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The aim of the study was to investigate the hyaluronic 
acid concentration in middle ear fluid of patients with 
cleft palate as an indicator of the severity of the dis-
ease. Hyaluronic acid was examined in the middle ear 
fluid of 65 children (48 boys and 17 girls) subjected to 
cleft lip surgery in neonatal period up to 10 days of age. 
Patients were divided into 3 groups according to the 
course of the disease. First group consists of 15 patients 
with favorable course, second group consist of 25 pa-
tients with moderate course, third group included 25 
patients with an adverse course. Hyaluronic acid levels 
were determined by commercially available immunoas-
say. The concentrations of hyaluronic acid in the middle 
ear fluid were as follows (mean+SEM): favorable course: 
14253+2393 µg/l, moderate course: 7503+1345 µg/l, 
adverse course: 5905+2393 µg/l. Patients with ad-
verse course and moderate course had significantly de-
creased hyaluronic acid levels in middle ear fluid com-
pared to the patients with favorable course (P=0.02 and 
P=0.0018). Hyaluronic acid concentration is related to 
the course of the disease and the lowest values are most 
frequent in patients with an adverse course.
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INTRODUCTION

Hyaluronic acid (HA) is a high molecular weight ex-
tracellular matrix polysaccharide involved in a number 
of important biological processes including regulatory, 
inflammatory, immunosuppressive, and anti-proliferative 
effects (Gudowska et al., 2017; Kotaška & Trč, 2018; 
Marcuzzo et al., 2017). It is mainly involved in maintain-
ing the viscoelasticity of liquid tissues, in the supramo-
lecular spatial arrangement of proteoglycans in the extra-
cellular matrix, and in the regulation of osmotic pressure, 
which significantly affects the homogeneity of the tissue 
and its homeostatic integrity. Due to its unique viscoe-
lastic nature and non-immunogenicity, HA can also be 

used in a number of clinical applications, including joint 
fluid supplementation in osteoarthritis, to facilitate heal-
ing and regeneration of surgical wounds, as well as in 
ophthalmology, pharmacology, and cosmetics (Kotaška 
& Trč, 2018). Current studies describe the use of hyalu-
ronic acid as an important drug in otitis media effusion 
due to its anti-inflammatory and draining (mucociliar 
clearance) characteristics and for its ability to protect the 
mucous membranes (Abi Zeid Daou & Bassim, 2020; 
Deng et al., 2018; Torretta et al., 2017; Torretta et al., 
2016). Otitis media effusion is a non-inflammatory dis-
ease characterized by the presence of fluid of different 
viscosities in the middle ear and conductive hearing loss. 
Patients with cleft palate have severely impaired function 
of the Eustachian tube (Jurovcik et al., 2020). The result 
in almost all of them is the development of otitis media 
with effusion. (Torretta et al., 2017; Torretta et al., 2016). 
The aim of the study was to investigate the hyaluronic 
acid concentration in the middle ear fluid of patients 
with cleft palate as an indicator of the severity of the 
disease.

PATIENTS AND METHODS

Hyaluronic acid was examined in middle ear fluid of 
65 children (48 boys and 17 girls aged from 2 to 10 
days at the time of the middle ear fluid collection) sub-
jected to cleft lip surgery in neonatal period. Informed 
consent was signed by the parents of the individuals 
enrolled to the study. University Hospital Ethical com-
mittee approved the background of the study. After col-
lection, the samples were immediately transported to the 
laboratory and frozen at –80°C until analysis. Just before 
analysis, samples were diluted 1:500 in Phosphate Buffer 
(PBS) buffer pH 7.0–7.2. Second dilution 1:20 was per-
formed as a part of main analysis with buffer supplied in 
the reagent kit. Hyaluronic acid was determined by com-
mercially available immunoassay kit TECO Hyaluronic 
acid PLUS ELISA (Sissach, Switzerland). The analytical 
characteristics of the method were as follows: working 
range – 2.7 – 1000 µg/L, coefficient of variation 2.7 – 
5.2%. Patients were divided into 3 groups according to 
the course of the disease. First group consisted of 15 pa-
tients with favorable course with none, or a maximum of 
1 surgical procedure with the finding of a minimum of 
secretion without the need to insert middle ear drainage, 
in the further course with an airy middle ear. Second 
group consisted of 25 patients with moderate course, 
which included one surgical procedure with the finding 
of the secretion in the middle ear, a maximum of one 
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insertion of middle ear drainage. Third group included 
25 patients with the adverse course showing more than 
one surgery for indication of middle ear drainage. Pa-
tiens were under observation for at least two years after 
middle ear fluid collection.

Statistical analysis

The normality of the data distribution was test-
ed with D´Agostino Pearson test. Differences between 
subgroups were tested for statistical significance by the 
nonparametric Mann-Whitney test. Value of P<0.05 was 
considered as statistically significant. Statistical software 
MedCalc version: 13.02.01 (Oostende, Belgium) and 
GraphPad Prism version 8.02 (San Diego, CA) were 
used for statistical evaluation.

RESULTS

The concentrations of hyaluronic acid in the mid-
dle ear fluid were as follows (mean +S.E.M.): fa-
vorable course: 14253+2393 µg/L, moderate course: 
7503+1345 µg/L adverse course: 5905+2393 µg/l. The 
differences of HA values were significant. Patients with 
an adverse and moderate course had significantly de-
creased hyaluronic acid levels in the middle ear fluid 
compared to patients with a favorable course (P=0.02 
and P=0.0018). See Fig. 1.

DISCUSSION

The presented results confirm the theory that the 
concentrations of hyaluronic acid in the middle ear fluid 
correlate with the severity of middle ear pathology in-
cluding secretory otitis.

Increased concentrations of hyaluronic acid have been 
presented in patients with the favorable course of dis-
ease. Patients with a favorable course of secretory oti-
tis ventilated the middle ear without the need for tubing 
ventilation. On the other side, patients with an adverse 
course had decreased hyaluronic acid concentrations and 
required repeated surgical intervention and middle ear 
drainage. Problems with middle ear ventilation usually 
accompany patients with cleft palate for the rest of their 
lives. In adverse cases, there is a tendency to prolonged 
difficulties and recurrences. If the middle ear secretion is 
not drained, it thickens. Gradually, the adhesive changes 

of the eardrum develop and the middle ear bones are 
fixed. The condition can progress to chronic otitis with 
cholesteatoma (Abi Zeid Daou & Bassim, 2020). Current 
studies also show that therapeutic intranasal administra-
tion of hyaluronic acid significantly improves the course 
of otitis media with effusion (Cioffi et al., 2017; Topazio 
D et al., 2019; Torretta et al., 2016). Reference values of 
HA in the middle ear fluid have not yet been published. 
We investigated HA concentration in control group of 
patients after palatoplasty with no sign of otitis and 
we evaluated reference interval according to the Clini-
cal Laboratory Standard Institute (CLSI-EP 28A3c) ap-
proach using robust method with non parametric boot-
strap procedure (Horowitz, 2008). We calculated 90% CI 
of reference interval in the range of 604–28014 µg/L. 
We also compared the results found in the control group 
with the results of patients with secretory otitis, never-
theless the differences were not significant. The results 
of the pilot study showed high variability and overlap-
ping of HA concentrations in the studied groups (pri-
marily between adverse and moderate course of disease 
with nonsignificant differences). The overlap of HA con-
centrations is described in other biological materials in-
cluding synovial fluid (Kotaska et al., 2021). Adverse and 
moderate courses required additional surgical interven-
tion. The surgical interventions lead due to changes in 
physiological properties of hyaluronic acid (various vis-
cosity and lubrication properties) showing high variability 
in HA concentrations. This could be explained by the 
fact that the diagnostic ELISA kit, used to determine the 
concentration of hyaluronic acid in the middle ear fluid, 
does not provide accurate information on the size and 
molar mass of the analyzed HA form. The relationship 
between HA fragment size and clinical manifestations 
of various diseases is documented (Buhren et al., 2016). 
High and middle molecular weight forms (HMW-HA; 
>4×105 Dalton, and MMW-HA; 5×104–4×105 Da) are 
reported to have protective effects, while low molecular 
weight forms (LMW-HA; <5×104 Dalton) show signifi-
cant pro-inflammatory, angiogenic, and immunostimula-
tory activity (Buhren et al., 2016).

CONCLUSION

Hyaluronic acid concentrations in the middle ear fluid 
of patiens with cleft palate are related to the course of 
the disease and the lowest values are most frequent in 
patients with an adverse course. Hyaluronic acid in the 
ear fluid is a relevant marker of secretory otitis.
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