical analysis was again per-
formed. In neither tbe "short" nor the "long" inter-
val groups did the pathology score correlate with the
total symptom score (p = .685 and p = .144, respec-
tively), suggesting a limited impact on the statistical
analysis due to the time interval between RSI survey
and histopathologic analysis.

DISCUSSION

Investigations into the correlation between pa-
tients' self-reported symptom scores and objective
measures in CRS have proven problematic. A sub-
stantial body of work has been elaborated concern-
ing the lack of correlation between patients' reported
symptoms and findings on paranasal sinus CT scans.
Several authors have found in large-scale studies that
the paranasal sinus CT scan fails to correlate with or
predict total symptoms and individual symptoms of

-̂̂  Similarly, it has been difficult to predict

the presence or absence of true CRS on the basis of
symptom criteria alone.-^'" Thus, simple stratifica-
tion of patients according to CT findings or CT stage
fails to capture much of the variability in patients'
self-reported symptoms.

Part of this discordance could be due to the fact
that the paranasal sinus CT scan demonstrates a sim-
ilar appearance whether or not the radiographie ab-
normality is secretions, mucosal inflammation, or
polyposis. Perhaps the degree of mucosal inflam-
mation demonstrates better correlation with or in-
fluence on patients' self-reported symptom scores
than the radiographie score of tbe paranasal sinus
CT scan. This idea offers some intuitive appeal, be-
cause certain symptoms of CRS, such as facial pain,
headache, and discharge, may be more likely to cor-
relate with the level of mucosa! inflammation than
with other objective measures. If. in fact, various
degrees of mucosal inflammation did correlate with
or predict reported sinonasal symptom scores, then
histopathology might be another tool for disease
stratification in CRS.

Unfortunately, as is intuitively evident from ex-
amination of the box plots of the reported RSI symp-
tom domains according to pathology severity score,
the study failed to identify any meaningful relation-
ship between CRS symptoms and pathology sever-
ity score. This lack of correlation between pathology
and symptom scores remains, whether we consider
the mean pathology score averaged across the two
nasal cavities or whether we consider tbe maximum
pathology score (the greater of the inflammatory
scores from the left and right sides). The maximum
pathology score was chosen for study primarily be-
cause in certain cases, patients may have unilateral
disease or disease tbat is much more prominent on
one side, and their reported symptoms may more ac-
curately reflect the inflammation they are perceiving
unilaterally. In other words, it may not be the case
that a patient with zero inflammation on the left and
maximum inflammation on the right would neces-
sarily report half the level of symptoms (if only av-
eraged pathology scores were examined) as would a
patient with pathology inflammation scores of 4 and
4, bilaterally. Nonetheless, neither the mean pathol-
ogy score nor the maximum pathology severity score
predicted the level of symptoms in CRS.

The current study examines only CRS without
polyposis. This was done to avoid potential prob-
lems with regard to sampling error. In CRS with
polyposis, at the time of surgery, polyp tissue may
be sampled, as well as sinonasal mucosa. These 2
samples may in fact demonstrate differing levels of
inflammation due to location within the nasal cavi-
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ty, proximity to application of topical nasal steroids,
and other factors. In the current study, only ethmoid
mucosa was consistently sampled. Polzehl et al"
compared ethmoid mucosa between CRS patients
with and without nasal polyps and found significant
differences in the degrees of round cell infiltration,
eosinophil infiltration, and plasma cell infiltration,
highlighting such potential histopathoiogic differ-
ences. Therefore, only patients with non-polyp CRS
were included in the current study for purposes of
cohort homogeneity.

It is interesting that the 2 most objective measures
of the level of disease severity in CRS, namely, the
paranasal sinus CT scan score and the mucosal pa-
thology severity score, did correlate well with one
another. This held true whether the maximum pa-
thology score or the mean pathology score was uti-
lized. Thus, there is a relationship between volumet-
ric measurement of disease and degree of mucosal
inflammation. Few studies have examined the rela-
tionship between radiographie findings and histopa-
thology and CRS. Cousin et al'"̂  examined 60 pa-
tients with respect to the agreement between parana-
sa! CT scan findings and histopathology and found
that overall agreement between mild, moderate, and
severe ratings for each was relatively poor. In con-
trast, Szucs et al'^ found that Lund scores correlat-
ed significantly with the inflammatory eel! counts
in the sinonasal mucosa among 48 specimens. The
current data are interesting, because some of the car-
dinal symptoms of CRS may be due to volumetric
level of disease (for example, nasal obstruction and
nasal congestion), whereas other symptoms of CRS
may be more related to pure infiammation (for ex-
ample, nasal discharge, fever, or cough), and still
others may be a combination of both (for example,
dysosmia). Understanding how infiammation leads
to incrca.sed volumetric disease may provide sub-
stantial further insight into the actual pathogenesis
of CRS.

A few limitations of the current study merit men-
tion. First of all. there were relatively small num-
bers in the extreme pathology groups (pathology
severity scores of 0 and 4), as might be expected.
This limitation potentially prevents an analysis of
extreme symptom severity scores. Second, although
the pathology scores were determined with the in-
vestigator blinded to the CT scores and the symp-

tom scores, only a single reviewer determined the
pathological grade. However, our previous studies
have shown good interrater and intrarater reliabil-
ity for evaluation of histopathology in CRS.''* One
potential confounder in the analysis of the data are
the time intervals between the RSI evaluation, the
CT scan, and the date of surgery. However, since
the CT stage correlation with mucosal infiammation
was positive and significant, it is likely that the in-
fiammatory process due to CRS was still active and
was likely stable during that interval. Furthermore,
in the analysis comparing correlations according to
median split time intervals. I did not find signifi-
cant variation in the lack of correlation according
to time. Finally, not only is CRS a complex disease
with protean symptom manifestations, but patients
present for evaluation and treatment with substan-
tially varying degrees of prior medical management.
1 attempted to adjust for factors that would modify
both symptoms and/or pathological findings by in-
cluding total nasal steroid use, total nonsedating an-
tihistamine use, and weeks of antibiotic use prior to
surgery in the multivariate linear regression model.
Despite their inclusion in the predictive models, pa-
thology severity scores failed to predict symptom
severity scores. It is possible that there are other
confounders that I did not include in the models that
may help establish a relationship between patholo-
gy severity and symptoms, such as allergy, tobacco
use, or other factors. Historically, the rate of tobacco
use in our patient population is extremely low, av-
eraging less than 10%, so I was unable to ascertain
its infiuence on the data. The role of allergy in CRS
has been controversial, and the correlation between
symptom reporting and allergic findings specifically
in CRS has been inconsistent.'-''-'^ Nonetheless, the
potential correlation between allergy and pathologi-
cal findings may merit further investigation,

CONCLUSIONS

The degree of histopathoiogic infiammation does
not correlate with or predict patients' self-reported
symptom scores in CRS. There is a significant re-
lationship between increasing degree of histopatho-
iogic infiammation and increasing radiographie in-
volvement in CRS. Unfortunately, histopathoiog-
ic infiammation does not account for a significant
portion of the variability in patients' symptoms with
CRS.

1. Meltzer EO. Hamilos DL. Hadley JA, et a!. Rhinosinus-
¡tis: establishing definitions for clinical research and patient
care. Otolaryngül Head Neck Surg 2004:I3I(suppl):S]-S62.

2. Bhattacharyya N. A comparison of symptom score and
radiographie staging systems in chronic rhinosinusitis. Am J

REFERENCES

Rhinol 2005:19:175-9.
3. Bhattacharyya N. Clitiical and symptom criteria for the

accurate diagnosis of chronic rhinosinusitis. Laryngoscope
2(K)6;I16(suppl lK)):l-22.

4. Bhattacharyya N, Fried MP. The accuracy of computed



522 Bhattacharyya. Mucosal Inflammation in Chronic Rhinosinusitis

tomography in the diagnosis of chronic sinusitis. Laryngoscope
2003;113:125-9.

5. Bhattacharyya N. The economic burden and symptom
manifestations of chronic rhinosinusitis. Am J Rhinol 2OO3;17:
27-32.

6. Biedlingmaier JF. Trifillis A. Comparison of CT scan and
electron microscopic findings on endoscopically harvested mid-
dle turbinâtes, Otoiaryngol Head Neck Surg 1998;! 18:165-73.

7. Bhattacharyya T, Piccirillo J, Wippold FJ II. Relationship
between patient-based descriptions of sinusitis and paranasal si-
nus computed tomographic findings. Arch Otolaryngol Head
Neck Surg 1997;123:II89-92.

8. Shields G, Seikaly H. LeBoeuf M. et al. Correlation be-
tween facial pain or headache and computed tomography in rhi-
nosinusitis in Canadian and US subjects. Laryngoscope 2003:
113:943-5.

9. Hopkins C, Browne JP, Slack R. Lund V, Brown P. The
Lund-Mackay staging system for chronic rhinosinusitis: how is
it used and what does it predict? Otolaryngol Head Neck Surg
2007:137:555-61.

10. Hwang PH, Irwin SB, Griest SE, Caro JE, Nesbit GM.
Radiologie correlates of symptom-based diagnostic criteria for
chronic rhinosinusitis. Otolaryngol Head Neck Surg 2OO3;I28:

489-96.

11. Polzehl D, MoellerP. Riechelmann H. PemerS. Distinct
features of chronic rhinosinusitis with and without nasal polyps.
Allergy 2006;61:1275-9.

12. Cousin JN, Har-EI G, Li J. Is there a correlation between
radiographie and histologie findings in chronic sinusitis? J Oto-
laryngol 2OOO;29:170-3.

13. Szucs E, Ravandi S, Goossens A, Beel M, Clement PA.
Eosinophilia in the ethmoid mucosa and its relationship to the
severity of inflammation in chronic rhinosinusitis. Am J Rhinol
2002:16:131-4. [Erratum in Am J Rhinol 2002; 16:290.]

14. Bhattacharyya N. Vyas DK, Eechner EP, Gliklich RE,
Metson R. Tissue eosinophilia in chronic sinusitis: quantifica-
tion techniques. Arch Otolaryngol Head Neck Surg 2001; 127:
1102-5.

15. Krouse JH. Computed tomography stage, allergy testing,
and quality of life in patients with sinusitis. Otolaryngol Head
Neck Surg 2OO0;123:389-92.

16. Smith TL, Mendolia-Loffredo S, Loehrl TA, Sparapani
R, Laud PW. Nattinger AB. Predictive factors and outcomes in
endoscopie sinus surgery for chronic rhinosinusitis. Laryngo-
scope 2005;l 15:2199-205.






