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Abstract:

Objectives: The aim of the present study was to examine the levels of complete blood count (CBC) parameters
(Neutrophil, lymphocyte, platelets, MPV, NLR, and PLR) in patients with both perforated eardrums and
dysfunctional eustachian tubes to determine which of these parameters might be reliable biomarkers of chronic
otitis media prior to surgery, as inflammation is significant component of middle ear pathology.

Materials and methods: In this study, we enrolled 95 patients with 18-65 years old. Patients with chronic otitis
media (perforated tympanic membranes) more than three months in duration who have no draining ears, were
enrolled in Okmeydani Training & Research Hospital. Patients were divided into three groups: Group 1 is “Open
eustachian tube” group in which pressure changes (if evident) during swallowing were recorded on stepladder-
type graphs; Group 2 is “Blocked” group, who could not neutralize the negative pressure even by repeated
swallowing. Group 3 is “Partially blocked” group in whom some residual pressure persisted even after five
swallows. The groups were compared in terms of laboratory tests.

Results: There was a statistically significant difference between 3 groups in terms of platelet levels (p>0.05). We
found that group 2 / blocked eustachian tube had significantly increased platelet counts values when compared
to the group 1 and 3. There was no significant difference among group 1 and group 3. There was no statistically
significant difference between the 3 groups in terms of neutrophil, lymphocyte count, MPV, NLR, PLR levels,
bone and air hearing thresholds.

Conclusion: We found that the platelet count increased in chronic otitis media patients with blocked eustachian
tube. This may be a simple and inexpensive biomarker with acustic impedencemeter tests supporting eustachian
dysfunction before tympanoplasties.
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1. Introduction rate of tympanoplasty is affected by tube

The eustachian tube has important role in the
pathogenesis of otitis media as middle ear is
ventilated by the tube. Drainage of middle ear fluids
and protection from nasopharyngeal secretions are
the other functions and if it does not work properly,
this may cause chronic otitis media (1). The success

functionality, being higher when tube function is
normal and vice versa (2-5). Tube function can be
evaluated using both static and dynamic tests (5-11).
Instillations of dye, saccharine or radioactive
substances via middle ear are the examples of static
tests. Dynamic tests include sonotubometric,
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manometric, videoendoscopic and acoustic
impedance tests. Acoustic impedance audiometer
can be easily used to study the physiological behavior
of the tube. Eustachian tube blockage causes
chronic middle ear edema and inflammation
with/without granulation tissue (1, 7, 11). Thus,
chronic inflammation is part of this blockage. Recent
studies have found that, the neutrophil to
lymphocyte ratio (NLR), the mean platelet volume
(MPV) and the platelet to lymphocyte ratio (PLR) are
of diagnostic and predictive utility in systemic
inflammatory disorders, cancer, cardiovascular
diseases which may be used as diagnostic and
prognostic indicators (12-28). These ratios have also
been investigated as biomarkers of sudden idiopathic
sensoryneural hearing loss and nasal polyposis (18-
20).

The aim of the present study was to examine the
levels of complete blood count (CBC) parameters
(Neutrophil, lymphocyte, platelets, MPV, NLR, and
PLR) in patients with both perforated eardrums and
dysfunctional eustachian tubes to determine which of
these parameters might be reliable biomarkers of
chronic otitis media prior to surgery, as inflammation
is significant component of middle ear pathology.

2. Methods and Materials

In this clinical trial, we enrolled 95 patients with 18-
65 years old. Patients with chronic otitis media
(perforated tympanic membranes) more than three
months in duration who have no draining ears, were
enrolled in Department of Otolaryngology,
Okmeydani Training & Research Hospital (Istanbul,
Turkey) from February through December of 2015.
This study was approved by Ministry of Health
Okmeydani Training and Research Hospital’s local
Ethics Committee on 14.4.2015 with number 290.
Informed consent was obtained by all patients.

After clinical examination, all patients diagnosed with
inactive chronic otitis media underwent automated
Toynbee Testing by Audiometrists of the
Audiovestibular Unit (1, 29). An Impedance
Audiometer (Interacustics-AT 235 H-Tympanometry,
Denmark) was used for this test. A pressure of +300
H20 was applied and residual pressure was measured
after 4 or 5 swallows over about 40 seconds.

Patients were divided into three groups: Group 1 is
“Open eustachian tube” group in which pressure
changes (if evident) during swallowing were recorded
on stepladder-type graphs; Group 2 is “Blocked”
group, who could not neutralize the negative
pressure even by repeated swallowing. Group 3 is

“Partially blocked” group in whom some residual
pressure persisted even after five swallows (21).

Thus, eustachian tube function was defined
tympanometrically.
Patients with cleft palates, allergic rhinitis,

laryngopharyngeal reflux, chronic sinusitis, upper
respiratory tract infections, who smoked, who had
hypertension, diabetes or any chronic disorders, who
were obese, who had metabolic syndrome, a history
of previous middle ear surgery, or a nasopharyngeal
mass, or who were pregnant, were excluded from the
study.

Laboratory Measurements: Blood cell counts which
is part of preoperative tests, were recorded for each
patient before surgery (Sysmex XE-2100-2014, USA).
These included neutrophil, lymphocyte and platelet
counts. The NLR and PLR were calculated and
included in patient charts.

Statistical methods: Data were expressed as mean
(xSD). One-way analysis of variance (One way
ANOVA) was used to compare normally distributed
parameters among the three groups. Tukey’s test was
used to perform post-hoc comparisons among groups
after One way ANOVA. The Kruskal Wallis test was
utilized to compare the data that were not normally
distributed. MannWhitney U test was used to
perform post-hoc comparisons among groups after
Kruskal Wallis test. A p-value was considered at
<0.05. All analyses were performed using MedCalc
Statistical Software version 12.7.7 (MedCalc Software
Bvba-Ostend/Belgium, 2014)

3. Results

The numbers of patients (n:95) in the three groups
were: Group 1/0Open: n:64 (67.4%), Group 2/Blocked:
n:17 (18.9%) and Group 3/Partially blocked: n:14
(13,7%). The Female/Male ratio was 56/39. Patient
population had a mean age of 34.6 years. There was
no statisticall difference according to the sex (p >
0,05).

The test results of the study groups are shown in
Table 1. No statistically significant difference among
the groups was evident in terms of neutrophil or
lymphocyte count (Kruskal Wallis, One way ANOVA,;
p=0.291 & 0.066, respectively); however, the platelet
count differed significantly (p<0.05), (one-way
ANOVA, p=0.019). We found that group 2 / blocked
eustachian tube had significantly increased platelet
counts values when compared to the group 1 and 3
(Tukey’s test, p <0.05). There was no significant
difference among group 1 and group 3. No significant
differences among groups (Kruskal-Wallis test) were
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evident in terms of the MPV (p=0.100), NLR
(p=0.243), PLR (p=0.893) or the bone or air hearing

thresholds (p=0.388, p=0.173) (Table 1).

Table 1: The comparison of laboratory parameters between three groups

Group 1 (Open) Group 2 (Blocked) Group 3 (Partially

n: 64 n: 17 Blocked) n: 14

Mean (+ SD) Mean (+ SD) Mean (+ SD) p

- ———————————————————— ——— ————————————————— ——— |

Neutrophil 4,0(+1,6) 4,0 (+1,6) 5,0 (+2,2) 0,291
(10°/pL)
Lymphocyte 2,2(x0,6) 2,6(+ 0,6) 2,3(x0,4) 0,066
(10°/p1)
Platelets (10%/uL) 242(+ 57,3) 285,1(+ 58,2) 252,5(+ 47,4) 0,019
MPV (fL) 10,65(+ 0,7) 10,27 (+ 0,6) 10,79(x 1) 0,100
NLR 1,9(+1,1) 1,6(+ 0,6) 2,0(x0,9) 0,243
PLR 117,9(% 41,7) 116,4(+ 34,9) 111,9 (+ 25,1) 0,893
Hearing Threshold 11,6(+ 8,5) 16,1(+ 13,0) 14,9(+ 11,9) 0,388
(Bone)
Hearing Threshold 37,3 (+13,6) 44,4(+ 16,4) 38,3(+ 14,5) 0,173
(Air)

4. Discussion

Pre-operative tympanometric analysis prior to
tympanoplasty are important as eustachian tube
provides middle ear aeration, drainage and
protection function (1, 5). A healthy eustachian tube
is a prerequisite for tympanic cavity after middle ear
surgery. In the present study, we explored the
function of eustachian tube for chronic otitis media
patients who have not intact tympanic membrane
using impedance audiometer-automatic Toynbee
test. Eustachian tube blockage is thought to be
caused by tube edema per se and/or chronic middle
ear edema and inflammation with/without
granulation tissue (1, 7, 11, 20).

Poe et al (8) used videoendoscopy to show that the
tubes of the ears with active pathologic conditions
(otitis media with effusion, tympanic membrane
retraction, pathologic draining, and cholesteatoma)
exhibited significant abnormalities. The etiologies of
these conditions included inflammation, infection,

allergy, reflux, primary muscular disorders and
anatomical blockage. Aquino et al (30) described
pathological torus tubarius changes in patients with
retracted tympanic membranes; the most common
pathologies of the tubal ostium were lymphoid
hyperplasia and inflammation in patients with chronic
otitis media patients.

Neutrophil and platelet numbers increase during an
inflammatory response. These cells play important
roles in acute or chronic inflammation by releasing
proinflammatory mediators. The roles played by
neutrophils in chronic disease, tissue injury, and
repair have just begun to understood, although their
role in acute inflammation is well-known.
Accumulations of neutrophils within tissues are
observed in patients with chronic conditions including
chronic obstructive pulmonary disease, rheumatoid
arthritis, and cardiovascular diseases. Chemokines,
lipid mediators, fragments of complement, and
several other materials trigger neutrophil migration
into tissues (13). Platelets interact with both
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leukocytes and endothelial cells, secrete chemokins
and generate inflammatory lipids (12, 13). The NLR
and PLR serve as inflammatory biomarkers in diseases
including Behcet’s syndrome, Rheumatoid arthritis,
sudden hearing loss, nasal polyposis, cardiovascular
diseases and malignancy in all of which systemic
inflammation is an important feature (14-23). The
MPV may be a new marker of inflammation in
Behcet’'s syndrome, asthma, chronic obstructive
pulmonary disease, arthritis (20, 24, 25). Biljak et al
(26) found that both MPV and platelet count were
biomarkers of inflammation. Jensvoll et al (27) also
showed that platelet count may be a marker of
thromboembolism.

We sought differences between eustachian tube
dysfunction (blocked or partially blocked) groups and
open group in terms of these inflammatory
hematologic biomarkers. We found no significant
differences in neutrophil and lymphocyte count
among the groups. No significant difference among
the groups was evident in terms of the MPV, NLR,
PLR, bone or air hearing threshol. The absence of
significant differences in neutrophil and lymphocyte
counts among the groups may be explained by the
fact that the tubes were largely obstructed with
granulation tissue and chronic inflammation. Also,
neutrophil levels may remain normal in the absence
of acute exacerbation.

We found that group 2 / blocked eustachian tube had
significantly increased platelet counts values when
compared to the group 1 / open eustachian tube and
3 / partially blocked eustachian tube. There were no
significant differences among group 1 and group 3.

Platelets are mainly involved in thrombosis and
hemostasis. However, studies have shown that
platelets play a major role in infection and
inflammation (31). Chemokines released from
activated platelet membranes have been shown to
play important roles in immune response. These
chemokines have been shown to be involved in the
initial response to the immune response, such as
acute phase reactants, as neutrophils, granulocytes,
monocytes, and even have direct antimicrobial
effects (32, 33).

Based on the results of our study, increased platelet
count can be used as a biomarker in chronic otitis
media patients with blocked eustachian tube. We
studied eustachian tube function in patients with
chronic otitis media using Automatic impedance
audiometer test termed Toynbee test. Therefore,

platelet count may be useful with Toynbee test. Even
so, we believe that more comprehensive studies
would be useful for clarifying the relationships
between the eustachian tube function and platelets.

5. Conclusions

We found that the platelet count increased in chronic
otitis media patients with blocked eustachian tube.
This may be a simple and inexpensive biomarker with
acustic impedencemeter tests supporting eustachian
dysfunction before tympanoplasties. Follow- up
studies with larger sample sizes are required to
confirm our findings.

Acknowledgments: This research did not receive any
specific grants from any funding agency in the public,
commercial, or not-for-profit sector.

References

1. Tos M. Importance of eustachian tube function
in middle ear surgery. Ear Nose Throat J. 1998;
77(9): 744.

2. Carr SD, Strachan DR, Raine CH. Factors affecting
myringoplasty success. J Laryngol Otol. 2015;
129(1): 23-6.

3. Vartiainen E, Nuutinen J. Success and pitfalls in
myringoplasty: follow-up study of 404 cases. Am
J Otol. 1993; 14(3): 305.

4. Choi SH, Han JH, Hung JW. Pre-operative
Evaluation of Eustachian Tube Function Using a
Modified Pressure Equilibration Test is Predictive
of Good Postoperative Hearing and Middle Ear
Aeration in Type 1 Tympanoplasty Patients. Clin
Exp Otorhinolaryngol. 2009; 2(2): 61-5.

5. Pandey AK, Gupta SC, Singh M. Sharma D. A
study on the relevance of preperative assesment
of eustachian tube functionin myringoplasty.
Indian J Otol. 2011;17(1): 4-7.

6. Prasad KC, Hegde MC, Prasad SC, Meyappan H.
Assesment of eustachian tube in tympanoplasty.
Otolaryngol Head Neck Surg. 2009; 140(6): 889-
93.

7. Kurien R, Chrisolyte S, Rupa V. Inflation-deflation
test as a predictor of aditus patency in patients
with chronic suppurative otitis media. Indian J
Otolaryngol Head Neck Surg. 2009; 61: 169-72.

8. Poe DS, Abou-Halawa A, Abdel-Razek O. Analysis
of the dysfunctional eustachian tube by video
endoscopy. Otol Neurotol. 2001; 22(5): 590-5.

9. Chauhan B, Chauhan K. A comparative study of
eustachian tube functions in normal and
diseased ears with tympanometry and

79| Page


http://www.ncbi.nlm.nih.gov/pubmed/25656157
http://www.ncbi.nlm.nih.gov/pubmed/25656157
http://www.ncbi.nlm.nih.gov/pubmed/8372930
http://www.ncbi.nlm.nih.gov/pubmed/8372930
http://www.ncbi.nlm.nih.gov/pubmed/19565029
http://www.ncbi.nlm.nih.gov/pubmed/19565029
http://www.ncbi.nlm.nih.gov/pubmed/24427699
http://www.ncbi.nlm.nih.gov/pubmed/24427699
http://www.ncbi.nlm.nih.gov/pubmed/24427699

Okan DIKKER et al, International Journal of Medical and Biomedical Studies (IJMBS)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

videonasopharyngoscopy. Indian J Otolaryngol
Head Neck Surg. 2013; 65(3): 468-76.

Plaza Valia P, Carrién Valero F, Marin Pardo J,
Bautista Rentero D, Gonzalez Monte C. Saccharin
test for the study of mucociliary clearance:
Reference values for a Spanish population. Arch
Bronconeumol. 2008; 44(10): 540-5.

Biswas A. Eustachian tube function test: A new
dimention in the management of CSOM. | J
Otorhinolaryngol Head Neck Surg. 1999; 2: 14-
22.

Weyrich AS, Lindemann S, Zimmerman GA. The
evolving role of platelets in inflammation. J
Thromb Haemost. 2003; 1(9): 1897-905.

Kruger P, Saffarzadeh M, Weber AN, Rieber N,
Radsak M, von Bernuth H, et al. Neutrophils:
Between host defence, immune modulation, and
tissue injury. PLoS Pathog. 2015; 11(3):
€1004651.

O’Brien CE, Price ET. The Blood Neutrophil to
Lymphocyte Ratio Correlates with Clinical Status
in Children with Cystic Fibrosis: A Retrospective
Study. PLoS ONE 2013; 8(10): e77420.

Gunay E, Saring Ulasl S, Akar O, Ahsen A, Glinay
S, Koyuncu T, et al. Neutrophil-to-lymphocyte
ratio in chronic obstructive pulmonary disease: A
retrospective study. Inflammation. 2014; 37(2):
374-80.

Imtiaz F, Shafique K, Mirza S, et al. Neutrophil
lymphocyte ratio as a measure of systemic
inflammation in prevalent chronic diseases in
Asian population. Int Arch Med. 2012: 2; 7682-5.
Yong X, Xu-Guang G, et al. Neutrophil count to
lymphocyte count ratio is a potential diagnostic
index for bacteremia in adult. Life Science J.
2014; 11(1): 172-7.

Ikinciogullari A, Koseoglu S, Kilic M, et al. New
inflammation parameters in sudden
sensorineural hearng loss: neutrophil-to-
lymphocyte ratio and platelet-to-lymphocyte
ratio. Int Adv Otol. 2014; 10(3): 197-200.

Seo YJ, Jeong JH, Choi JY, Moon IS. Neutrophil-
to-Lymphocyte Ratio and Platelet-to-
Lymphocyte Ratio: Novel Markers for Diagnosis
and Prognosis in Patients with Idiopathic Sudden
Sensorineural Hearing Loss. Disease Markers Dis
Markers. 2014; 2014: 702807.

Yeniglin A. Assessment of patients with nasal
polyposis by the neutrophil-to-lymphocyte ratio
and eosinophil-to-lymphocyte ratio. Kulak Burun
Bogaz lhtis Derg. 2015; 25(4): 193-199.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Alan S, Tuna S, Turkoglu EB. The relation of
neutrophil to lymphocyte ratio, platelet to
lymphocyte rario and mean platelet volume
with the presence and severity of Behcet’s
syndrome. Kaohsiung Journal of Medical Sci.
2015; 31: 626-31.

Racz JM, Cleghorn MC, Jimenez MC, Atenafu EG,
Jackson TD, et al. Predictive Ability of Blood
Neutrophil-to-Lymphocyte  and  Platelet-to-
Lymphocyte Ratios in Gastrointestinal Stromal
Tumors. Ann Surg Oncol. 2015; 22(7): 2343-50.
Verdoia M, Barbieri L, Di Giovine G, Marino P,
Suryapranata H, De Luca G; Neutrophil to
Lymphocyte Ratio and the Extent of Coronary
Artery Disease: Results From a Large Cohort
Study. Novara Atherosclerosis Study Group
(NAS). Angiology. 2016; 67(1): 75-82.

Yazici S, Yazici M, Erer B, Calik Y, Ozhan H,
Ataoglu S. The platelet indices in patients with
rheumatoid arthritis: mean platelet volume
reflects disease activity. Platelets. 2010; 21(2):
122-5.

Kisacik B. et al. Mean platelet volume (MPV) as
an inflammatory marker in ankylosing spondylitis
and rheumatoid arthritis. Joint Bone Spine. 2008;
75(3): 291-4.

Biljak VR, Pancirov D, Cepelak I, Popovi¢-Grle S,
Stjepanovi¢ G, Grubii¢ TZ. Platelet count, mean
platelet volume and smoking status in stable
chronic obstructive pulmonary disease. Platelets.
2011; 22(6): 466-70.

Jensvoll H, Blix K, Braekkan SK, Hansen JB.
Platelet count measured prior to cancer
development is a risk factor for future
symptomatic venous thromboembolism: the
Tromsg Study. PLoS One. 2014; 9(3): e92011.
Tuncel T. et al. Change of mean platelet volume
values in asthmatic children as an inflammatory
marker. Allergol Immunopathol. 2012; 40(2):
104-7.

Chole RA, Sudhoff HH. Chronic otitis media,
mastoiditis, and petrositis. In: Flint PW, Haughey
BH, Lund U, et al, eds.Cummings
Otolaryngology: Head & Neck Surgery . 5th ed.
Philadelphia, Pa: Mosby Elsevier; 2010: Chap
139., p.: 1963-1979.

Aquino JEAP, Zavarezzi DE, Carvalho MRMS,
Aquino JNP. Endoscopic evaluation of
pharyngeal orifice of eustachian tube in patients
with chronic otitis. Int Arch Otorhinolaryngol
2007; 11(2): 106-108.

80| Page


http://www.ncbi.nlm.nih.gov/pubmed/19006634
http://www.ncbi.nlm.nih.gov/pubmed/19006634
http://www.ncbi.nlm.nih.gov/pubmed/19006634
http://www.ncbi.nlm.nih.gov/pubmed/?term=G%C3%BCnay%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24078279
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sar%C4%B1n%C3%A7%20Ula%C5%9Fl%C4%B1%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24078279
http://www.ncbi.nlm.nih.gov/pubmed/?term=Akar%20O%5BAuthor%5D&cauthor=true&cauthor_uid=24078279
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ahsen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24078279
http://www.ncbi.nlm.nih.gov/pubmed/?term=G%C3%BCnay%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24078279
http://www.ncbi.nlm.nih.gov/pubmed/?term=G%C3%BCnay%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24078279
http://www.ncbi.nlm.nih.gov/pubmed/?term=Koyuncu%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24078279
http://www.ncbi.nlm.nih.gov/pubmed/?term=Unl%C3%BC%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24078279
http://www.ncbi.nlm.nih.gov/pubmed/24078279
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seo%20YJ%5BAuthor%5D&cauthor=true&cauthor_uid=24891755
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jeong%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=24891755
https://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=24891755
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moon%20IS%5BAuthor%5D&cauthor=true&cauthor_uid=24891755
https://www.ncbi.nlm.nih.gov/pubmed/24891755
https://www.ncbi.nlm.nih.gov/pubmed/24891755

Okan DIKKER et al, International Journal of Medical and Biomedical Studies (IJMBS)

31.

32.

Elzey BD, Tian J, Jensen RJ, Swanson AK, Lees JR,
Lentz SR, et al. Plateletmediated modulation of
adaptive immunity: Acommunication link
between innate and adaptive immune
compartments. Immunity. 2003; 19: 9-19.

Hunelshausen PV, Weber C. Platelets as immune
cells. Bridging inflammation and cardiovascular

33.

disease. The review is part of a thematic series
on Mechanisms, Models, and In vivo imaging of
thrombus formation. Circ Res. 2007; 100: 27-40.
Flad HD, Brandt E. Platelet-derived chemokines:
Pathophysiology and therapeutic aspects. Cell
Mol Life Sci. 2010; 67: 2363-86.

8l|Page



