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Abstract

Background: Mild to moderate hypothermia are the basis of neuroprotective strategies during cardiopulmonary bypass op-
erations. Mild hypothermia has a protective role on the cochlea and could prevent its damage during long lasting operations. 
However, deep hypothermia may result in cochlear cells injury. This research aims to assess the effect of different hypother-
mic techniques on cochlear functions in children after open heart surgery.

Material and methods: Forty children with various acyanotic heart diseases who underwent open heart surgery were included 
in this study. They were subdivided into two groups; Group I: twenty patients who were subjected to mild hypothermic tech-
nique (33° to 37°C), Group II: twenty patients who were subjected to moderate hypothermic technique (28° to 32°C). Audio-
logical assessment included basic evaluation and otoacoustic emissions testing.

Results: All patients had normal hearing. Both study groups had Distortion product otoacoustic emissions (DPOAEs) am-
plitude >3 dB SPL at all frequencies. However, group II showed lower amplitude at all frequencies with statistically signifi-
cant difference at high frequencies (4.416–8.837 KHz) compared to group I (P<0.01). TEOAEs showed partial pass in three 
patients of group I (15%) and in 15 patients of group II (75%). Moreover, Group II showed statistical significant reduction in 
the overall TEOAEs amplitude as well as at high frequencies (2–4 KHz) (P<0.01).

Conclusions: Patients exposed to moderate hypothermic technique had subtle cochlear dysfunction. Care should be tak-
en for choice of moderate hypothermic technique in open heart surgeries for children at risk for sensorineural hearing loss.
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Background

The risk of sensorineural hearing loss after surgical proce-
dures, including extra-corporeal circulation and hypother-
mia, is estimated to be 0.14% in the literature, a rate six times 
greater than the risk incurred in by the population in gen-
eral [1]. In cardiopulmonary bypass most patients are sub-
jected to one of two techniques regarding body temperature 
either mild (normothermic) technique in which body tem-
perature ranges from 32° to 37°C or moderate hypothermic 
technique in which body temperature ranges from 28° to 
32°C [2]. Few studies revealed that mild hypothermia has 
a protective role on the cochlea and could prevent its dam-
age during long lasting operations performed in extracor-
poreal circulation [3]. However, extracorporeal circulation 
with deep hypothermia may result in cochlear cells inju-
ry [4]. So this research aimed to assess the effect of differ-
ent hypothermic techniques on cochlear functions in chil-
dren after open heart surgery using otoacoustic emissions.

Material and methods

Forty children with various acyanotic heart diseases who 
underwent open heart surgery were enrolled in this study 

on the fifth to seventh day post operatively. They were sub-
divided in two groups; Group I: twenty patients (11 males 
and 9 females), their age mean was 7.55 (±4.41) years, 
they were subjected to mild hypothermic technique (33° 
to 37°C) and Group II: twenty children (12 males and 
8 females), their age mean was 7.75 (±4.41) years, they 
were subjected to moderate hypothermic technique (28° 
to 32°C). A verbal uniform consent was obtained from 
all studied children’s parents. The Pediatric Department 
Board ethically approved the study.

Patients who had history of recurrent otitis media, family 
history of deafness or those who showed abnormal tym-
panometry were excluded from the study.

Otoscopic examination then pure tone and speech audi-
ometry were performed by using Madsen Electronic audi-
ometer, model Orbiter 922 in a sound treated room. The 
pure-tone thresholds were detected for each octave fre-
quency between 0.250 and 8.0 kHz. Immittancemetry in-
cluding tympanometry and acoustic reflex threshold test-
ing using Grason Stadler impedance meter model GSI 33 
was performed. Transient Evoked otoacoustic emissions 
(TEOAEs) were obtained by using Smart Intelligent OAEs 
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analyzer, version 3.02. Subjects were resting in a sound 
treated room. A probe fitted to the tested ear delivered 
acoustic stimuli at an average of 80 dBSPL and respons-
es (echo levels) were recorded at 5 frequency bands over 
a range of 1 to 4.0 kHz. The results of TEOAEs were in-
terpreted according to Maxon et al. [5] into one of three 
categories. Pass: the response was 3 dB or above signal-
to-noise ratio (SNR ≥3 dB) in all test frequency bands, 
Partial pass: the response was present in at least one of 
the test frequency bands but not in all frequency bands 
and Fail: No response is present in any of the test fre-
quency bands.

For DPOAEs testing, two primary frequencies, f1 and f2 
were presented simultaneously with f2/f1 equaling 1.22. 
Eight points per octave were measured and plotted as func-
tion of f2 ranging from 0.5 to 8.0 kHz. Primary tone lev-
el combinations L1/L2=75/65 dBSPL. DPOAEs measure-
ment at 2f1/f2 were considered present when the emission 
amplitude at all individual frequencies was at least 3 dB 
higher than its associated noise amplitude (SNR ≥3 dB).

Statistical analysis

the data analyzed using IBM computer SPSS (Statistical 
Program for Social Science) version 15 as follows: quantita-
tive variables as range, mean and standard deviation (SD). 
Student “t” test was used for two independent means with 
normal distribution while comparison between two inde-
pendent groups for non-parametric data was by using Wil-
coxon Rank Sum test. P<0.05 was considered a significant.

Results

Forty children with various acyanotic heart diseases who 
underwent open heart surgery were enrolled in this study. 
Twenty-one patients (70%) had weight below 5th centile 
and 17 patients (56.7%) had height below 5th centile The 
cardiopulmonary bypass surgery with extracorporeal cir-
culation lasted no more than two hours

These children were subdivided into two groups age and 
gender matched; Group I: twenty patients who were subject-
ed to mild hypothermic technique (33° to 37° C), they were 
11 males and 9 females, their age mean was 7.55 (±4.41) 
years, and Group II: 20 children who were subjected to mod-
erate hypothermic technique (28° to 32°C), they were 12 
males and 8 females with a mean age of 7.75 (±4.41) years.

All children had normal hearing sensitivity as revealed by 
pure tone and speech audiometry with no statistical dif-
ference between two groups. All children had type (A) 
tympanograms indicating normal middle ear pressure.

All the children had DPOAEs amplitude >3 dB at all fre-
quencies. However, group II (hypothermic group) showed 
a very highly significant reduced amplitude levels at high 
frequencies (4.416–8.837 kHz) (P<0.01) (Table 1, Figure 1).

TEOAEs results showed partial pass in only three patients 
(15%) of the (normothermic) group I and in 15 patients 
(75%) of the (hypothermic) group II. Moreover, group 
II showed a significant reduction in the overall ampli-
tude as well as at high frequencies “2–4” kHz (P<0.01) 
( Table 2, Figure 2).

Discussion

In concordance with many studies, patients in the current 
study showed growth failure. Infants with congenital heart 
disease (CHD) are prone to malnutrition for several rea-
sons including decreased energy intake, increased ener-
gy requirements or both. Severity of malnutrition rang-
es from mild under-nutrition to failure to thrive. This can 
have a notable effect on the outcome of surgery, increas-
ing morbidity and mortality [6].

In the current study all patients had post-operatively nor-
mal hearing sensitivity. Sudden hearing loss following car-
diac surgery with extracorporeal circulation was first re-
ported by Arenberg et al. [7] in 1972. In 1980, Plasse et al. 
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Figure 1.  DPOAES amplitude levels at different 
frequencies in both groups. Group I: 
normothermic ; Group II: hypothermic.

Frequency 0.783 KHz 1.165 KHz 1.560 KHz 2.211 KHz 3.125 KHz 4.416 KHz 6.250 KHz 8.837 KHz

Group I
Mean

SD
12.38

6.94
17.35

9.169
23.08

9.65
23.40

9.78
21.10

9.78
18.85

6.225
27.75

9.89
28.95
12.02

Group II
Mean

SD
7.10
8.39

11.95
8.803

19.58
8.76

21.45
9.592

18.68
9.00

14.20
8.30

19.75
9.85

15.85
10.32

P value 0.01** 0.01* 0.09 0.37 0.25 0.00** 0.00** 0.00**

Table 1. Comparison between the DPOAES response levels at different frequencies in both groups.

 * High statistically significant; ** very high statistically significant.
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[8] reported seven cases of unilateral sensorineural hear-
ing loss (SNHL) from a total of 7,000 immediately after 
cardiac operations for coronary artery bypass or congeni-
tal heart disease. However, Brownson et al. [9] performed 
audiometry in 50 post-operative patients and found no 
changes in hearing.

Few researchers have studied the effects of temperature 
changes on cochlear function in humans using  TEOAEs. 
Both Veuilet et al. [4] and Seifert et al. [10] reported 
 TEOAEs alterations among the frequency components 
with cooling. Namyslowski et al. [3] assessed TEOAEs be-
fore and following surgery. TEOAEs showed no tendency 
to decrease in patients whose extracorporeal normother-
mia circulation time was between 1–2 hours.

More recently, using DPOAEs, Erdinc et al. [11] investi-
gated extreme hypothermia in children undergoing con-
genital open heart surgery where body temperature can be 
lowered over a large temperature interval. Inner ear func-
tions diminished with the increased degree of hypother-
mia and returned to normal with warming.

Despite all the children in this study had normal hearing 
sensitivity by pure tone and speech audiometry, DPOAEs 
of the hypothermic group II showed a highly significant 
reduced amplitude at high frequencies (4.416–8.837 kHz). 
Also TEOAEs results showed partial pass in only 15% of 

the normothermic group I compared to 75% of the hypo-
thermic group II. Moreover, the hypothermic group II had 
a significant reduction in the overall amplitude as well as 
at high frequencies “2–4” kHz.

While TEOAEs have the advantage of evaluating middle-
frequency (1–4 kHz), DPOAEs precisely detect cochle-
ar dysfunction in a frequency-specific manner and meas-
uring higher frequency ranges. OAEs significant findings 
among the moderate hypothermic group II might imply 
impairment in the activation of cochlear OHCs generat-
ing OAEs. These were evident mainly at high frequency 
regions of the cochlea as detected by both TEOAEs and 
DPOAEs. This reflects more affection of the basal turn of 
the cochlea other than the rest of the cochlea.

Recent experimental animal studies have shown ischem-
ic induced injury after reperfusion of the inner ear. Glu-
tamate, an excitatory neurotransmitter in the cochlea, is 
thought to play an important role in the pathogenesis of 
ischemia-induced cochlear damage. However, the role 
of mild hypothermia in prevention of inner ear damage 
have been proved by many researchers. Watanabe et al. 
[12] demonstrated that hearing loss and inner ear dam-
age were completely prevented by pre-ischemic mild hy-
pothermia. Hyodo et al. [13] considered that such protec-
tive effects were primarily through reduction of glutamate 
efflux. On other hand the protective role of post-ischem-
ic mild hypothermia have been suggested through the at-
tenuation of oxidative stress [14]. Till now, evaluation of 
such protective role using moderate hypothermia, have 
not yet been investigated.

So, in the present study such subtle cochlear dysfunction, 
found in group II, might be explained by mild ischemia 
and /or hypoperfusion injury of the inner ear that might 
have occurred during cardiopulmonary bypass surgery. 
Yet, normal hearing in both groups would reflect the pro-
tective value of using hypothermia during cardiopulmo-
nary bypass surgery,

Conclusions

Patients exposed to moderate hypothermic technique dur-
ing cardiac surgery had subtle cochlear dysfunction. Care 
should be taken for choice of moderate hypothermic tech-
nique in open heart surgeries for children at risk for sen-
sorineural hearing loss.
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Figure 2.  TEOAES amplitude levels at different 
frequencies and the overall response level of 
both groups. Group I: normothermic ; Group II: 
hypothermic.

Frequency 1 KHz 1.5 KHz 2 KHz 3 KHz 4 KHz Overall
response

Group I
Mean

SD
6.62
5.79

10.11
5.79

12.40
12.40

11.63
5.54

8.04
5.171

9.76
3.83

Group II
Mean

SD
5.98
5.61

9.06
6.56

7.93
7.93

8.12
5.64

4.28
4.98

7.07
4.43

P value 0.62 0.44 0.00** 0.00** 0.00** 0.00**

Table 2. Comparison between the TEOAEs response levels at different frequencies in both groups.

** Very high statistically significant.
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