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Öz
Amaç: İnhalasyon indüksiyonu sırasında azot protoksit gazının (N2O) sevofluranın 
vücuda alınması sürecinin hızı ve kalitesi üzerindeki etkilerini araştırmaktır. 
Gereç ve Yöntemler: Jinekolojik müdahale yapılması planlanan Amerikan 
Anestezistler Derneği kriterlerine göre I-II grubunda 84 kadın hasta randomize 
edilerek iki gruba ayrıldı. Tek soluk indüksiyonu yöntemi ile anestetize edilen 
hastalarda birinci gruba [Grup sevoflurane and azot protoksit (SA)] indüksiyonda 
%8 sevofluran, %67 azot protoksit ve %33 oksijen, ikinci gruba [Grup sevofluran (S) 
ve azot protoksit] %8 sevofluran ve %100 oksijen uygulandı. İndüksiyon sırasında 
oksijen, karbondioksit ve sevofluranın end-tidal ve inspiratuvar yoğunlukları, 
kirpik refleksinin kaybolmasına kadar geçen süre, gözlerin orta hatta gelmesi 
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Abstract
Objective: To determine the effects of nitrous oxide (N2O) on the speed and quality 
of the uptake process of sevoflurane during inhalation induction in adult patients.  
Materials­ and­ Methods: For randomized controlled study, eighty-four American 
Society of Anesthesiologists I-II patients undergoing gynecological interventions were 
randomly assigned to receive an 8% sevoflurane mixture with either 67% N2O plus 
33% oxygen [Group sevoflurane and nitrous oxide (SA)] or 100% oxygen only [Group 
sevoflurane (S)]. Both groups were induced by a single-breath induction. End-tidal 
and inspiratory concentrations of respiratory and anesthetic gasses were continuously 
assessed during induction as well as time to loss of eyelash reflex, time to cessation of 
eye movements, and time to initiation of spontaneous breaths. Patients were intubated 
by the 5th minute of induction and their vital signs, bispectral indexes, reflex responses 
to intubation and additional drug requirements for intubation were also recorded.  
Results: End-tidal sevoflurane concentrations and the ratio of alveolar to inspiratory 
sevoflurane concentrations (FA/Fi) of patients in group SA recorded at the 2nd, the 
third and the 5th minute of induction showed statistically significant increases 
when compared with patients in group S. Time to loss of eyelash reflex and time to 
cessation of eye movements were found to be decreased in group SA by 25 and 13%, 
respectively. Patients who presented with a reflex response to intubation in group 
S exceeded patients in group SA by 38.8% and patients who required additional 
medication for intubation in group S exceeded patients in group SA by 28.6%. 
Conclusion: The findings of this study support the view that administration of N2O 
improves the rate and quality of mask induction with sevoflurane. The benefits 
provided by N2O attributable to the concentrating and second gas effects appear 
during the first few minutes of induction (2nd, 3rd, and 4th minutes) as well as during 
intubation when sevoflurane is used for mask induction.
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Introduction 

Nitrous oxide (N2O) is frequently used during 
mask induction. It was reported that the addition 
of N2O during induction was beneficial due to the 
concentration and second gas effects (1-3). The 
second gas effect of N2O was identified for the first 
time in the study conducted by Epstein et al. (1). 
Besides, the second gas effect has also been shown 
in the studies performed with mask induction in 
children. The addition of N2O to induction in children 
has been demonstrated to be beneficial in numerous 
studies (2-4). However, in adults, this situation has 
not been clearly demonstrated, and there are also 
publications reporting that it was not useful (5-7). 
We designed this study to investigate the speed and 
quality of the uptake process of sevoflurane when 
administered together with N2O during inhalation 
induction in adults. 

Materials and Methods

Eighty-four American Society of Anesthesiologists 
(ASA) I-II female patients who were planned to 
undergo gynecological interventions were included in 
the study following approval of the Adnan Menderes 
University Medical Faculty Ethics Committee (decision 
1, protocol number: 00008, chairman: Prof. Dr. U. 
Katkıcı, date of approval on 10 January 2002) and 
obtaining the informed consents of the patients. The 
patients were informed about the workup during the 
preoperative evaluation and the anesthesia induction 
with the single-breath technique. Patients who were 
planned to undergo emergency operation, who were 
under 20 or over 60 years of age, who had cardiac 
problems and arterial hypertension [systolic arterial 
blood pressure (SAP) above 160 mmHg, diastolic 

arterial blood pressure (DAP) above 100 mmHg], 
hypotensive patients (SAP below 90 mmHg), who had 
bleeding diathesis, who were mentally retarded and 
uncooperative, who had stated that she could not 
hold her breath, who were claustrophobic, and who 
were considered to encounter ventilation difficulties 
during mask ventilation were excluded from the study. 

Midazolam intramuscular injection was 
administered at a dose of 0.07 mg/kg 30 minutes 
before the operation in all patients for premedication. 
Patients were taken to the operating room following 
insertion of the intravenous line at the dorsum 
of the left hand with a 20G cannula. Monitoring 
of electrocardiography (DII lead), heart rate (HR), 
noninvasive arterial pressure, tissue oxygen saturation 
(SpO2), and anesthetic gasses were performed by using 
Datex Engstrom AS/3 (Helsinki, Finland) anesthesia 
device and monitor. Anesthetic gas monitoring was 
performed by the infrared spectrometry method 
(sidestream method) on both the inspiration and 
expiration. 

Datex Engstrom AS/3 (Helsinki, Finland) anesthesia 
device, anesthesia circuit, 2L anesthesia balloon, and 
face mask suitable for the patient’s face were used 
during the study. A respiratory gas measurement line 
(capnometer line) was placed over the mask for gas 
measurements during the ventilation of the patient. 
Patients were divided into two groups according to 
the induction method that would be used by tossing a 
coin for each patient; the group in which sevoflurane 
and N2O would be used in combination (group SA, 
n=44) and the group that only sevoflurane would be 
utilized (group S, n=40). The system was filled with 
8% sevoflurane, 67% N2O (4 L/min), 33% oxygen 
(2 L/min) in group SA and with 8% sevoflurane and 
100% oxygen (6 L/min) in group S. The system was 
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için geçen süre ve spontan solunumun başlaması için geçen süre kaydedildi. Hastalar indüksiyonun 5. dakikasında entübe edildi ve 
entübasyondaki vital bulguları, bispektral indeks değerleri, entübasyona verdikleri refleks yanıt ve ek ilaç gereksinimleri de kaydedildi.  
Bulgular: İndüksiyonun 2., 3., ve 4. dakikasında grup SA’daki end-tidal sevofluran konsantrasyonları ve alveoler sevofluran 
yoğunluğunun inspiratuvar sevofluran yoğunluğuna oranları, grup S’ye göre daha yüksekti ve aradaki fark istatistiksel 
olarak anlamlıydı. Grup SA’da kirpik refleksinin kaybolması için geçen süre %25, ve gözlerin orta hatta gelmesi için 
geçen süre %13 oranında kısalmış olarak bulundu. Entübasyona refleks cevabı olan hasta yüzdeleri grup SA’da %25, 
grup S’de %63,8, entübasyona ek ilaç gereksinimi olan hasta yüzdesi grup SA’da %13, grup S’de %41,6 olarak saptandı. 
Sonuç: Bu bulgular, sevoflurana azot protoksit eklenmesinin maskeyle anestezi indüksiyonunun hızını ve kalitesini artırdığı görüşünü 
destekler niteliktedir. Azot protoksitin konsantrasyon ve ikinci gaz etkisine atfedilen bu yararlar anestezi indüksiyonunun 2., 3. ve 4. 
dakikasında ve entübasyonda belirgin hale gelmektedir. 
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considered ready when Fi sevoflurane was read as 
8% on the anesthesia monitor. While the system was 
being filled, the patient was requested to perform 
vital-capacity breathing twice in the room air (a 
deep breathing exercise). HR, SAP, DAP, mean arterial 
pressure (MAP) SpO2, and bispectral index (BIS) values 
were recorded before initiation of anesthesia. The 
anesthesia mask was placed on the patient’s face so 
as not to leak, and the chronometer was started. The 
patient was requested to take and hold a deep breath. 
After placement of the face mask, the eyelash reflex 
disappearing time (ERDT) and the time for the eyes 
to be fixed at the midline were checked at 10-second 
intervals and recorded. The apnea periods were 
recorded. When the spontaneous breathing of the 
patients started, their respirations were supported 
as the end-tidal carbon dioxide (ETCO2) value would 
be 35-40 mmHg. The patients whose breathing had 
not returned within 90 seconds were ventilated by 
mask and anesthesia balloon as their ETCO2 would be 
35-40 mmHg. HR, SAP, DAP, MAP, SpO2, the oxygen 
concentration in the inspiratory air, the nitrous oxide 
concentration in the inspiratory air (FiN2O), the 
sevoflurane concentration in the inspiratory air (Fisev), 
end-tidal oxygen concentration (ETO2), end-tidal 
nitrous oxide, end-tidal sevoflurane (ETsev), ETCO2 
and BIS values were recorded at 1-minute intervals. 
Both patient groups were ventilated for five minutes 
with gas concentrations specific to their group. At 
the fifth minute, the patients were intubated with 
7.5 mm ID endotracheal tube. The reflex responses 
to intubation and the requirement for additional 
medication during intubation were recorded. An 
increase of more than 10% in HR and MAP over the 
latest measurement, together with movements and 
straining during intubation were considered as the 
reflex response to intubation. When this reaction 
was present, one microgram/kg i.v. Fentanyl was 
administered to the patient. If the response was not 
suppressed despite such a fentanyl dose, lidocaine 1.5 
mg/kg i.v. was administered together with fentanyl 
one microgram/kg. Intravenous muscle relaxant 
(vecuronium 0.1 mg/kg) was administered to the 
patients encountering bronchospasm during or after 
intubation. Other drugs required and administered 
following the first intubation were recorded as the 
additional medications for intubation.

Statistical Analysis
Statistical analysis was performed by the “SPSS 

9.0 for Windows (SPSS Inc., Chicago, Illinois) software 
package. The “a priori” calculations with G*Power 3, 
based on the data of the pilot study that we conducted 
at the beginning of the study, revealed that the number 
of the patients should be 64 in order to accurately 
identify the 10% difference in ETsev concentration 
(power of the study 90%) at two minutes between the 
two groups. The number of subjects was calculated to 
be at least 40 to be able to accurately identify the 30% 
difference in ERDT (the power of the study 90%). 

Results

Eighty-four ASA I-II female patients who were 
scheduled to undergo gynecological intervention 
were included in the study. However, ventricular 
extrasystole with a 2:1 response developed in one 
patient and bronchospasm in another. Mask induction 
could not be performed due to the fall of the SpO2 
level below 90% in one patient, and due to the 
development of the cough reflex in another. These 
four patients, who were in the group that sevoflurane 
was administered only, were excluded from the study 
and necessary interventions were made. 

No statistically significant differences were 
determined between the patient groups with regard 
to age and body mass index (p>0.05) (Table 1). 

Significant differences were found between the 
groups with regard to ERDT and the time for the eyes 
to be fixed at the midline (p<0.01). While the ERD 
in 59.9±25.8 seconds in group SA, it disappeared in 
78.0±24.1 seconds in group S. The time for the eyes 
to be fixed at the midline was 207.3±52 seconds in 
group SA, whereas it was determined as 236.9±43.5 
seconds in group S (p<0.01). No statistically significant 
difference was found between the groups regarding 
the duration of apnea (p>0.05) (Figure 1). 

The ET concentrations of sevoflurane were 
3.5±0.74% in group SA, and 3.3±0.62% in group S at 
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Table 1. The comparison of the groups regarding age 
and body mass index

Group SA n=44 Group S n=36
Age 41.1± 9.6 42.3±8.4
BMI 26.5± 3.2 25.6±2.8
The data were shown as the mean ± standard deviation.
SA: Sevoflurane and nitrous oxide, S: Sevoflurane, BMI: Body mass index
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the 1st minute, 4.1±0.59% in group SA and 3.7±0.67% at 
the 2nd minute, 4.8±0.56% in group SA and 4.3±0.71% 
in group S at the 3rd minute, 5.2±0.48% in group SA 
and 4.8±0.71% in group S at the 4th minute, 5.8±0.5% 
in group SA and 5.3±0.72 in group S at the 5th minute. 
Although there were differences in favor of group SA 
at the first and fifth minutes, there was no statistically 
significant difference between the two groups 
regarding the sevoflurane values (p>0.05). However, 
significant differences were found on the 2nd, 3rd, and 
4th minutes between the two groups regarding ETsev 
values (p<0.01) (Figure 2).  

Similar results with the ETsev comparisons were 
obtained when the minute FA/Fi measurements of 
sevoflurane were compared between the groups 
(ETsev concentrations were considered as FAsev). 
Statistically significant increases in FA/Fi values were 
determined at the 2nd, 3rd, and 4th minutes, when the 
N2O added group was compared to the group that it 
was not supplemented, (p<0.01). These values were 
higher in the N2O-supplemented group at the first 
and 5th minutes, although not statistically significant 
(p>0.05) (Figure 3). 

No statistically significant difference was found 
between the two groups regarding the BIS values 
(p>0.05) (Table 2). Data were shown as the mean ± 
standard deviation.

There were statistically significant differences 
between the two groups in favor of group SA regarding 
the reflex response to intubation and additional 
medication needed for intubation (p<0.01) (Table 3). 

There were no significant differences between the 
two groups regarding HR, SAP, MAP, and SPO2 values. 
These values were observed to be stable.

Discussion

In this study, it was determined that the addition 
of N2O to the single-breath induction with sevoflurane 
had accelerated the anesthesia induction, had 
shortened the duration to reach the surgical 
anesthesia stage and had facilitated endotracheal 
intubation without administering muscle relaxant. 

In the N2O-added group, the eyelash reflex 
disappearance time and the duration for the eyes to 
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Figure 3. The increase in the alveolar concentration of 
sevoflurane 
FA/Fi: The ratio of the anesthetic concentration to the inspiratory 
anesthetic concentration, SA: Sevoflurane and nitrous oxide,  
S: Sevoflurane, *p<0.01

Figure 2. End-tidal sevoflurane-time graph 
ETsev: End-tidal sevoflurane concentration, SA: Sevoflurane and 
nitrous oxide, S: Sevoflurane, *p<0.01

Figure 1. The eyelash reflex disappearance time, the time for 
the eyes to be fixed at the midline and the duration of apnea
ERDT: Eyelash reflex disappearance time, TEFM: The time for the 
eyes to be fixed at the midline SA: Sevoflurane and nitrous oxide, S: 
Sevoflurane, *p<0.01

Table 2. The Bispectral index values
BIS Value Group SA n=44 Group S n=36
0 minimum 96±1.7 95±3.9
1st minimum 89±12.3 87±12.1
2nd minimum 55±22.4 62±19.5
3rd minimum 41±17.7 45±17.4
4th minimum 33±13.2 36±12.1
5th minimum 35±13.1 36±11.9
6th minimum 42±16.7 41±13.2
BIS: Bispectral index, SA: Sevoflurane and nitrous oxide, S: Sevoflurane
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come to the midline were determined to be reduced by 
25% and 13%, respectively. Muzi et al. (8), in the study 
that they conducted in adults, found a similar result 
for ERDT. Yurino et al. (9) determined that nitrous 
oxide had shortened the induction time by 15%; 
however, they were not able to prove this statistically. 
Hall et al. (10) suggested that the addition of nitrous 
oxide does not shorten the durations regarding the 
disappearance of eyelash reflex and the relaxation of 
the jaw; they claimed that it reduced the excitatory 
response only. Lee et al. (2) determined significant 
results related to the eyelash reflex disappearance 
time in the study that they had carried out in children 
with single-breath induction. 

The ETsev concentrations of sevoflurane and the 
FA/Fi ratios were determined to be 6.3% higher in 
average at the 2nd, 3rd, and 4th minutes in the nitrous 
oxide added group. The elevation of the ETsev 
concentration in a shorter time with the addition of 
nitrous oxide gave us the impression that indirectly, 
the anesthetic concentration in the brain had also 
risen more rapidly. Also, Sarner et al. (11), in their 
study, determined that the duration for the ETsev to 
reach a concentration of 2% was reduced significantly 
in the N2O-added group.

The elevations in the FA/Fi ratios of the N2O-added 
group mean that the induction with sevoflurane is 
accelerated. The inspiratory concentration of the 
anesthetic substance (Fi), determines the alveolar 
concentration (FA), which affects the arterial 
concentration of the anesthetic (Fa), thus determining 
the concentration of the anesthetic in the brain 
tissue. Also, the end-tidal alveolar concentration 
of the anesthetic is an indicator of the anesthetic 
concentration in the brain (12). The second gas effect 
was proposed by Epstein et al. (1) and was proven 
in the consecutive study (13). However, in the study 
carried out by Sun et al. (14), it was determined that 

the FA/Fi ratio and arterial blood concentration did 
not show any difference with the addition of N2O 
to enflurane in the first five minutes; they claimed 
that the second gas effect is not a clinically valid 
concept. When Mutoh et al. (15) compared the dog 
groups in which N2O was added and was not added 
to sevoflurane and isoflurane, they determined that 
N2O had not improved the quality of mask induction 
and that the concentration and second gas effects 
had been minimal. Regarding desflurane, Taheri and 
Eger (16), in their study comparing 65% N2O and 5% 
N2O, determined that desflurane increased the FA/Fi 
ratio 7-8% more. Nishikawa et al. (17), in their study 
investigating the second gas effect of N2O on oxygen, 
found elevations in EtO2 and PaO2 values with N2O 
and claimed that this result confirmed the second gas 
effect. Swan et al. (18), in a similar study, determined 
that N2O reduced the NAC value of halothane by 40%. 

Dubois et al. (19) determined that the times 
of loss of the consciousness and movements 
were significantly shorter in the group with N2O. 
Watanabe et al. (20), determined that simultaneous 
administration of halothane and N2O to a single lung 
increased the halothane uptake rate when compared 
to administering to both lungs in their study in 
which they ventilated the lungs separately with the 
double-lumen tube. They described this situation as 
the supramaximal second gas effect. However, Lin 
and Wang (21) criticized the supramaximal second 
gas effect as a non-existent phenomenon; they 
claimed that the study conducted by Watanabe et 
al. (20) had been designed completely wrong and 
the data had been misinterpreted. They emphasized 
that comparing the single and double-lumen tubes 
for the administration of N2O was wrong and that 
the N2O administered ipsilateral lung should have 
been compared to the ipsilateral lung that N2O was 
not administered, instead. Goldman (3), in his study 
with mask induction in children, obtained results 
supporting the second gas effect of N2O, together 
with its concentration effects. A similar study by 
O’Shea et al. (22) revealed no statistically significant 
difference between groups regarding the induction 
time. However, in that study, sevoflurane mask 
induction was initiated at a concentration of 0.5 and 
was gradually increased up to a concentration of 8. 
We think that the number of the patients should be 
greater to detect a difference in induction time. Also, 
the concentrations of FA/Fa not been measured might 
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Table 3. The reflex response to intubation 
and additional medications needed for 
intubation 

Group SA 
n=44

Group S 
n=36

chi-square

Reflex response 
to intubation

Present 11 23 p<0.01*
Absent 33 13

Additional 
medications for 
intubation

Present 6 15 p<0.01*
Absent 38 21

*Statistically significant difference, SA: Sevoflurane and nitrous oxide, 
S: Sevoflurane
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have prevented us from determining the second gas 
and concentration effects. 

No statistical difference was found in the 
comparison of BIS values. However, lower BIS values 
were obtained at the 2nd, 3rd, and 4th minutes. The 
statistical strength of the study regarding BIS values 
was insufficient with these patient numbers. Further 
studies with increased patient numbers are needed. 
Also, when we look at the medical literature, 
numerous studies are present showing that BIS value 
remains unchanged (23-29). There are hypotheses 
that the reason of this is related to N2O changing the 
beta ratio in BIS (the ratio of very high beta activity to 
the sum of high alpha and beta activities) (23). 

The reflex response to intubation was found as 
39% and the need for additional medications during 
intubation was lower by 32% in the N2O added group. 
We consider that this difference is related to both the 
accelerator effect of N2O on intubation and its strong 
analgesic effect. Numerous factors such as ventilation, 
cardiac output, lung capacities, functional residual 
capacity, inspiratory and expiratory anesthetic 
concentrations, arterial and venous blood anesthetic 
concentrations (Ca and Cv) have effects on the uptake 
of volatile agents to the body. Evaluating the second 
gas effect of N2O by keeping all these parameters 
constant is difficult. 

In the study of Sun et al. (14) in which they did 
not accept the second gas effect, the ventilation 
parameters were not kept constant, and the cardiac 
effects of N2O were ignored. The effects of N2O on the 
functions of the cardiovascular system are increasing 
the HR and arterial blood pressure mildly, and thus the 
cardiac output, by stimulating the sympathetic nervous 
system. This effect becomes even more pronounced 
at higher concentrations (12). Sun et al. (14) used N2O 
at high concentrations in their experimental group. 
Taheri and Eger (16), criticizing this study, stated that 
to prevent ventilatory differences and to keep the 
respiratory quotient (RQ) constant, the ventilation 
parameters should be adjusted so as to keep the ETCO2 
concentration constant in the study groups. Since 
parameters related to cardiac output and respiration 
were not kept constant during the study conducted 
by Sun et al. (14), their rejection of the secondary gas 
effect is controversial. 

The investigators have stated two different 
points of view related to the addition of N2O to 
sevoflurane induction. Those who defend that it 

shortens the induction period have suggested that 
N2O accomplishes this by the second gas effect and 
the previously shown additive effects (11,18,19,30). 
The opponent group has advocated in their studies 
that N2O does not shorten the induction period and 
the addition of N2O during induction is unnecessary 
(9,10,22). However, in the studies representing both 
opinions, the excitatory and movement responses 
were determined to be less in the N2O added groups. 

In both the studies suggesting that it shortens 
the induction period and the studies suggesting 
that there was no difference, the patient ages being 
different (adult, child, infant), the differences of the 
used anesthesia systems (ring system, Mapleson A, 
B, D), flow differences (within the range of 3 L/min. 
and 10 L/min.), in other words, the inability to provide 
a complete standardization regarding ventilation, 
cardiac output and lung capacities might be a cause 
of such different results. 

N2O was used with the recommended dose (67%) 
in this study. Also, the ventilation parameters were 
adjusted so as to keep the ETCO2 concentration 
constant. It was attempted to ensure that the non-
constant factors affecting the uptake of the anesthetic 
agent would be effective equally in all study groups. 
The arterial concentration of the anesthetic could not 
be measured due to technical insufficiencies. 

The data in our study were supportive of the 
studies reporting that N2O shortened the induction 
period. Although N2O seemed to lose its advantage 
for the induction at the 5th minute, which was 
observed within the first three minutes, the need for 
more medications of the group without N2O shows 
that these effects of N2O can be benefited in a special 
and limited adult patient group in which i.v. induction 
cannot be performed. 

Conclusion

The results of this study showed that, with the 
addition of N2O, the sevoflurane induction was 
accelerated, and the intubation without administering 
muscle relaxant was facilitated, suggesting that N2O 
plays a significant role in the process of sevoflurane 
uptake to the body (second gas effect) in adults, also. 
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