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Obstructive sleep apnea syndrome (OSAS) is charac-
terized as apneas due to the recurrent upper airway 

collapse during sleep, snoring and excessive daytime sleep-
iness [1]. Recurrent upper airway obstruction blocks the 
effective blood exchange in the lung alveolus. This block-
age causes oxygen desaturation and increase in the carbon 
dioxide levels. Hypoxemia and carbon dioxide retention 
occurred during apnea induce sympathetic activation and 
vasoconstriction via chemoreflex cycle. Sympathetic acti-
vation increases during apnea and ends up by awakening. 

Heart rate volume and blood pressure increases with nor-
mal breathing function. Increased sympathetic activation 
continues in the day and causes permanent changes in the 
long term. Sympathetic activation ends up with the in-
creased blood pressure and termination of apnea [2].

Hypoxia generally can be categorized as hypoxaemic 
hypoxia, anemic hypoxia, circulatory hypoxia, and his-
totoxic hypoxia. Hypoxia and ischemia are known as 
main factors that may cause hearing loss. Mazurek et al. 
[3] used an in vitro hypoxia and ischemia model of the 
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newborn rat cochlea and showed the loss of both inner 
and outer hair cells. They showed this decrease especially 
on the inner hairy cells. Our aim was to evaluate hearing 
level during hypoxia caused by apnea attacks. There are 
some studies related to audition patients with obstruc-
tive sleep apnea syndrome in the literature [4].

Our aim was to evaluate auditory functions in rats af-
ter hypoxia that was created by apnea attacks with auto-
acoustic emission in our study.

MATERIALS AND METHODS

This study was conducted in Inonu University Audiology 
Laboratory after the approval of Inonu University Fac-
ulty of Medicine Experimental Animal Research Ethics 
Committee (Protocol Number: 2011/A-102). In this 
study, 15 Wistar albino rats with a weight of 250–300 g 
were used. Experimental rats were experimented with 12 
hours of light, 12 hours of dark illumination, tempera-
ture (22±2°C) and humidity (45–50%) in automatically 
adjusted rooms. In the experimental process, all rats were 
fed with standard pellet feed in polycarbonate transpar-
ent lattices and fresh tap water was given every day. Anes-
thesia was performed by 40 mg/kg Ketamine and 5 mg/
kg Xylazine through intramuscular administration. Then 
the processes were applied in the silence. Otoacoustic 
emission measurements were used to evaluate the hearing 
functions of all rats. Otoacoustic emission measurements 
were performed using Otoacoustic emission (DP Gram) 
values. This study involved 15 rats with normal auditory 
functions. Rats were randomly divided into two groups.

Grouping
Group 1 (control group)
Tracheotomy was performed on the five rats in this group 
after Distortion product otoacoustic emissions (DPOAE) 
measurements under general anesthesia. In this process, 
the rats were followed by an oxygen saturation probe (Min-
dray, MEC-1000, neonatal probe). DPOAE measure-
ments were repeated without hypoxia after tracheotomy.

Group 2 (hypoxia group)
DPOAE measurements were performed under general 
anesthesia in 10 rats in this group, then, tracheotomy was 
performed. The tracheotomy cannula was closed for at 
least 10 seconds after the tracheotomy (an apnea attack 
was imitated). In this process, the rats were followed by 
an oxygen saturation probe (Mindray, MEC-1000, neo-

natal probe). At the moment when saturation decreased 
below 85% (hypoxia period), the measurements of distor-
tion product otoacoustic emission were repeated. A single 
apnea was created that reduces oxygen saturation below 
85%. Measurement was taken immediately after apnea.

Tracheotomy Process
The experimental rat was fixed to the dissection table 
with warmer temperature and stable in the supine po-
sition. Surgical area was cleaned with 70% ethyl alcohol. 

Figure 1. Tracheotomy incision.

Figure 2. Tracheotomy cannula placement.

Highlight key points

• Acute hypoxia induced by tracheotomy.

• Cochlear reply decreased in high frequencies during hypoxia 
that was created by apnea attacks.



Cicek et al., The effect of acute hypoxia on audition 3 

RESULTS

Control Group
Tracheotomy was performed on the five rats in this 
group after DPOAE measurements under general 
anesthesia. In this process, the rat was followed by an 
oxygen saturation probe (Mindray, MEC-1000, neo-
natal probe). DPOAE measurements were repeated 
without hypoxia after tracheotomy. This group was 
used only for comparison with the other group con-
cerning DPOAE responses. DP gram measurements 
before and after tracheotomy at 1019.5 Hz, 1605.5 
Hz, 2027.3 Hz, 2566.4 Hz, 3210.9 Hz, 4054.7 Hz, 
5121.1 Hz, 6445.3 Hz, 8003.9 Hz and 10078.1 fre-
quencies were carried out and recorded.

The mean values in the pre-tracheotomy measure-
ments of DPOAE were as follows: SPL, 3.88 SPL at 
1605.5 Hz, 4.28 SPL at 2027.3 Hz, 6.54 SPL at 2566.4 
Hz, 3210.9 9.98 SPL at Hz, 14.86 SPL at 4054.7 Hz, 
19.76 SPL at 5121.1 Hz, 24.3 at 6445.3 Hz SPL was 
found as 27.84 SPL at 8003.9 Hz and 33.36 SPL at 
10078.1 Hz (Table 1, Fig. 4).

Mean values of DPOAE post-tracheotomy measure-
ments at 1019.5 Hz 2.86 SPL, 4.18 SPL at 1605.5 Hz, 
4.52 SPL at 2027.3 Hz, 6.42 SPL at 2566.4 Hz, 10.38 
SPL at 3210.9 Hz, 15.22 SPL at 4054.7 Hz, 19.8 SPL 
at 5121.1 Hz, 6445.3 25.06 SPL at Hz, 28.8 SPL at 
8003.9 Hz and 32.18 SPL at 10078.1 Hz were found. In 
the control group, at the1019.5 Hz, 1605.5 Hz, 2027.3 
Hz, 2566.4 Hz, 3210.9 Hz, 4054.7 Hz, 5121.1 Hz, 
6445.3 Hz 8003.9 Hz ve 10078.1 frequencies. There 

All surgical procedures were performed in a sterile envi-
ronment and with sterile surgical instruments. Trachea 
was reached by dissecting tissues at the midline of the 
neck after a 1.5 cm incision in the vertical plane and an 
appropriately sized cannula was placed through the win-
dow opening in the trachea (Fig. 1, 2).

DPOAE Measurement Method
In the DPOAE test, GSI Audera DPOAE (Grason 
Stadler, Madison, USA) device was used. Otoacoustic 
emission probe was placed in the external ear canal in the 
measured ear (Fig. 3).

In the first measurements of the rats, the well hear-
ing ears were determined and repeated measurements 
were continued in the same ear. The control and cali-
bration of the probe were automatically performed by 
the measuring system before each test. Measurements 
were performed in an environment not exceeding 45 
dB SPL. The primary stimulus levels for DP gram 
measurements were equalized at 65 dB. Two separate 
frequencies (f1 and f2) are arranged so that the most 
powerful responses can be obtained as f2 / f1 = 1.22. 
DP grams were measured at a frequency of 019.5 Hz, 
1605.5 Hz, 2027.3 Hz, 2566.4 Hz, 3210.9 Hz, 4054.7 
Hz, 5121.1 Hz, 6445.3 Hz at 8003.9 Hz and 10078.1 
Hz. and results were recorded.

Statistical Analysis
In the statistical analysis, SPSS for Windows Version 
17.00 program was used. The measurable variables 
were presented as mean±standard deviation. Wilcoxon 
two-sample paired test was used for the changes within 
the groups. P<0.05 was accepted as statistically significant.

Figure 4. This graphic shows the change in DPOAE measure-
ments made before and after tracheotomy in the control 
group. The vertical column represents the value of DPOAEs 
in SPL units, while the horizontal column represents the 
measured frequency numerically from small to large.
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Figure 3. DPOAE Measurement during hypoxia.



North Clin Istanb4

were no statistically significant difference before and af-
ter the tracheotomy procedure (Table 1, Fig. 4).

Hypoxia Group
DPOAE measurements were performed under general 
anesthesia in 10 rats in this group. Then, tracheotomy 
was performed. The tracheotomy cannula was closed for 
at least 10 seconds after tracheotomy (an apnea attack 
was imitated). In this process, the rat was followed by 
oxygen saturation probe (Mindray, MEC-1000, neonatal 
probe). At the moment when saturation decreased below 
85% (hypoxia period), the measurements of DPOAE 
were repeated. This group was used to compare pre- and 
post-hypoxia concerning DPOAE responses. DP gram 
measurements before tracheotomy and during hypox-
ia at 1019.5 Hz, 1605.5 Hz, 2027.3 Hz, 2566.4 Hz, 
3210.9 Hz, 4054.7 Hz, 5121.1 Hz, 6445.3 Hz 8003, 
9 Hz and 10078.1 Hz frequencies were carried out and 
results were recorded.

The mean values in the pre-tracheotomy measurements 
of DPOAE were as follows: SPL, 4.05 SPL at 1605.5 Hz, 
4.36 SPL at 2027.3 Hz, 6.67 SPL at 2566.4 Hz, 3210.9 
10.27 SPL in Hz, 40.87 Hz, 14.81 SPL, 512.72 SPL in 
20.74 SPL, 6445.3 Hz 25.43 SPL 28.29 SPL at 8003.9 Hz 
and 33.18 SPL at 10078.1 Hz (Table 2, Fig. 5).

Mean values of DPOAE measurements during hypoxia 
were 2.55 at 1019.5 Hz. SPL, 3.80 SPL at 1605.5 Hz, 4.26 
SPL at 2027.3 Hz, 6.37 SPL at 2566.4 Hz, 3210.9 9.89 
SPL in Hz, 14.37 SPL in 4054.7 Hz, 20.05 SPL in 5121.1 
Hz, 6445.3 Hz 24.53 SPL was 27.14 SPL at 8003.9 Hz 
and 31.65 SPL at 10078.1 Hz (Table 2, Fig. 5).
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Figure 5. This graph shows the change in DPOAE measure-
ments made before and after tracheotomy in the hypoxia 
group. The vertical column represents the value of DPOAEs 
in SPL units, while the horizontal column represents the 
measured frequency numerically from small to large.
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In the hypoxic group at the following frequencies: 
1019.5 Hz, 1605.5 Hz, 2027.3 Hz, 2566.4 Hz, 3210.9 
Hz, 4054.7 Hz, 5121.1 Hz, 6445.3 Hz before and after 
hypoxia. There were no statistically significant differenc-
es between the measurements (p>0.05). In the hypoxia 
group, there were statistically significant differences be-
tween 8003.9 Hz and 10078.1 Hz frequencies before 
the tracheotomy and after hypoxia (p<0.05).

DISCUSSION

Blood pressure and heart rate decreases in the ear-
ly phase of apnea [5]. In the second phase of apnea, 
oxygen saturation decreases, blood pressure and heart 
rate increases [6]. It has been shown that hypoxemia, 
even a short-term and mild, may affect hearing levels 
and cochlear functions [7]. Hypoxia and ischemia are 
thought to be important factors that cause hearing loss. 
Mazurek et al. [3] used an in vitro hypoxia and isch-
emia model of the newborn rat cochlea and showed the 
loss of both inner and outer hair cells. They showed 
this decrease especially on the inner hairy cells.

Our aim was to evaluate audition during the hypoxic 
period created by apnea attacks. Tracheotomy was per-
formed under general anesthesia in the control group 
(consisting of five rats) after auditory assays were made 
with DPOAE. Rat was monitored with oxygen satu-
ration probe during the process. Auditory assays were 
repeated by DPOAE gram after tracheotomy process 
without creating hypoxia. This group was only used to 
compare DPOAE responses with the other group.

DPOAE gram measurements were carried out at 
1019.5 Hz, 1605.5 Hz, 2027.3 Hz, 2566.4 Hz, 3210.9 
Hz, 4054.7 Hz, 5121.1 Hz, 6445.3 Hz 8003.9 Hz ve 
10078.1 Hz frequencies before and after tracheoto-
my processes and results were recorded. Tracheotomy 
was performed under general anesthesia in the second 
group (consisting of ten rats) after auditory assays were 
made with DPOAE. Rat was monitored with oxygen 
saturation probe during the process. After the trache-
otomy procedure, the cannula is closed for at least 10 
seconds and it was observed that saturation fell below 
85 percent (hypoxia was created by mimicking an ap-
nea attack). This group was used to compare DPOAE 
responses before and after hypoxia.

DPOAE gram measurements were carried out at 
1019.5 Hz, 1605.5 Hz, 2027.3 Hz, 2566.4 Hz, 3210.9 

Hz, 4054.7 Hz, 5121.1 Hz, 6445.3 Hz 8003.9 Hz ve 
10078.1 Hz frequencies before tracheotomy process 
and during the hypoxia and results were recorded. 
Otoacoustic emission (OAE) measurements have sig-
nificant advantages in clinical use. It is a painless, sen-
sitive process, suitable for children, does not require 
anesthesia and presents objective data. It is especial-
ly useful for evaluating cochlear functions in infants 
[8–11]. DPOAE can be easily measured even in small 
experimental animals [12–14]. The distortion created 
by the same stimulus, under proper sedation and place-
ment of the probe, may make a difference of ±5 dB in 
records made at different times [15]. A normal mid-
dle ear is required for the measurement of otoacoustic 
emissions. Energy reflected from the cochlea is about 
12 dB even if there is a normal middle ear structure 
[11]. Therefore, rats were evaluated with DPOAE be-
fore starting our study. Rats with normal emission val-
ues were included in our study group. Arnold et al. [16] 
investigated the relationship between ultra-high fre-
quency (UHF) hearing and DPOAE in their study in 
which they tested the the ability of DPOAE to detect 
a reduction in cochlear function. They revealed that the 
4-to 8-kHz DPOAE levels were significantly correlat-
ed with the pure-tone average (PTA); they also found 
that the PTA for 4–8 kHz account for about 14% of 
the changes in DPOAE levels. Eventually, it was deter-
mined that UHF hearing influences DPOAEs and in 
this region, emissions are sensitive to minor changes in 
outer hair cells not yet detected by pure-tone thresh-
olds.

Kim et al. [17] compared the level of DPOAE at the 
tested frequency with the pure tone sensing threshold 
of the ear. They reported that DPOAE could be used 
as an objective test with useful frequency features in 
testing the function of the cochlea. We used DPOAE 
to investigate the effects of hypoxia on the inner ear 
and hearing in our study due to this feature. OAEs 
are the energy that is derived from the cochlea and is 
transmitted by the bone chain, eardrum and external 
auditory canal. OAEs show the normal movement of 
all middle ear ossicular chain, oval window and stapes 
together with eardrum movement [18, 19].

Significant changes occur in the measurement re-
sults in the negative and positive pressure changes in 
the middle ear. Therefore, the middle ear should be 
evaluated when OAE measurement is performed [20].
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In our study, we performed an otoscopic examina-
tion of rats before performing OAE measurements 
and included rats with normal membrane structure. 
The most important problem in the application of oto-
acoustic emission measurement in rats is the difficul-
ty of the narrow external ear canal and inserting the 
probe. Khvoles et al. [21] placed the tube in the outer 
ear canal after applying a thin tube to the tip of the 
probe and determined that no artifacts were formed.

In our study, we inserted the cannula prepared from 
the feeding tube (No: 8) approximately 1 mm in di-
ameter to the end of the new type E neonate probe to 
insert the probe into the outer ear canal. The effects 
of hypoxia on hearing after apnea attack with the ani-
mal model were evaluated with DPOAE in this study. 
Statistically significant differences were detected in the 
hypoxia group between 8003.9 Hz and 10078.1 Hz 
before and after tracheostomy (p<0.05). The data ob-
tained in our study were parallel to the literature.

The effects of obstructive sleep apnea syndrome 
(OSAS) on hearing have been evaluated in many stud-
ies performed previously in patients with OSAS. It has 
been shown that hypoxemia, which is even short-term 
and mild in children with obstructive sleep apnea syn-
drome, has an effect on hearing levels and may affect 
cochlear function [7]. Our findings were parallel with 
the results obtained in this study. Studies on patients 
with OSAS with brain evoked response audiometry 
and ABR indicated that chronic hypoxic-hypercapnic 
status might have some effects on the cochlea and brain 
stem. These studies also support our findings [22, 23].

In another study, the prevalent and high-frequen-
cy threshold in the OSAS group of the same age was 
worse than the adult group [4].

Conclusion
In our study, there was a significant difference in the 
high frequency after hypoxia. There was no significant 
difference in low frequencies. We think that high-fre-
quency loss was occurred during 10 seconds of hypoxia. 
After acute hypoxia becomes chronic, similar differenc-
es may occur in thesefrequencies. In conclusion, in our 
study, a statistically significant decrease was observed 
in 8003.9 Hz and 10078.1 Hz with hypoxia in rats. 
When the normoxic state is restored, measurements 
should be supported by further studies to determine 
whether this decrease is reversible or not.

Ethics Committee Approval: The Inonu University Faculty of 
Medicine Experimental Animal Researches Ethic Committee granted 
approval for this study (date: 27.12.2011, number: 2011/A-102).

Conflict of Interest: No conflict of interest was declared by the 
authors. 

Financial Disclosure: The authors declared that this study has re-
ceived no financial support.

Authorship Contributions: Concept – MTC; Design – MA; Supervi-
sion – MA; Fundings – MTC; Materials – MTC, CFK; Data collection and/
or processing – CFK; Analysis and/or interpretation – MTC, MA; Liter-
ature review – MTC, CFK; Writing – CFK, MTC; Critical review – CFK.

REFERENCES

1. Guilleminault C, Tilkian A, Dement WC. The sleep apnea syn-
dromes. Annu Rev Med 1976;27:465–84.

2. Somers VK, Dyken ME, Clary MP, Abboud FM. Sympathetic neural 
mechanisms in obstructive sleep apnea. J Clin Invest 1995;96:1897–
904. 

3. Mazurek B, Winter E, Fuchs J, Haupt H, Gross J. Susceptibility of 
the hair cells of the newborn rat cochlea to hypoxia and ischemia. 
Hear Res 2003;182:2–8. 

4. Cao Y, Luo Z, Tao Z, Zhu S, Li J, Shu J, Huang Z. [Article in Chi-
nese]. Analysis of the hearing of patients with obstructive sleep ap-
nea-hypopnea syndrome. Lin Chuang Er Bi Yan Hou Ke Za Zhi 
2006;20:1–3. 

5. Guilleminault C, Connolly S, Winkle R, Melvin K, Tilkian A. Cycli-
cal variation of the heart rate in sleep apnoea syndrome. Mechanisms, 
and usefulness of 24 h electrocardiography as a screening technique. 
Lancet 1984;1:126–31. 

6. Scharf SM. Influence of sleep state and breathing on cardiovascular 
function. In: Saunders NA, Sullivan CF, editors. Sleep and Breath-
ing. New York: Marcel Decker; 1994. p. 221–39.

7. Liu SL, Liu WY, Zhang YM, Jiang SM, Zhang L, Wang XH. Influ-
ence of obstructive sleep apnea-hypopnea syndrome in children on 
hearing problem. Zhonghua Er Bi Yan Hou Tou Jing Wai Ke Za Zhi 
2005;40:660–3.

8. Akyıldız N. Kulak Hastalıkları ve Mikrocerrahisi. Cilt 1. Ankara: 
Bilimsel TıpYayınevi; 2002. p. 1–87.

9. Günhan Ö, Bilgen V, Ege Y, Apaydın F. Otoacoustic Emissions: Pre-
liminary Results. Türk Otolaringoloji Arsivi 1995;33:267–72.

10. Fabiani M. Evoked otoacoustic emissions in the study of adult senso-
rineural hearing loss. Br J Audiol 1993;27:131–7. 

11. Probst R, Lonsbury-Martin BL, Martin GK. A review of otoacoustic 
emissions. J Acoust Soc Am 1991;89:2027–67. 

12. Brown AM. Acoustic distortion from rodent ears: a comparison of 
responses from rats, guinea pigs and gerbils. Hear Res 1987;31:25–
37.

13. Brown AM, Kemp DT. Suppressibility of the 2f1-f2 stimulated 
acoustic emissions in gerbil and man. Hear Res 1984;13:29–37. 

14. Horner KC, Lenoir M, Bock GR. Distortion product otoacous-
tic emissions in hearing-impaired mutant mice. J Acoust Soc Am 
1985;78:1603–11.

15. Brown AM, McDowell B, Forge A. Acoustic distortion products can 
be used to monitor the effects of chronic gentamicin treatment. Hear 
Res 1989;42:143–56.

16. Arnold DJ, Lonsbury-Martin BL, Martin GK. High-frequency hear-



Cicek et al., The effect of acute hypoxia on audition 7 

ing influences lower-frequency distortion-product otoacoustic emis-
sions. Arch Otolaryngol Head Neck Surg 1999;125:215–22. 

17. Kim DO, Paparello J, Jung MD, Smurzynski J, Sun X. Distortion 
product otoacoustic emission test of sensorineural hearing loss: 
performance regarding sensitivity, specificity and receiver operating 
characteristics. Acta Otolaryngol 1996;116:3–11.

18. Brenda L, Lonsbury-Martin, Martin GK, Luebke AE. İşitme ve 
vestibüler sistemlerin fizyolojisi. In Ballenger JJ, Snow JB, editors. 
Şenocak D, translation editor. Otolaringoloji Baş Boyun cerrahisi. 
15. baskı. İstanbul: Nobel Tıp Kitabevleri; 1996. p. 879–929.

19. Rahko T, Kumpulainen P, Ihalainen H, Ojala E, Aumala O. A new 
analysis method for the evaluation of transient evoked otoacoustic 
emissions. Acta Otolaryngol Suppl 1997;529:66–8. 

20. Owens JJ, McCoy MJ, Lonsbury-Martin BL, Martin GK. Otoacous-
tic emissions in children with normal ears, middle ear dysfunction, 
and ventilating tubes. Am J Otol. 1993;14:34–40.

21. Khvoles R, Freeman S, Sohmer H. Transient evoked otoacoustic 
emissions in laboratory animals. Audiology 1999;38:121–6. 

22. Cimino A, Speciale R, Gallina S, Cimino M, Chillura M, Lo Presti 
GM, et al. I potenziali evocati uditivi del tronco cerebrale nella sin-
drome dell’apnea ostruttiva nel sonno [Brain stem auditory evoked 
potentials in obstructive sleep apnea syndrome]. Acta Otorhinolar-
yngol Ital 1995;15:15–7.

23. Ni D. Auditory brain-stem response in obstructive sleep apnea syn-
drome. [Article in Chinese]. Zhonghua Er Bi Yan Hou Ke Za Zhi. 
1991;26:284–6, 317.


