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Introduction

Anaesthetic agents may affect middle ear pressure 
(MEP). Inhalant anaesthetic agents may enter the 
middle ear space during anaesthetic administration 
and can affect middle ear status by increasing MEP 
to a greater extent than anaesthesia without inhalant 
anaesthetics.1

The effect of dexmedetomidine on MEP was in-
vestigated. Tympanometric measurements were made 
of both ears pre-operatively, intra-operatively, and 
postoperatively. They established a statistically sig-
nificant mean difference between the dexmedeto-
midine and control groups at the 30th minute of the 
operation and at the end of the operation in the rise 
of tympanometric peak pressure from baseline. 
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Abstract. Time-dependent middle ear pressure changes under general anaesthesia in children: N2O-O2 mixture versus 
air-oxygen mixture. Objectives: The aim of this study was to investigate the effects of N2O-O2 mixture (Inspired O2 30%) 
on middle ear pressure (MEP) in children compared with the effects of an air-oxygen mixture (Inspired O2 50%). 
Method: The study included thirty child patients who underwent general anaesthesia for different reasons, with the excep-
tion of ENT problems and ear interventions. They were randomly divided into two groups. Group 1 (15 children: 10 male 
and 5 female) received a N2O-O2 mixture (Inspired O2 30%); and group 2 (15 children: 10 male and 5 female) were given 
an air-oxygen mixture (Inspired O2 50%). MEP was measured using a portable impedance analyser before the operation 
(PreO),10 minutes after intubation (10AEn), 30 minutes after intubation (30AEn), 10 minutes before extubation (10BEx), 
15 minutes after the operation (PO15), 30 minutes after the operation (PO30), 1 hour after the operation (PO1h) and 
6 hours after the operation (PO6h).
Results: The pressure and compliance values were the same in groups 1 and 2. The pressure-time graphs for the two 
groups were different: in Group 2, MEP rose quickly at 10AEn and positive pressure values were seen in the middle ear. 
MEP then fell rapidly until the end of the surgery and lower and negative pressures (Mean -50 daPa) were observed at 
PO6h. In Group 1, MEP was elevated at 10AEn and positive pressure was found (but not as high as in Group 2). MEP 
then fell more slowly. In other words, positive pressure in the middle ear persisted longer and the middle ear was sub-
jected to positive pressure and nitrogen over a longer period. Separate analyses were made in Groups 1 and 2 of pressure 
differences and of compliance values at eight measurement points using the Friedman test. Differences in pressure values 
were found to be statistically significant in both Group 1 (p = 0.000) and Group 2 (p = 0.000). In Group 1, all the 10AEn 
and 30AEn values were significantly higher than the PreO, PO30, PO1h and PO6h values. The 10BEx value was signifi-
cantly higher than the PreO and PO1h values. The PO15 value was significantly higher than the PreO value. In Group 2, 
the PO6h value was significantly lower than the 10BEx, 10AEn and 30AEn values. The PO1h value was significantly 
lower than the 30AEn values.
The MEP values increased in Group 1 in younger and taller children and in children receiving anaesthesia for shorter 
periods. MEP values increased in Group 2 in younger and taller children, and in heavier children. MEP values fell with 
the length of anaesthesia.
Conclusion: In brief anaesthesia, nitrogen was not removed from the middle ear quickly in Group 1: middle ear pressure 
values were higher. The nitrous oxide remained in the middle ear longer and so the possibility of ear toxicity may 
increase. In Group 2, 50% O2 was rapidly absorbed and removed from the middle ear and so middle ear pressure was not 
as high. It may be concluded that air-oxygen mixture (Inspired O2 50%) anaesthesia should be recommended as being 
more reliable in tympanoplasties and other middle ear interventions than a N2O-O2 mixture (Inspired O2 30%).
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after nitrous oxide anaesthesia has also been report-
ed. Blackstock and Gettes10 found low MEPs in 
normal paediatric patients.

The equalisation of pressure between the middle 
and outer ear is achieved passively by opening the 
Eustachian tubes during “deglutition”. During 
anaesthesia with muscle relaxation, pressure equal-
isation may be disturbed. Changes in middle ear 
pressure during anaesthesia have been reported to 
range from +400 mmH2O (392 daPa) during nitrous 
oxide administration to as low as -500 mm H2O 
after its cessation.7,8 Nitrous oxide is not preferred 
in middle ear surgery. In addition, in reconstructive 
operations of the tympanic membrane, the concen-
tration of an inhalant anaesthetic agent should be 
reduced or discontinued when repositioning the 
tympanic membrane or inserting a gelatine sponge 
to support the graft.

In the study by Marcusohn et al.,11 a long-
standing debate on perfusion/diffusion limitations 
in the context of middle ear (ME) gas exchange was 
revisited using data obtained from previous iso-
pressure gas-exchange measurements in different 
mammals. They tried to determine whether the 
exchange of CO2 in the ME is limited by perfusion 
or by diffusion by comparing the mass-specific 
cardiac output (msQ) and the mass-specific initial 
CO2 flow rate into air-washed MEs of rabbits and 
rats. They concluded that, if the active mucosal 
surface areas of MEs of rabbits and rats are directly 
proportional to their masses, as are the masses of 
their hearts, and if their msQs are proportional to 
the rates of blood flows in the ME mucosa, these 
results support the assumption that the exchange of 
CO2 in the ME of mammals is mainly perfusion-
dependent and not diffusion-dependent.

In the present study, we investigated the effects 
of N2O-O2 mixture (Inspired O2 30%) on middle ear 
pressure in children as compared to the effects of 
air-oxygen mixture (Inspired O2 50%). Measure-
ments were performed pre-operatively (PreO); 
10 minutes after intubation (10AEn); 30 minutes 
after intubation (30AEn); 10 minutes before 
extubation (10BEx); 15 minutes postoperatively 
(PO15); 30 minutes postoperatively (PO30); 1 hour 
postoperatively (PO1h) and 6 hours postoperative-
ly (PO6h). There is no similar study in the literature 
with detailed measurements like ours. We planned 
to investigate the MEP values during anaesthesia 
and after anaesthesia until 6 hours postopera- 
tively.

Dexmedetomidine anaesthesia raised the tympano-
metric parameters, but never in excess of normal 
limits.2 To investigate the effects of desflurane on 
MEP in children, baseline tympanometry was per-
formed just before anaesthesia and at 5, 10 and 
15 minutes after administration and 10 minutes 
after the cessation of desflurane administration. 
The values at 5, 10 and 15 minutes were signifi-
cantly higher than the starting value. After the ces-
sation of desflurane administration, the mean MEP 
value fell but it was still higher than the initial value. 
It was concluded that desflurane may result in an 
increase in MEP and that it may be unsuitable  
for certain middle ear surgeries.3 The effects of 
sevoflurane and TIVA with propofol on MEP were 
investigated. It was concluded that sevoflurane may 
result in an increase in MEP and that TIVA with 
propofol may be used in middle ear operations 
more safely than sevoflurane.4

Gas exchange between the middle ear (ME) 
cavity and blood has been investigated. Marcusohn 
et al.5 investigated the course of ME gas volume 
change with time. An initial increase in the mea-
sured ME gas volume at constant ambient pressure 
(phase “a”) gradually turned into a linear decrease 
in volume (phase “b”). In Phase “a”, the volume 
change is governed by the rapid diffusion of CO2 
from the blood that perfuses the ME mucosa into 
the air-flushed ME down the partial pressure dif
ference. In Phase “b”, the volume change is governed 
by the diffusion of N2 from the ME into the blood 
that perfuses the ME mucosa down the partial pres-
sure difference (following an equilibration of O2 
and CO2 with the mucosal blood circulation).5 The 
rate of N2 exchange is slower than that of O2 and 
much slower than that of CO2,

6 while O2 and CO2 
reach a steady-state situation in which they are 
nearly in equilibrium with the surrounding tissues 
and blood relatively quickly. The difference for N2 
is maintained as long as the total ME gas pressure is 
maintained.5

Nitrous oxide is a commonly used anaesthetic. It 
diffuses from the blood into air-containing cavities 
within the body faster than nitrogen diffuses out.7 
The use of inhalant anaesthesia using halothane, 
either alone or with nitrous oxide, during middle 
ear surgery was shown to alter the status of the middle 
ear.8 An increase in MEP during nitrous oxide 
anaesthesia has been described.9 Many children 
complained of hearing difficulty in the first 24 hours 
after anaesthesia. Decreased middle ear pressure 
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(daPa) values were obtained for both groups.13 Using 
the criteria of Drake-Lee and Casey,2 a normal 
tympanogram was defined as giving a characteristic 
sharply defined peak using an impedance analyser 
with a middle ear pressure between -100 and +25 
decaPascal (daPa).10 

Impedancemetric measurements were performed 
at the times described below:

1.	 Pre-operatively (PreO): These measurements 
were conducted without any anaesthetic agent.

2.	 10 minutes after intubation (10AEn)
3.	 30 minutes after intubation (30AEn)
4.	 10 minutes before extubation (10BEx)
5.	 15 minutes postoperatively (PO15)
6.	 30 minutes postoperatively (PO30)
7.	 1 hour postoperatively (PO1h)
8.	 6 hours postoperatively (PO6h)

Anaesthesia procedure

Operations were performed with routine monitoring 
using the Datex-Ohmeda Cardiocap 5 mark monitor 
(Datex, Helsinki, Finland) and pulse, average 
arterial pressure and oxygen saturation values were 
recorded every 5 minutes. The hand which was 
planned to use for intravenous entrance, EMLA 
cream (Astra, Sötertalje, Sweden) was applied be-
fore 45 minutes. After intravenous entry (with 22 or 
24 G needle-intraket), general anaesthesia induc-
tion was achieved with propofol 2-2.5 mg/kg, ro-
curonium bromide 0.6 mg/kg and fentanyl 1 µg/kg. 
After endotracheal intubation, sevoflurane (2-3 %) 
was used for the maintenance of the general anaes-
thesia. Patients in Group 1 received a N2O-O2 mix-
ture (Inspired O2 30%) and patients in Group 2 were 
given an air-oxygen mixture (Inspired O2 50%). 
The anaesthesia device used for general anaesthesia 
was the Dräger Julian trademark anaesthesia device 
(Dräger, Lübeck, Germany) in both groups.

Methods

Both ears of patients in Group 1 (15 children, 
30 ears) and 2 (15 children, 30 ears) underwent 
impedancemetric tests in the supine position. 
Measurements were performed at PreO, 10AEn, 
30AEn, 10BEx, PO15, PO30, PO1h and PO6h.

Statistical analysis

SPSS (Version 10.0) was used for statistical evalu-
ation. The difference between ages, height, weight, 

Materials and methods

The study was conducted in the Ear Nose Throat 
(ENT) and Anaesthesiology Departments of the 
Kirikkale University School of Medicine. The 
study was planned and implemented in accordance 
with the principles of the Declaration of Helsinki.12 

Subjects 

Thirty child patients (American Society of Anes-
thesiologists I-ASA I) who were operated under 
general anaesthesia in Kırıkkale University Faculty 
of Medicine were included in the study. The proce-
dures were conducted for a range of reasons, with 
the exception of ENT problems and ear interven-
tions, and included acute appendicitis, inguinal her-
nia, hipo/epispadias, osteotomy, plaque and screw 
removal, etc. The children were randomly allocated 
to two groups. Group 1 (15 children: 10 male,  
5 female) received a N2O-O2 mixture (Inspired O2 
30%); and group 2 (15 children: 10 male, 5 female) 
were given an air-oxygen mixture (Inspired O2 50%). 
The procedure times for Group 1 and Group 2 were 
54.66 ± 35.30 minutes and 55.33 ± 18.70 minutes 
respectively. The anaesthesia times for Group 1 and 
Group 2 were 63.00 ± 37.81 minutes and 61.66 ± 
20.48 minutes respectively.

The mean age of the children in Group 1 was 
7.14 ± 4.58 years (range: 1 to 13). The mean height 
and weight were 108.20±19.91 cm (range: 77 to 
140 cm) and 24.00 ± 10.75 kilograms (range: 10.00 
to 43.00 kilograms). In Group 2, the mean age was 
7.50 ± 4.73 years (range: 2 to 16). Mean height and 
weight were 117.46 ± 27.43 cm (range: 80 to 
165 cm) and 28.13 ± 17.67 kilograms (range: 10.00 
to 60.00 kilograms).

Patients with ENT problems such as ear drum 
perforation, ear drainage, acute and chronic ear in-
fections and acute sinusitis and patients undergoing 
a surgical procedure involving the ears and/or air-
way were not included in the study.

Instrumentation

Impedancemetric measurements: Impedance-
metric tests were performed using an Interacoustics 
(A/S Assens DK-5610 model MT10) portable im-
pedance analyser. The tests were conducted in a 
supine position on the right and left ears of the chil-
dren in both groups. Via impedancemetric mea-
surements, compliance (C) (cm3) and pressure (P) 
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The differences in terms of ages, height, weight, 
operation duration and anaesthesia duration in 
Groups 1 and 2 were analysed with the Mann-Whit-
ney U Test. No significant difference was found 
(p > 0.05) (see Table 1).

The differences at each of the eight measurement 
points (1.PreO, 2.10AEn, 3.30AEn, 4.10BEx, 5.
PO15, 6.PO30, 7.PO1h and 8.PO6h) between the 
pressure and compliance values in Groups 1 and 2 
were analysed with the Mann-Whitney U Test. No 
significant difference was found between the two 
groups (p > 0.05) (see Table 2).

The differences between pressure and compli-
ance values at the eight measurement points 
(1.PreO, 2.10AEn, 3.30AEn, 4.10BEx, 5.PO15, 6.
PO30, 7.PO1h and 8.PO6h) were analysed in 
Groups 1 and 2 separately using the Friedman Test. 
For pressure values, the difference was found to be 
statistically significant in both Group 1 (p = 0.000) 
and Group 2 (p = 0.000). No significant differences 
for compliance values were found in either group (p 
>0.05). 

To find the value/values which caused the dif
ference for pressure values, pairwise comparisons 
were conducted in group 1 and group 2 separately.

In Group 1:

–	 The 10AEn value (63.60 daPa) was significantly 
higher than the PreO (-29.5 daPa) (p = 0.004), 
PO30 (0.78 daPa) (p = 0.034), PO1h (-63.30 daPa) 
(p = 0.007) and PO6h values (-3.80 daPa) 
(p = 0.006).

operation duration and anaesthesia duration of 
Group 1 and 2 were analysed using the Mann-
Whitney U Test.

The differences at each of the eight measurement 
points (1.PreO, 2.10AEn, 3.30AEn, 4.10BEx,  
5.PO15, 6.PO30, 7.PO1h and 8.PO6h) between 
pressure and compliance values in Groups 1 and 2 
were analysed with the Mann-Whitney U Test.

Separate analyses of the differences between the 
eight measurement points (1.PreO, 2.10AEn, 
3.30AEn, 4.10BEx, 5.PO15, 6.PO30, 7.PO1h and 
8.PO6h) were made in Groups 1 and 2 separately 
using the Friedman Test. If statistically significant 
differences were present, pairwise comparisons 
were made using the Wilcoxon Signed Rank Test to 
find the value causing the difference.

The effects of age, height, weight and anaesthe-
sia duration on MEP values at 10AEn, 30AEn, 
10Bex, PO15, PO30, PO1h and PO6h were analysed 
using linear regression analysis in Groups 1 and 2 
separately.

P < 0.05 was considered to indicate statistical sig-
nificance.

Results

Patient characteristics (age, height, weight, opera-
tion duration and anaesthesia duration) in Groups 1 
and 2 are shown in Table 1. The results of the 
impedancemetric tests (pressure and compliance 
values) can be found in Table 2 and Figure 1. 

Table 1
Patient characteristics

Groups p*
Group 1 Group 2

Mean Standard
Deviation

Min Max Mean Standard
Deviation

Min Max

Age (years) 7.14 4.58 1.00 13.00 7.50 4.73 2.00 16.00 0.678
Height (cm) 108.20 19.91 77.00 140.00 117.46 27.43 80.00 165.00 0.164
Weight 
(kilogram)

24.00 10.75 10.00 43.00 28.13 17.67 10.00 60.00 0.614

Operation 
Duration
(minutes)

54.66 35.30 25.00 160.00 55.33 18.70 35.00 105.00 0.108

Anaesthesia 
Duration 
(minute)

63.00 37.81 30.00 170.00 61.66 20.48 40.00 115.00 0.270

p* shows the results of the Mann-Whitney U Test.
Min: Minimum, Max: Maximum.
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In Group 2:

–	 The PO6h value (-54.75 daPa) was significantly 
lower than the 10BEx (6.55 daPa) (p = 0.004), 
10AEn (38.30 daPa) (p = 0.021) and 30AEn 
values (17.10 daPa) (p = 0.036).

–	 The PO1h value (-51.18 daPa) was significantly 
lower than the 30AEn value (17.10 daPa) 
(p = 0.004).

–	 The effects of age, height, weight and anaesthe-
sia duration on pressure values at 10AEn, 
30AEn,10Bex, PO15, PO30, PO1h and PO6h 
were subjected to linear regression analysis. The 
results for Group 1 can be found in Table 4 and 
those for Group 2 in Table 5.

In Group 1:

–	 In younger children, the pressure values at 30AEn 
(p = 0.017, Beta = -1.993) increased significant-
ly and non-significantly at 10AEn, PO15, PO30 
and PO6h.

–	 In taller children, the pressure values at 30AEn 
(p = 0.004, Beta = -1.793) increased significant-
ly and non-significantly at 10AEn, 10Bex, PO15, 
PO30, PO1h and PO6h.

–	 The pressure values at PO1h (p = 0.001, Beta: 
-0.655) increased significantly and non-signifi-
cantly at 10AEn, 10Bex, PO15and PO30 as 
anaesthesia duration got shorter. 

In Group 2:

–	 In younger children, the pressure values at 10AEn 
(p = 0.029, Beta: -2.493) 30AEn (p = 0.006, 

–	 The 30AEn (64.10 daPa) value was significantly 
higher than the PreO (-29.5 daPa) (p = 0.004), 
PO30 (0.78 daPa) (p = 0.011), PO1h (-63.30 daPa) 
(p = 0.017) and PO6h values (-3.80 daPa) 
(p = 0.026).

–	 The 10BEx value (30.13 daPa) was significantly 
higher than the PreO (-29.5 daPa) (p = 0.037) 
and PO1h values (-63.30 daPa) (p = 0.030).

–	 The PO15 value (14.90 daPa) was significantly 
higher than the PreO value (-29.5 daPa) (p = 0.039).

Table 2
Pressure and compliance values for the Groups and the results of the Mann-Whitney U and Friedman Tests

Measurement
times

Groups p*
Group 1 Group 2

p c p C pp pc

Pre-operative (PreO) -29.5 ± 105.25 0.57 ± 0.76 -2.80 ± 119.14 0.53 ± 0.41 0.171 0.723
10 minutes after intubation (10AEn) 63.60 ± 134.72 0.36 ± 0.39 138.30 ± 0.52 0.53 ± 0.60 0.072 0.128
30 minutes after intubation (30AEn) 64.10 ± 113.65 0.28 ± 0.33 17.10 ± 147.72 0.46 ± 0.52 0.212 0.118
10 minutes before extubation (10BEx) 30.13 ± 137.81 0.47 ± 0.84 6.55 ± 152.70 0.37 ± 0.34 0.507 0.876
15 minutes postoperatively (PO15) 14.90 ± 128.65 0.64 ± 1.11 -29.10 ± 152.38 0.46 ± 0.29 0.331 0.262
30 minutes postoperatively (PO30) 0.78 ± 122.35 0.43 ± 0.44 -27.03 ± 140.62 0.40 ± 0.27 0.408 0.670
1 hour postoperatively (PO1h) -63.30 ± 115.72 0.60 ± 0.53 -51.18 ± 111.18 0.52 ± 0.27 1.000 0.787
6 hours postoperatively (PO6h) -3.80 ± 120.02 0.50 ± 0.45 -54.75 ± 123.67 0.43 ± 0.27 0.118 0.879
p** 0.000 0.673 0.000 0.143

p* shows the results of the Mann-Whitney U Test.
p** shows the results of the Friedman Test.

Figure 1
Pressure values in the groups at different measurement points
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Beta = 1.979) increased significantly and non-
significantly at PO6h.

–	 As anaesthesia duration got shorter, the pressure 
values at 10AEn (p = 0.020, Beta: 0.412), PO30 
(p = 0.021, Beta: 0.420) and PO1h (p = 0.016, 
Beta = 0.802) increased significantly and non-
significantly at 30AEn and PO6h. 

Discussion

In induction anaesthesia, nitrous oxide, by virtue of 
greater blood solubility, enters the middle ear more 
rapidly than nitrogen can be removed, causing an 
increase in pressure. As anaesthesia continues, gas 
containing nitrogen is lost from the middle ear, 
largely by passive venting through the Eustachian 
tube. By the end of the anaesthesia, nitrous oxide 
will have replaced some of the nitrogen in the mid-
dle ear and the longer the patient is exposed to ni-
trous oxide, the greater the loss of nitrogen from the 
ear. With the discontinuation of anaesthesia, nitrous 
oxide is removed from the middle ear more rapidly 
than it is replaced by air, producing a negative pres-
sure. As the flexible walls of the Eusthachian tube 
tend to collapse inwards, they do not equilibrate 
sub-atmospheric pressures as readily as above-
atmospheric pressures.10,14

The effects of alterations in systemic arterial 
blood oxygenation on middle ear gas exchange in 
23 guinea pigs ventilated using 21% (room air), 
50%, 70% and 100% oxygen at constant carbon 
dioxide blood gas tension have been measured. Par-
tial oxygen tension (PO2) in the middle ear cavity 
was measured: (1) PO2 in the middle ear cavity was 
39.3 +/- 2.2 Torr (523.9 +/- 29.3 daPa) at room air, 
42.2 +/- 0.84 Torr (562.6 +/- 11.19 daPa) at 50%, 
46.6 +/- 1.1 Torr (621.2 +/- 14.6 daPa) at 70% and 
54.5 +/- 3.7 Torr (726.6 +/- 49.3 daPa) at 100% 
oxygen breathing.15 (2) There was a significant cor-
relation between PO2 in the middle ear cavity and 
systemic arterial hyperoxygenation. (3) There was 
no difference in the rate of diffusion and of absorp-
tion of oxygen in the middle ear cavity.16 

Koyama16 reported on the present theory of 
Eustachian tube function and middle ear ventilation, 
and posited that oxygen absorbed by the middle ear 
mucosa causes negative middle ear pressure, which 
is relieved by the periodical opening of the Eusta-
chian tube during swallowing and yawning. A PO2 
sensor (Clark type) inserted into the middle ear 
cavity of normal adults through the Eustachian tube 

Beta: -3.127), 10Bex (p = 0.005, -3.279) and 
PO1h (p = 0.044, Beta: -5.720) increased signifi-
cantly and non-significantly at PO15, PO30and 
PO6h.

–	 In taller children, the pressure values at 30AEn 
(p = 0.032, Beta = -2.063) and 10Bex (p = 0.048, 
Beta: = 1.897) increased significantly and non-
significantly at 10AEn, PO15, PO1h and PO6h.

–	 In heavier children, the pressure values at 10AEn 
(p = 0.008, Beta = 1.439), 30AEn (p = 0.005, 
Beta: 1.463), 10Bex (p = 0.016, Beta: 1.377), 
PO15 (p = 0.006, Beta = 1.619), PO30 
(p = 0.031, Beta = 1.145) and PO1h (p = 0.003, 

Table 3
Wilcoxon Signed Rank Test Results for pressure values in 

Group 1 and Group 2
Groups

Group 1 Group 2
p p

PreO-10AEn 0.004 0.376
PreO-30AEn 0.004 0.254
PreO-10BEx 0.037 0.349
PreO- PO15 0.039 0.641
PreO- PO30 0.130 0.608
PreO- PO1h 0.513 0.148
PreO- PO6h 0.088 0.264
10AEn-30AEn 0.943 0.497
10AEn-10BEx 0.399 0.737
10AEn- PO15 0.084 0.361
10AEn- PO30 0.034 0.374
10AEn- PO1h 0.007 0.052
10AEn- PO6h 0.006 0.021
30AEn-10BEx 0.315 0.710
30AEn- PO15 0.033 0.133
30AEn-PO30 0.011 0.036
30AEn- PO1h 0.017 0.004
30AEn- PO6h 0.026 0.036
10BEx- PO15 0.770 0.053
10BEx- PO30 0.202 0.307
10BEx- PO1h 0.030 0.158
10BEx- PO6h 0.249 0.004
PO15- PO30 0.290 0.412
PO15- PO1h 0.108 0.084
PO15- PO6h 0.341 0.124
PO30- PO1h 0.394 0.056
PO30- PO6h 0.564 0.238
PO1h- PO6h 0.563 0.245
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Blackstock and Gettes10 measured pressure in the 
middle ear in healthy children following nitrous 
oxide anaesthesia. Pre-medication with chloral 
hydrate and scopolamine orally was similar in all 
patients and awake patients received thiopentone 
4-5 mg X kg-1 to induce anaesthesia. All received 
nitrous oxide (66 per cent) in oxygen, and halothane 
or isoflurane as required. Exposure to nitrous oxide 
varied from 17 to 100 minutes (mean: 47 minutes). 
All patients developed negative pressure in one or 
both ears in the first day following anaesthesia. The 
authors concluded that this was a higher incidence 
than previously reported and may be explained by 
the inability of children to reverse negative middle 
ear pressure via the Eustachian tube.

Physiological differences between subjects could 
play a role in the passive opening of the Eustachian 
tube during positive pressure.18 This theory sup-
ports the finding of Elam et al.,19 who demonstrated 
a correlation between positive pressure regulation 
in the middle ear and the size of the mastoid bone. 

In the present study, we investigated the effects 
of a N2O-O2 mixture (Inspired O2 30%) and an air-
oxygen mixture (Inspired O2 50%) on middle ear 
pressures in children undergoing general anaesthe-
sia. The differences between pressure and compli-
ance values in Groups 1 and 2 were not significant 

produced a value for the partial oxygen pressure of 
the tympanic cavity of 53.7 +/- 6.5 Torr (715.9 +/- 
86.6 daPa) (N:22).15 It was about one-third of ambi-
ent pressure [about 150 Torr (1999.8 daPa)]15 and 
there was no change when the Eustachian tube was 
opened by swallowing.

Takahashi et al.17 introduced a method for 
assessing gas exchange through the middle ear 
(ME) mucosa using nitrous oxide. The increase in 
the ME pressure was determined with a tympano-
gram or a micropressure sensor inserted into the 
mastoid cavity during ear surgery under general 
anaesthesia using 67% nitrous oxide, 33% oxygen, 
and sevoflurane on 30 normal ears, 12 ears with oti-
tis media with effusion (OME), and 3 postoperative 
ears with chronic adhesive otitis media or choles-
teatoma. There was a range of increases in pressure 
in all 30 normal ears except one and an inverse cor-
relation was observed between pressure increase 
and the area of mastoid in X-rays. Pressure increases 
were observed in 6 (50%) ears with OME, and this 
finding correlated closely with the presence or 
absence of air space in the ME on computed tomo
graphy images examined pre-operatively. In ears 
undergoing ear surgery, the presence or absence of 
pressure increase correlated with the degree of pre-
vious mastoid surgical intervention. 

Table 4
Linear regression analysis results for Group 1 children

10AEn 30AEn 10BEx PO15 PO30 PO1h PO6h
Beta p Beta p Beta p Beta p Beta p Beta P Beta p

Age -0.356 0.696 -1.993 0.017 0.603 0.468 -0.515 0.559 -1.003 0.253 0.327 0.740 -0.812 0.336
Height 0.097 0.882 1.793 0.004 0.188 0.751 0.063 0.920 0.616 0.332 0.313 0.481 0.273 0.649
Weight 0.488 0.479 0.307 0.605 -0.380 0.544 0.634 0.345 0.631 0.347 -0.370 0.642 0.835 0.194
Anaesthesia 
duration

-0.047 0.842 0.127 0.534 -0.071 0.741 -0.250 0.279 -0.034 0.893 -0.655 0.001 0.338 0.128

Table 5
Linear regression analysis results for Group 2 children

10AEn 30AEn 10BEx PO15 PO30 PO1h PO6h
Beta p Beta p Beta p Beta p Beta p Beta P Beta p

Age -2.493 0.029 -3.127 0.006 -3.279 0.005 -2.137 0.073 -0.590 0.581 -5.720 0.044 -1.254 0.275
Height 1.336 0.169 2.063 0.032 1.897 0.048 0.828 0.403 -0.147 0.873 3.801 0.119 1.088 0.269
Weight 1.439 0.008 1.463 0.005 1.377 0.016 1.619 0.006 1.145 0.031 1.979 0.003 0.749 0.169
Anaesthesia 
duration

0.412 0.020 0.257 0.121 -0.197 0.261 -0.028 0.873 0.420 0.021 0.802 0.016 0.396 0.084
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nitrous oxide on the total RNA yield from the co-
chlea of the rats has been investigated. It has been 
suggested that the interference of N(2)O with the 
cochlear RNA yield could be one cause of ear in-
jury.21 Pau et al.22 reported that acute sensorineural 
hearing loss can occur after both otolaryngological 
and non-otolaryngological procedures. The mecha-
nism of hearing loss of this kind remains unproved 
but nitrous oxide has been implicated and, when it 
is used, attendants should be aware of its potential 
damage to hearing.22 Hearing impairment is not 
often considered as a potential complication of 
general anaesthesia, despite several reports of post-
operative sensorineural hearing loss. Patients have 
experienced bilateral reversible hearing impairment 
after general anaesthesia with nitrous oxide. It is 
likely that a change in middle ear pressure as a 
result of Eustachian tube dysfunction may have 
caused transient conductive hearing loss in addition 
to sensorineural hearing disorder. Patients com-
plained of ear fullness or autophony after inhala-
tion  of nitrous oxide, although these symptoms  
diminished within 24 hours. It is important to be 
aware of the possibility of hearing impairment 
when nitrous oxide is used, especially if the patient 
has a history of middle ear disease.23

As seen in the literature, longer exposure to 
nitrous oxide during anaesthesia may cause hearing 
impairment expressed as sensorineural and /or tran-
sient conductive hearing loss in addition to sensori-
neural hearing disorder. Fabijan et al.20 posit the 
opposite view, finding that 10% or 20% N2O inha-
lation does not lead to an increase in hearing acuity 
as measured in terms of auditory threshold, in 
accordance with the commonly held view. In our 
opinion, since the nitrous oxide stayed in the middle 
ear for a longer time, there is an increased possibil-
ity of ear toxicity.

In Group 2, in younger, taller and heavier chil-
dren, middle ear pressure values increased. As the 
duration of anaesthesia shortened, MEP values de-
creased. In this group, although anaesthesia was 
shorter, 50% O2 was rapidly absorbed and removed 
from the middle ear. Middle ear pressure was there-
fore not found to be higher.

In electron microscopy studies, it has been found 
that the submucosal capillaries of the human 
mastoid cells are structures that facilitate the intra-
vascular and extravascular transport of substances. 
Tympanic cavity pressure is kept equal to ambient 
pressure, or slightly higher than atmospheric 

for any of the eight measurements. Even though 
there was no significant difference between the 
middle ear pressure values for Groups 1 and 2, the 
pressure-time graphs for the two groups were dif-
ferent (Figure 1). In Group 2, MEP rose quickly at 
10AEn and positive pressure values were seen in 
the middle ear. Middle ear pressure then dropped 
rapidly until the end of the surgery and, postopera-
tively, lower and negative pressures (mean: -50 daPa) 
were observed at PO6h. In Group 1, at 10AEn, 
middle ear pressure was elevated and positive pres-
sure was found (but not as high as Group 2). Middle 
ear pressure then falls more slowly. This means that 
positive pressure in the middle ear persisted for 
longer and that the middle ear was subject to posi-
tive pressure and nitrogen for a longer period.

Separate analyses were made in Groups 1 and 2 
of pressure differences and of compliance values at 
eight measurement points (1.PreO, 2.10AEn, 
3.30AEn, 4.10BEx, 5.PO15, 6.PO30, 7.PO1h and 
8.PO6h) using the Friedman test. For pressure 
values, the difference was found to be statistically 
significant in both Group 1 (p = 0.000) and Group 2 
(p = 0.000). No significant difference was found in 
either group for compliance values. 

To find the value/values which caused the dif­
ference in the pressure values, pairwise comparisons 
were conducted in Group 1 and Group 2 separately. 
In Group 1, all of the 10AEn and 30AEn values 
were significantly higher than PreO, PO30, PO1h 
and PO6h values. The 10BEx value was signifi-
cantly higher than PreO and PO1h values. The 
PO15 value was significantly higher than the PreO 
value. In Group 2, the PO6h value was significantly 
lower than the 10BEx, 10AEn and 30AEn values. 
The PO1h value was significantly lower than the 
30AEn values.

The effects of age, height, weight and anaesthesia 
duration on MEP values at 10AEn, 30AEn, 10Bex, 
PO15, PO30, PO1h and PO6h were subjected to 
linear regression analysis. In Group 1, in younger 
children, taller children and children who were sub-
ject to anaesthesia for shorter periods of time, the 
MEP values increased. As the duration of anaesthe-
sia shortened, nitrogen absorbtion exceeded the 
operation time and nitrogen was not removed from 
the middle ear quickly; at the end of the procedure, 
middle ear pressure values were found to be higher.

There is a belief that the administration of nitrous 
oxide (N2O) enhances hearing acuity,20 except the 
pressure changes in the middle ear. The effect of 
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pressure, by the respiratory function of the middle 
ear and mastoid cells so that the outflow of air from 
the tympanic cavity to the pharyngeal orifice occurs 
during the ventilation of the Eustachian tube at 
ambient pressure and the inflow of air from the 
pharynx to the tympanic cavity is prevented in the 
absence of environmental pressure changes. The 
middle ear cavity has a respiratory function and, in 
particular, this function of the mastoid cavity, 
which is larger in volume than the tympanic cavity, 
plays a significant role.16

Anaesthetic technique is especially important in 
middle ear surgical procedures because haemody-
namic stability, good surgical field visibility, and 
minimal postoperative nausea and vomiting are re-
quired. In addition, stable intratympanic pressure is 
advisable during anaesthesia and after its discon-
tinuation. The anaesthesiologist must therefore use 
a technique that provides a sufficiently deep level 
of anaesthesia with minimal intra-operative move-
ment, rapid emergence, good haemodynamic con-
trol and tympanometric stability.2

In middle ear microsurgery,24 outer atmospheric 
pressure and middle ear cavity pressure need to be 
equal during tympanic graft insertion.2 A change in 
middle ear pressure during surgery may cause the 
rupture of the tympanic membrane, the displacement 
of a tympanic membrane graft, haemotympanum, 
temporary or permanent hearing loss and failure in 
ossicular chain repair.25 

In Group 2 in the present study, even at shorter 
anaesthesia duration, MEP was not high except at 
10AEn and we also found it to be low during anaes-
thesia. Middle ear pressure was found to be high 
only for a short time at 10AEn and it fell after that. 
It should be kept in mind that the graft application 
is not performed usually at 10AEn in tympanoplas-
ty operations, and it may be concluded that this 
method of anaesthesia should be recommended as 
being more reliable in tympanoplasties and other 
middle ear interventions than the use of a N2O-O2 
mixture (Inspired O2 30%).
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