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Introduction

Otitis media (OM) represents the group of middle ear 
(ME) diseases, which affect 90% of small children. Primary 
forms of OM in childhood are classified by pediatric otol-
ogy on acute otitis media (AOM) and otitis media with ef-
fusion (OME) [1-3]. Symptoms and signs are different, but 
the common characteristic is hearing loss, what is difficult 
to suspect in a small child without special clinical diagnostic 
methods [1-8]. The duration of primary forms is limited: 
maximum 6 weeks in AOM and 12 weeks in OME. Further 
evolution of these two forms may be different, including 
transformation from AOM into OME and vice versa, but 
in 15-25% of cases they both progress into the prolonged 
forms such as recurrent acute otitis media (RAOM) and 
persistent otitis media with effusion (POME) [1]. Prolonged 
OM forms are characterized functionally by chronic hear-
ing loss what corresponds to chronic pathological changes 
in the middle ear. The prolonged OM affects child’s quality 
of life and general health [1-8]. Prognostics and detection 
of prolonged OM in small children and intensive treatment 
including surgical one have to prevent from the progressive 
disease evolution [1-14]. 
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Abstract
Background: Prolonged forms of otitis media (OM) lead to chronic hearing loss and disability from childhood. Wide spectrum of therapeutic approaches 
is used in management of OM in children. Objective evaluation of the middle ear after different curative modalities will help in analysis of treatment 
feasibility. The objective of this article was to compare the results of middle ear noninvasive monitoring after different surgical procedures in order to 
select the most effective one in prolonged otitis media forms. 
Material and methods: Patients represent 150 children with prolonged OM. Analyzed treatment modalities: I – myringotomy, II – classical tympanostomy, 
III – modified tympanostomy. Middle ear monitoring included otoscopy and audiometry what was repeated 4 times during 2 years, otomicroscopy in 1 
and 2 years and impedance audiometry in 2 years after surgery. The quality of life and general health scores were analyzed before surgery and in 1 and 
2 years after surgery. 
Results: Otoscopic and audiometric data showed stable improvement in 32% of children after myringotomy, 90% of children after classical tympanostomy 
and 97% of children after modified tympanostomy. Impedance audiometry in 2 years after surgery demonstrated complete restoration of middle ear 
function in 32% of children after myringotomy, in 78% of children after classical tympanostomy, and in 94% of children after modified tympanostomy. 
Conclusions: Post-surgical noninvasive monitoring demonstrated advantages of tympanostomy and especially in modified version: improvement and 
stability of middle ear function and low rate of otitis media persistence or recurrence.
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Importance of hearing organ function, necessity of early 
and precise diagnostics and unsatisfactory results of dif-
ferent therapy types facilitated development of objective 
diagnostic tools – electro-acoustical and electrophysiologi-
cal methods, as: impedance audiometry (IA), Brainstem 
Evoked Response Audiometry (BERA) and registration of 
otoacoustical emissions (OAE) for early detection of ME 
pathology [1-6].  Are they useful in prognosis of OM nega-
tive evolution?

Management of OM prolonged forms such as POME 
and RAOM, consists of different approaches and methods. 
Traditional modality includes diagnostic tests for children 
with evident OM manifestations. Treatment approach is 
composed by adenoidectomy with/or without physiother-
apy as a first, sometimes single, stage. Myringotomy with 
tympanostomy tube (TT) insertion or tympanostomy (TS) 
is performed rarely, as a second procedure in a few months 
or years on a later stage. The effectiveness of this classical 
intervention is not clear [3-8]. 

Another therapeutic approach to POME and RAOM 
treatment is presented in Protocols of OM management 
from USA, Finland, Australia, Japan, etc. [1-6].

Comprehensive standards are based on early objective 
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detection of ME pathology in small children with risk fac-
tors (RF), “watchful waiting” period of 3 months and rela-
tively early surgical intervention – TS as a first and single 
procedure. Adenoidectomy, one of the classical “treatment” 
of OM, is recommended rarely, only in cases of evident and 
“proven true” hypertrophy of adenoids or in case of further 
OM progression or recurrence, in complex with second TS-
surgery [1-4]. Physiotherapy in OM is not recommended 
by contemporary Otorhinolaryngology. This modality evi-
dently reduces the OM recurrence, chronicity and compli-
cation rates. High prevalence of prolonged OM in the world 
and standardized surgical approach increases the number 
of ear surgery and makes TS the most frequently surgery 
performed in children in USA, Finland, Australia, etc. [1-5].

Chronic suppurative OM, otogenic complications and 
chronic hearing loss rates still are relatively high, including 
in Moldova, what stimulates OM researches [9-11]. 

We conducted several projects in collaboration with 
Mayo Foundation, Mayo Clinic, Rochester, MN, USA and 
Society “Pediatricians due Monde”, Clermont-Ferrand 
(France) in order to create a system of OM management in 
Moldova. The goal of OM management is the ME physical 
and acoustical restoration and prevention of OM recurrence 
[10-14].

Our approach includes several steps: 1) evaluating of ev-
ident risk factors (RF) for prolonged OM in every child, 2) 
monitoring of ME status in children with high score of RF, 
3) medical treatment of basic pathology, 4) surgical treat-
ment including TS and adenoidectomy, 5) monitoring of 
ME in post-surgical period.

We formulated the diagnostic algorithm to highlight the 
somatic conditions and diseases, which predispose to OM 
prolonged forms. Medical therapy of identified pathology in 
complex with further ME monitoring helped in differentia-
tion between the symptomatic (treatable) and independent 
prolonged OM [2, 10-12]. Our surgical complex included 
tympanostomy in our modification and adenoidectomy. 
Modified tympanostomy (MTS) is designed in order to 
improve cleaning and visualization of the tympanic cavity 
[15]. Monitoring of the otoscopical, physical and acoustical 
characteristics, dynamics of quality of life (QL) and general 
health (GH) is necessary for estimation of the feasibility of 
any therapeutic activities conducted in prolonged OM [1-
14, 16-18].

The purpose of this article is to compare outcomes of 
prolonged OM in function of applied treatment modalities 
on the base of noninvasive monitoring.

Material and methods

Material. Patients’ selection: Children at 1-7 years of 
age with OM and predisposing factors to recurrence and 
chronicity in the number of 950 were included in the group 
for observation. Monitoring of ME included screening-
impedance audiometry and screening-otoscopy four times 
during 1 year (once in 3 months). Additional diagnostic 
methods and medical treatment of pathological conditions 

in children with OM improved ME status in the majority of 
cases. The presence of pathological changes during at least 3 
months we classified as persistent otitis media with effusion 
(POME). Recurrence of OM signs 3 times during 6 months 
or 4 times during 12 months we classified as recurrent acute 
otitis media (RAOM) [1-8, 10-14]. As a result of patients’ 
selection we included in this study 150 patients with pro-
longed OM.

Methods. Monitoring methods included screening 
otoscopy and otomicroscopy, audiometry, impedance audi-
ometry, quality of life (QL) and general health (GH) char-
acteristics before and after the treatment. Monitoring was 
performed for 24 months period.

Otomicroscopy test. Were used 2 otoscopy sets: “Carl 
Storz” set and Otomicroscope “Zeiss”. We created the da-
tabase of every child’s otoscopical profile, which includes 
pre-surgical otomicroscopic data, surgical findings and oto-
scopical monitoring after surgery. Unification and statistical 
analysis of otoscopic data were implemented on the base of 
profile numerical assessment in accordance with elaborat-
ed scale. Our scale provides gradation of all TM changes. 
Normal tympanic membrane appearance was graded 0 
points, doubtful otoscopic shifts – 1 point, minimal patho-
logic changes – 2-5 points, evident inflammatory signs – 6-8 
points, manifested otoscopic signs – 9-10 points and forma-
tion of chronic purulent OM – 11-13 points.

Electro-acoustical tests. Two sets were used: a) imped-
ance audiometer for screening MT-10, b) clinical impedance 
audiometer. Both instruments have the probe tone frequen-
cy of 226 Hz and a positive and negative pressure sweep be-
tween +200 and -400 daPa and sweep speed – 600 daPa/s, 
near the tympanogram peak – 200 daPa/s, and the compli-
ance range – 0.1-0.6 ml. We analyzed and monitored before 
surgery and after surgery in 24 months the tympanogram 
type, compliance, absolute gradient, relative gradient, width 
and pressure at tympanogram pick.

Audiometry. General hearing assessment, evaluation of 
hearing thresholds level and differentiation between con-
ductive, sensorineural and mixed hearing loss were done 
using the conventional audiometry. The objective examina-
tion such as registration of otoacoustical emissions (OAE) 
or brainstem electrical response audiometry (BERA) were 
performed for children with communication difficulties. 
We analyzed and monitored before surgery and in 12 and 
24 months after surgery hearing thresholds level and pick 
latency.

General health evaluation. The general health in the 
group of children with prolonged OM was analyzed during 
2 years: before surgery, and in 1 and 2 years after surgery. 
We evaluated some indexes: the number of days off, clinic 
visits,  antibiotic courses, and OM recurrence rate. The total 
general health deterioration score was calculated as a sum 
of these indexes data divided by the number of indexes [10, 
13, 14].

Quality of life evaluation. Using elaborated question-
naire we analyzed quality of life of children with prolonged 
OM. According to the questionnaire parents assessed quali-
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ty of life indexes: physical suffering, hearing loss, speech im-
pairment, emotional distress, activity limitations and others 
by the scale of 7 points (from ”very bad” to ”very good”). 
Quality of life deterioration score was calculated by totaling 
each item’s score and dividing the sum by the number of 
indexes [10, 13, 14, 17-19].

Quality of life and general health deterioration scores of 
children were calculated for every child before, and in 1 and 
2 years after surgical treatment. The data were recorded in 
database. Statistical analyses: Student-test, Fisher-statistics 
and discriminate analysis were performed.

Results and discussion

Characteristics of patients. Clinically, prolonged forms 
of OM had relatively silent course and became evident for 
child’s parents at the age of 3-4 years. Electroacoustical 
monitoring of small children with RF demonstrated that 
prolonged OM background developed during 1-3 years. 
Otoscopical and especially otomicroscopical profile dem-
onstrated prolonged changes of TM and TC, with medium 
score 5.5 (SD 1.4). Audiometry revealed mild to moderate 
conductive hearing loss, which correlated to ME pathology 
independently of OM form. Impedance audiometry ex-
amination revealed type B of tympanogram in 73% of pa-
tients and stable abnormal type C with low characteristics 
of curve in 27% of cases. All children with prolonged OM 
in median had more than 71 days of illness, 8 clinic visits, 
received 6 courses of antibiotics, including for 4.5 cases of 
OM.  The General health (GH) deterioration mean score in 
three groups of children was 6.63 (SD 0.3). In all patients 
with prolonged OM Quality of life (QL) deterioration mean 
score was 5.5 (SD 0.5).

Surgical treatment modalities. Complex of surgical 
treatment for the children with POME and RAOM included 
ear surgery and adenoidectomy. According to ear surgery 
patients were divided in 3 groups: M – myringotomy, CTS 
– classical tympanostomy, MTS – modified tympanostomy. 
Each group of patients consisted of 50 children with pro-
longed OM.

Myringotomy is a microsurgical procedure, schemati-
cally consists of two steps: the incision of the tympanic 
membrane (TM) in posterior-inferior quadrant and aspira-
tion of the pathological content from tympanic cavity (TC) 
through this perforation. Classical tympanostomy provides 
insertion of tympanostomy tube (TT) in the place of inci-
sion [3, 4, 14]. 

We analyzed and compared the advantages and disad-
vantages of these classical surgery types. The myringotomy 
incision is enough big in order to eliminate the pathological 
secret from TC, but in small children the incision closes it-
self in a few days after the surgery what limits drainage and 
aeration time. Classical tympanostomy (CTS) differs from 
classical myringotomy by some important characteristics: 1) 
the location of incision has to be changed to anterior quad-
rants of the TM, where tympanostomy tube will not provoke 
any damages; 2) the size of incision has to be smaller, in cor-

respondence to the small size of tympanostomy tube (TT); 
3) the insertion of TT provides longer aeration of TC, but 
complicates complete drainage. As a result, otorrhea and re-
currence of OM are still registered in 18-33% of cases [2-8].

The most important disadvantage of tympanostomy 
consists in impossibility to solve the 2 different tasks of the 
surgery by one incision: complete and long evacuation of 
pathological content and TT fixation. The incision size has 
to be very small in correspondence to TT size. But effu-
sion thickness and volume in TC make cleaning incomplete 
through this tiny incision. Remnants of viscous, mucous 
or purulent liquid are present in TC after surgery. As a re-
sult, otorrhea develops in post-surgical period in 11–32%. 
Additionally, otomicroscopic exploration of the TC through 
this small incision is practically impossible. Another cause 
of OM recurrence may be connected to infection from rhi-
nopharynx. Absence of adenoidectomy in a complex surgi-
cal procedure may explain relatively high recurrence rate [2, 
3, 6, 7].

We elaborated modified tympanostomy in order to avoid 
these disadvantages [15]. We introduced the additional in-
cision in posterior quadrants for complete evacuation of 
pathological content from the TC. Second incision opens 
TC larger than incision for TT what improves evacuation of 
pathological material from TC and increases the visibility 
of TC changes. The additional incision closes itself during 
a few days with no any negative further influence on ME 
function and/or otoscopical appearance, according to our 
previous results [10-14].

Results of monitoring.  Otoscopic and otomicroscopic 
data showed an improvement in 61% of children after myr-
ingotomy (M group), 90% of children after classical tym-
panostomy (CTS group) and 97% of children after modi-
fied tympanostomy (MTS group). During 2-year follow-up 
worsening of otoscopic view was characteristic for 42% of 
patients from M group, 20% of patients from CTS group 
and 7% of patients from MTS group.

Hearing of patients in MTS group was normalized (from 
36 dB to 20 dB in median) during first 1-3 months after the 
surgery and was stable during 24 months after surgery in 
97% of cases (tab.1).

Table 1
Results of hearing examination before and after surgery 

in 3 groups of childre

Groups

Hearing thresholds level (dB)

Before 
surgery

Time of examination after surgery (months)

1 3 6 9 12 18 24
M 36 20 25 30 33 34 35 35

CTS 37 23 24 26 26 26 26 26
MTS 37 20 20 21 20 21 22 22

M – myringotomy, CTS – classical tympanostomy, MTS – modified 
tympanostomy.

During 2 years we noted a temporary (1–2 weeks) wors-
ening till 25 dB in 1% – 3% of cases. Dynamics of hearing 
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in patients from CTS group was positive in the majority of 
cases. Normalization of hearing level (20 dB) during first 
1-3 months after surgery was characteristic for 86% of the 
patients, significant improvement (till 25 dB) was noted in 
14% of cases. During next 24 months we registered periodic 
worsening of hearing level in 28% of patients. Hearing loss 
till 25 dB was characteristic for 19% of patients from CTS 
group, lower than 25 dB hearing loss – for 9%.

In M group of patients, hearing dynamics had an undu-
lating character: an improvement of hearing in the majority 
of patients – 95 % during first 1–3 months after surgery and 
gradual reduction of hearing level during first 3-6 months 
in 68 % of cases. Totally, 32 % of children from M group had 
normal hearing during 2 years of follow up. These results 
significantly differ from the data of MTS and CTS groups 
(p<0.01).

Impedance audiometry performed in 2 years after sur-
gery (tab. 2) demonstrated complete restoration of middle 
ear function (type A of tympanogram with normal charac-
teristics of the curve) in 32% of children from M group, in 
78% of children from CTS group, and in 94% of children 
from MTS group. Type B of tympanogram was registered in 
42% of cases from M group, 10% of cases from CTS group 
and 2% of cases from MTS group. Type C of tympanogram 
was characteristic for 26% of patients from M group, 12% 
of patients from CTS group and 4% of patients from MTS 
group (p<0.01).

Table 2
Results of impedance audiometry before and after 

surgery in 3 groups of children

Groups

Ears with tympanogram type (%)

Before surgery 24 months after surgery

Type A Type B Type C Type A Type B Type C
M 0 73 27 32 42 26

CTS 0 72 28 78 10 12
MTS 0 74 26 94 2 4

M – myringotomy, CTS – classical tympanostomy, MTS – modified 
tympanostomy.

General health. During one year of observation af-
ter surgical treatment otitis media recurrence rate in MTS 
group was 2%, what is significantly lower in comparison 
with 38% in M subgroup and 16% in CTS group, p<0.001 
(tab. 3). During the follow up after surgery, we have regis-

tered a statistically significant reduction in the number of 
days off, clinic visits number, antibiotic courses and pres-
ence of OM in MTS group.

These children after surgery had less than 10 days of ill-
ness in average, 2 clinic visits, received 0.1 courses of antibi-
otics, including for 0.08 cases of OM. The GH deterioration 
score in MTS group after surgery was 0.84 (SD 0.3) what 
differs from the same data before surgery – 6.75 (SD 0.4), 
p<0.01 (tab. 3). The GH deterioration score in CTS group 
after surgery was 1.99 (SD 0.3), what differs from the same 
data before surgery – 6.68 (SD 0.4), p<0.01. This GH score 
for children from M group after surgery was 3.34 (SD 0.6), 
what differs from the data before surgery – 6.62 (SD 0.4), 
p<0.05. 

Quality of life. The comparison of QL deterioration 
scores in 3 subgroups before and after surgery confirmed 
the most significant shift in MTS group: before surgery – 5.6 
(SD 0.5), after surgery – 1.3 (SD 0.5), p<0.01. Approximately 
the same dynamics was found in CTS group, where QL de-
terioration score improved from 5.5 (SD 0.4) to 2.0 (SD 0.7), 
p <0.01. In group M an improvement of the children’s QL 
index has been less significant. For M subgroup this score 
before surgery was – 5.5 (SD 0.5), after surgery – 2.83 (SD 
1.2), p<0.05. 

According to our research, post-surgical electro-acous-
tical monitoring in combination with evaluation of general 
health and quality of life indexes gives the important infor-
mation of middle ear status and function and is useful in 
prognosis of otitis media evolution. 

We consider that our medical treatment of predispos-
ing inflammatory diseases in children with prolonged OM 
permitted to resolve OM cases, which depended on this 
pathology.  This treatment also represented the process of 
differentiation of true prolonged OM, which is necessary to 
treat by ear surgery. We think that it determinates lower rate 
of surgical ear intervention. Classical tympanostomy in our 
research was performed in complex with adenoidectomy 
what was the reason for better results in comparison with 
other researches data [2-8, 11-17]. The monitoring demon-
strated the advantages of complex surgical tympanostomy 
especially in modified version. Better results of modified 
tympanostomy in comparison with results after classical 
tympanostomy in our study are explicated by additional in-
cision, which increases cleaning options of surgery. Surgical 
treatment in our modification is helpful in restoration of the 

Table 3
Dynamics of recurrence rate, GH and QL indexes before and after surgery in 3 groups of children

Groups Recurrence
rate (%)

Scores mean (SD)

General health Quality of life

Before 
surgery

12 
months

24 
months

Before 
surgery

12 
months

24 
months

M 38 6.62 (0.4) 3.30 (0.4) 3.34 (0.6) 5.5 (0.5) 2.6 (1.5) 2.8 (1.2)
CTS 16 6.68 (0.4) 1.93 (0.5) 1.99 (0.3) 5.5 (0.4) 1.8 (0.6) 2.0 (0.7)
MTS 2 6.75 (0.4) 0.87 (0.3) 0.84 (0.2) 5.6 (0.5) 1.3 (0.5) 1.3 (0.5)

M – myringotomy, CTS – classical tympanostomy, MTS – modified tympanostomy.
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ME anatomy and function and prevention of OM persis-
tence or recurrence.

Conclusions

Post-surgical electro-acoustical monitoring with GH 
and QL evaluation demonstrated different outcome of exist-
ed surgical techniques of prolonged OM. According to the 
monitoring results, tympanostomy, especially its modified 
version, is more effective than myringotomy in prevention 
of OM recurrence, hearing restoration and normalization of 
GH and QL indexes.
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