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Abstract During the past decade, several inflammation-
based periferic prognostic systems have been reported in
the field of chronic rhinosinusitis with nasal polyps
(CRSwNP). Recently, C-reactive protein (CRP) and albii-
min ratio (CAR) showed its impact on a large variety of
diseases conditions that cause chronic inflammation. We
aimed to compare the inflammatory markers in patients
with recurrent and non-recurrent nasal polyps and if a
significant inflammatory profile is associated with multiple
recurrences. The study concerned 144 patients who
underwent FESS for CRSWNP from 2012 to 2017 and had
a postoperative follow-up longer than 12 months and 120
healthy individuals. We evaluated the impact of the CAR,
neutrophil to lymphocyte ratio (NLR), platelet to lym-
phocyte ratio, eosinophil-to-lymphocyte ratio (ELR)
between patients with and without polyp recurrences and
control groups. There was a statistically significant differ-
ence in CRP, CAR and ELR values between multiple
recurrence group and no-recurrence group (p = 0.02;
0.004; 0.019 respectively), mean eosinophil and CRP
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values, CAR, NLR and ELR was significantly higher in NP
patients than control group (p < 0.001). The receiver
operating curve analysis showed CAR and ELR as a
potential marker of recurrence of NP (AUC = 0.713 and
0.613, respectively p < 0.001). The cutoff values for were
1.03 for CAR and 0.22 for ELR. The mean CRP, CAR and
ELR were significantly higher in patients with CRSwWNP
whose disease recurred after surgery. CAR may be a
potential marker to predict the recurrence before endo-
scopic sinus surgery as well as ELR in CRSwNP disease.
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Introduction

Chronic rhinosinusitis (CRS) is categorized into two main
clinical subsection. CRS without nasal polyps (CRSsNP)
and CRS with nasal polyps (CRSwNP) [1]. The etiology of
NP is controversial, some theories have speculated that
polyps occur as an outcome of conditions that cause
chronic inflammation in the nasal cavity and paranasal
sinuses characterized by variable cellular infiltration and
stromal edema [2]. Functional endoscopic sinus surgery
(FESS) is an effective treatment option for patients with
CRSwNP resistant to medical therapy. However, inspite of
repeated FESS combined with aggressive medical therapy
as oral or topical corticosteroids and antibiotics, some
patients have a tendency to be uncontrollable and have a
high recurrence rate of NP [3]. This disturbing character of
the disease, the symptoms including nasal obstruction,
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nasal discharge, and/or loss of smell, the recurrent polypoid
lesions, and the absence of satisfactory treatment methods
all make CRSwNP a serious life-quality, clinical, and
economic problem [4]. The predominant inflammatory
patterns are thought to influence the clinical manifestations
and responses to current medical and surgical interven-
tions. Patients with multiple recurrences of NP was found
higher baseline eosinophil counts compared to single
exacerbations of NP before [5, 6]. During the past decade,
several inflammation-based prognostic systems have been
reported in the field of inflammatory based diseases [7]
Neutrophil to lymphocyte ratio (NLR), C-reactive protein
(CRP) and albiimin ratio (CAR) platelet to lymphocyte
ratio (PLR) and eosinophil-to-lymphocyte ratio (ELR) are
the most populars.

In this study we aimed to compare the inflammatory
markers in patients with recurrent and non recurrent
CRSwNP and if a significant inflammatory profile is
associated with long term recurrence.

Materials and Methods

A retrospective review was performed using the clinical
records of the patients who underwent primary or revision
FESS after being unresponsive to medical management for
NP and the control group from healthy individuals. All the
procedures had been performed by the same surgical team at
Bagcilar Training and Research Hospital, between January
2012 and December 2017. The study protocol and the written
informed consent were approved by the Committee of Ethics
in Human Research of Bagcilar Training and Research
Hospital (2019.12.1.03.88). The diagnosis of CRSwNP was
made according to the International Consensus Statement on
Allergy and Rhinology: Rhinosinusitis [8].

Inclusion and Exclusion Criterias

The inclusion criteria of this study were as follow: (1)
Clinically diagnosed as CRSsNP or CRSwNP and operated
by our department (2) having pre-treatment blood sampling
for complete blood count (CBC), CRP and albumin mea-
surement, and (3) Regular Follow up.

Patients who had any inflammatory, systemic or local
autoimmune disease affecting the upper airway (e.g., sys-
temic lupus erythematosus, Sjogren’s syndrome, systemic
sclerosis, small vessel vasculitis)and/or malnutritional
condition, secondary malignancy and any trauma and
medication history that might affect the level of blood
parameters, who had sinonasal malignancies, autoimmune
diseases, impaired mucociliary function (e.g., cystic fibro-
sis, Kartagener syndrome), hematologic disorders or were
immunocompromised as indicated on patient history, and
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those without baseline eosinophil and basophil values were
excluded from the study. Reported antibiotic and oral/nasal
steroids utilization in the 4 weeks before blood samples,
antrochoanal polyps, cystic fibrosis, inverted papilloma,
unilateral diseases were also excluded.

Surgery Type

All patients were started on a course of a prednisone
(20 mg) tablets once daily for 1 week, then 10 mg tablets
once daily for 1 week) starting 1-week prior to surgery All
patients were assessed with a comprehensive head and
neck examination including flexible direct laryngoscopy
and imaging (computerised tomography (CT) scans).
Grading was determined using modification of the method
described before [9] 0—no visible polyp seen; 1—polypoid
disease confined within the middle meatus 2—multiple
polyps occupying the middle meatus; 3—polyps extending
beyond the middle meatus, but not completely obstructing
the nasal cavity; and 4—polyps completely obstructing the
nasal cavity. The operation included bilateral endoscopic
polyps removal, while surgical treatment of nasal septum,
anterior and posterior ethmoid, frontal, maxillary or sphe-
noid sinuses were nasalised depending on the specific
necessity of the patient. All patients received the same
postoperative treatment, including nasal saline irrigation,
ointment, and intranasal corticosteroids as standard treat-
ment. No systemic steroids were prescribed during the
follow-up period for the subjects included in the study.

Clinical Data Extraction

We reviewed baseline characteristic of participants, includ-
ing age, gender, disease stage, smoking status, Postoperative
clinical controls for this study were performed after 1 month,
after 6 months and after 1 year. Postoperative assessment
during the controls was performed with endoscopic evalua-
tion. Recurrence of polyps was defined if in the period from
6 month after surgery; by nasal endoscopy or CT scan was
discovered the presence of polypoid mucosa together with
bothersome symptoms that persisted for at least 1 month and
if patient needed maximal medical treatment or revision
surgery. Blood samples were tested prior to initial treatment.
We noted the blood parameters including CBC, CRP and
albumin. First, we compared the CAR, NLR, EOS, values of
the groups. Then, we investigated the most sensitive and
specific indicator parameter associated with the activity of
aphthous lesions.

Statistical Analysis

Independent samples t test comparing age between the
multiple recurrences or single exacerbation group against
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no recurrences group. Fisher’s exact test comparing cate-
gorical characteristics between the multiple recurrences or
single exacerbation group against no recurrences group if
expected cell count less than 5. Chi square test comparing
categorical characteristics between the multiple recur-
rences or single exacerbation group against no recurrences
group. To detect the most significantly associated param-
eter with the activity of RAS, The receive operating
characteristic (ROC) curve analysis was carried out to
assess the cut-off of CAR, NLR, EOS, The optimal cutoff
values were identified as the values (sensitivity + speci-
ficity — 1). We used SPSS 15.00 software for Windows
(SPSS Inc., Chicago, IL, USA). All tests were two-sided
and a p value < 0.05 was considered statistically signifi-
cant. Additionally, for post hoc comparison tests, we used
Bonferroni correction of three groups (triple combination)
and a p value less than 0.017 (0.05/3) was considered
statistically significant.

Results

Of the 284 patients identified with CRSwNP, 140 patients
were excluded due to exclusion criterias and 144 were
included to the study Demographic and clinical charac-
teristics of the study and control groups were described in
Table 1. Mean follow-up duration was 16.3 £ 2.1 months
after FESS. According to the control group, patients with
NP were significantly have allergic diseases [3.3% and
25%, respectively (p < 0.05)]. Moreover patients who
experienced multiple polyp recurrence had more alergic
component especially aspirin intolerance and asthma rather
than non-recurrent group. As described in Table 1, 16.6%

Table 1 Baseline characteristics of CRSsNP and control group

of the study group and 20% of the control group were
smokers. Smoking status was not statistically significant
(p = 0.567) No statistical differences were found in the NP
scores of patients in the CRSwNP subgroups.

The measured laboratory values of the groups are
compared in Table 2. Mean laboratory count with the
standard deviation of CRP were significantly higher in the
multiple recurrences than the no recurrences group
(p = 0.02). Eosinophil count was higher in both single and
multiple recurrence groups than the group without recur-
rence however it was not statistically significant. Platelet,
lymphocyte and neutrophil count did not show any sig-
nificant difference between patients and controls (p = 0.72,
p = 0.065 and p = 0.071, respectively).

There was a statistically significant difference in CRP,
CAR and ELR values between multiple recurrence group
and no-recurrence group (p = 0.02, 0.004, 0.019 respec-
tively). There was a highly significant difference between
total NP patients and control group according to Eosino-
phil, CRP, CAR, NLR and ELR (p <0.001). In the
Kruskal-Wallis test, the median values of PLR did not
significantly differ among study and control groups
(p =0.747).

Table 3 shows the analytically calculated cutoffs to
predict multiple recurrences after FESS when comparing
preoperative serum CAR, NLR, PLR, ELR levels between
the total of recurrences group and the no recurrences group.
The receiver operating characteristic (ROC) approach was
used to find the analytically best-fitting NLR cut-off for
prognostic purposes (CRSwNP recurrence). Patients with
ELR higher than 0.22 and CAR higher than 1.03 had ORs
of 4.26 (sensitivity: 61.5%, specificity: 72.7%) and 3.57
(sensitivity: 66.6%, specificity: 66.6%), respectively, of

No recurrence Single recurrence

Multiple recurrence NP total Control group

Total N 66 (%) [SD] 38 (%) [SD]
Age [SD] 46.3 [+ 12.3] 47.15 [£ 11.7]
Gender

Male 36 (54.5%) 20 (52.6%)
Female 30 (45.5%) 18 (47.4%)
Smoking

Yes 10 (15.1%) 6 (15.7%)
No 56 (64.8%) 32 (84,3%)
Asthma-allergy

Yes 10 (15.1%) 14 (36.8%)
No 56 (84.9%) 52 (63.1%)
NP score 2.90 £ [£ 0.91] 2.63 [+ 1.16]

40 (%) [SD]

144 (%) [SD]

120 (%) [SD]

43.95 [+ 12.2] 46.5 [+ 11.4] 47 [+ 11.1]
16 (40%) 72 (50%) 64 (53.3%)
24 (60%) 72 (50%) 56 (47.7%)
8 (20%) 24 (16.6%) 24 (20%)
32 (80%) 120 (83.3%) 96 (80%)
12 (30%) 36 (25%) 4 (3.3%)

28 (70%) 108 (75%) 116 (96.6%)
3.05 [+ 0.60] 2.87 [+ 0.91] -

NP nasal polyp, SD standard deviation
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Table 2 Comparison of mean [SD] laboratory data and predictive ratios (CAR-NLR-PLR-ELR) between no-recurrence, single recurrence,

multiple recurrence, overall CRSsNP and control groups

No recurrence Single Multiple NP total Control group Multiple Multiple versus NP total
recurrence recurrence versus none p single p versus control

Neutrophils 5544+093 6.03+1.12 585+£082 576096 430+ 1.16 0.225 0.353 0.02
Lymphocytes  2.26 £ 0.48 226 £ 042 221 £038 2.25+£043 238045 0993 0.632 0.045
Eosinophils 0.53 £ 0.67 06065 078075 0.67£0.70 0.22+0.24 0.593 0.093 < 0.001%*
Thrombocytes 279 £ 21.05 268.2 4+ 32.4 2823 £+ 11.2 277.2 £ 23.01 291.6 &+ 18.38 0.890 0.160 0.72
CRP 396 £ 130 6.67 £3.66 7.12+5.13 555+3.66 247 £043 0.02* 0.978 < 0.001%*
Albumin 423 £047 423 +£033 398055 416+ 047 436028 0.72 0.186 0.58
CAR 092+£024 159+092 174125 132+£089 0.56 £ 0.09 0.004* 0.955 < 0.001**
NLR 250 £ 045 271 £059 2,68+041 2604049 1.80+£042 0.183 0.789 < 0.001%**
PLR 127.7 + 24 1252 +£252 132.2 £22.4 1282 £ 23.73 126.8 +24.8 0.826 0.136 0.747
ELR 0254+033 027 +035 034+£038 0314033 0.09+011 0.019* 0.249 < 0.001%*

#p < 0.05; **p < 0.001

Table 3 Comparison of the predictive values of CAR, ELR, NLR, PLR for recurrence of nasal polyp

Calculated cut-off (ROC) Area under curve (AUC) Odds ratio (OD) 95% CI P Sensitivity (%) Specificity (%)
CAR 1.03 0.713 (0.586-0.840) 3.57 1.34-9.47 < 0.001 66.6 66.6
ELR 0.22 0.653 (0.524-0.782) 4.26 1.56-11.61 < 0.001 61.5 72.7
NLR 2.49 0.596 (0.463-0.729) 1.72 0.67-4.40 0.693 58.9 57.5
PLR 121 0.483 (0.341-0.625) 1.52 0.79-5.63 0.782 51.7 45.4

CAR C-reactive protein (CRP) and albiimin ratio, ELR eosinophil-to-lymphocyte ratio, NLR neutrophil to lymphocyte ratio, PLR platelet to
lymphocyte ratio, CI confidence interval, ROC receiver operating characteristic

#p < 0.05; **p < 0.001

experiencing recurrences after FESS. These results are
significantly higher predictive value than NLR and PLR
(p < 0.001).

The graph of the ROC analysis of the parameters
included CAR, ELR, NLR and PLR for determining the
predictive importance are shown at Fig. 1. ROC analysis
revealed that, CAR had a greater area under curve (0.713)
compared both to ELR (0.653), NLR (0.596) and PLR
(0.485) (p < 0.001). Thus, CAR and ELR were signifi-
cantly the most associated parameter with the recurrence of
NP (p < 0.001 and p < 0.001, respectively). The value of
PLR and NLR was not significant for predicting recurrence
possibility. (p = 0.782 and p = 0.693, respectively).

Discussion
Our study focused on various blood parameters that might
be associated with the recurrence of the CRSwNP. The

pathophysiology of CRSwWNP remains poorly understood,
resulting in disease which neither medical nor surgical
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approaches might control the progression or recurrence.
However, recently 0, the high efficacy is achieved with
surgery, followed by pharmacotherapy [10]. NP are found
in 36% of patients with salicylate intolerance, 7% of those
with asthma an 0.1% in childhood. The recurrence rate of
CRSwNP is 35-40% even in the most effective treatment
[11]. Several factors, including allergy, asthma, acetylsal-
icylic acid (ASA)intolerance, number of eosinophils and
basophils in the nasal tissue and blood, and IgE levels, have
been observed related to CRSwNP recurrence [12, 13] In
our study, we observed a significant collelation between
asthma and possibility of recurrence. Additionally patients
with CRSwNP have a highly rate of allergic disease
comparing healthy individuals in accordance with the
literature.

Hypertrophic epithelia cells generate various inflam-
matory cytokines including tumor necrosis factor (TNF-a),
IL-8, granulocyte—macrophage colony stimulating factor
(GM-CSF), IL-6 and IL-1b, and vascular endothelial
growth factor (VEGF). These cytokines lead to eosino-
philia by increasing peripheral circulation of eosinophils
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Fig. 1 The graph of the ROC analysis. ROC receiver operating
characteristic, CAR C-reactive protein to albumin ratio, NLR
neutrophil to lymphocyte ratio, ELR eosinophil-to-lymphocyte ratio,
PLR platelet to lymphocyte ratio

[14]. In the sinus mucosa, activated eosinophils release
proinflammatory mediators that lead to inflammation of the
mucosa, tissue injury, and edema. The importance of
eosinophilic inflammation in CRS is well known moreover
the understanding that eosinophilic CRS observed in
CRSwNP is especially difficult to manage and control.
[15]. Soler et al. found that sinus tissue eosinophilia cor-
relates with objective disease severity as measured by nasal
endoscopy, computed tomography (CT), and smell test
scores [16]. It was reported that patients who experienced
plural recurrences of NP had significantly higher baseline
eosinophil counts and percentages of total white blood
cells. Increased serum eosinophils and basophils was found
to correlate with polyp growth and disease recurrence and
have a significant impact on the quality of life [5, 17]
According to our study, in patients who were operated
multiple times than those with any recurrences, eosinophil
counts were found significantly higher, suggesting truly
refractory disease has an inflammatory nature coming
through by eosinophilic cascade.

According to previous studies, the entire situation of the
body is reflected by thrombocytosis, peripheral lym-
phopenia and neutrophilia [18, 19]. NLR, a novel potential
marker for identifying inflammation in various diseases, is
a valuable, easily attainable and unexpensive parameter
unlike the costly inflammatory markers such as IL-6, IL-
1b. Cayir et al. reported that higher NLR were associated
with poor prognosis in patients with Bell’s palsy and
recurrent aftous stomatitis [7]. Brescia et al. investigated

the role of the NLR for predicting recurrence rate of
CRSwNP and the mean NLR were found to be significantly
higher [20]. Inconsistent with the prior literature, we found
the median NLR doesn’t have a predictive value in deter-
mining recurrence possibility in CRSwNP However our
results showed that patients with NP had a higher rate of
NLR compared to the control group.

Acute-phase proteins are systemic precursors of
inflammatory response which are used in the diagnosis and
prognosis of the process of inflammation. In the literature,
cardiologists and rheumatologists are also interested in
acute-phase proteins, in the context of the etiopathogenesis
and prognosis in diseases connected with chronic inflam-
matory processes. CRP is a one of them synthesized by
hepatocytes that is regulated by proinflammatory cytoki-
nes, particularly IL-6 [21]. In a broad participation study, it
have shown that CRP, previously considered only in its
inflammatory aspect, has become a strong and independent
prognostic factor in the risk assessment of cardiovascular
disease [22, 23]. Partyka et al. reported that serum ferritin
and hs-CRP concentrations might be helpful in early
detection of inflammatory state in patients with nasal
polyps and for the effectiveness of therapy [24]. The CRP
concentration has been found to be useful in evaluating
both the severity of inflammation and treatment method in
cases of respiratory tract inflammation and myocardial
infarction [13, 25]. Although the association between NLR,
ELR and CRSwWNP was investigated yet to the best of our
knowledge, thus far, no studies have addressed the asso-
ciation between CAR and CRSwNP. In our study on this
basis the CAR is likely to be a more specific marker of
CRSwNP recurrence than the ELR, PLR and NLR.

The eosinophil-to-lymphocyte ratio (ELR) has recently
been proposed as possible marker of ongoing systemic
reactions and inflammation in patients with CRSwNP by
Yenigiin et al. In their study preoperative NLR and ELR
were found significantly higher in CRSwNP patients with
recurrent CRSwNP than unrecurrent group [26]. We
demonstrated higher ELR in patients with recurrent NP
when compared with the non-recurrent NP consistent with
the literature. In addition, our cohort also had very signif-
icantly elevated baseline preoperative eosinophil counts
compared with the healthy individuals.

Conclusion

In our study, we investigated the role of circulating
inflammatory markers before the treatment and verified
their connection with the recurrence of CRSWNP. Among
our sample of patients with CRSwWNP, the mean CRP, CAR
and ELR were significantly higher in those whose disease
recurred after surgery. None of the prognostic parameters
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were found to predict the number of recurrence. However
our preliminary experience suggests that the power of the
CAR and ELR to identify cases more likely to recur is
valuable for the purposes of clinical practice.
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