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A b s t r a c t: In this prospective study we have analysed the level of nitric 

oxide in hypertensive patients scheduled for general anaesthesia. In the study were in-
cluded thirty-four patients with chronicle inflammatory disease of the middle ear who 
have undergone surgical treatment at the Clinic for Ear, Nose and Throat Surgery.  

The aim of our study was to determine the plasma level of nitric oxide (NO) 
and its effects on the circulatory system in hypertensive patients during the general an-
aesthesia maintained with inhalation of oxygen and nitrous oxide (O2/N2O) mixture. 

Patients were divided in two groups. During the maintenance of general an-
aesthesia the patients from the first group were ventilated with O2/N2O, while patients 
from the second group were ventilated with oxygen and air (O2 / air) mixture. The other 
principles during the general anaesthesia were equal for both groups. 

For determination of the NO plasma levels we have used the enzymatic method 
according to Conrad et al., 1993. 

Our results showed that there is a statistically significant difference of NO 
plasma level between the two groups. The level of NO was higher in the first group 
(ventilated with O2/N2O) compared to the second group (ventilated with O2/air). The 
mean arterial pressure and systemic vascular resistance were significantly decreased in 
the first group, as well. 
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Our results suggest that nitrous oxide (N2O) most probably plays the role of 
NO donor in hypertensive patients during the maintenance of the general anaesthesia 
with N2O/O2 mixture.  
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Introduction 
 

Nitrous oxide was discovered by Joseph Priestley, 1773, about one year 
after he had described oxygen as a chemical compound of air. For the first time 
in medicine N2O was used by the American dentist Horace Wells during tooth 
extraction under N2O inhalation.  

Since 1844, nitrous oxide has been one of the most often used anaes-
thetics in the operating theatre, due to many positive effects, such as: basal se-
dation, analgesic, cognitive, psychometric, respiratory and cardiovascular effe-
cts. We have examined the vascular effects of nitrous oxide during general ana-
esthesia of patients with essential hypertension who have undergone middle ear 
surgery. In general, the essential hypertension is caused by endothelial dys-
function that leads to disequilibrium between vasoconstriction and vasodilata-
tion agents (Fitzerald et al., 1983).  

Most of the patients with essential hypertension have low levels of en-
dothelial nitric oxide synthase (eNOS) (Heller, 1996), which is the enzyme for 
synthesis of NO in vascular cells (Anggard, 1994; Bredt and Snyder, 1994, Hen-
rich, 1991, Murad, 1999). The bloodless operative field which is a requirement 
for the successful performance of microsurgical procedures on the ear is hard to 
achieve in hypertensive patients (Barash et al., 1996). The use of N2O for 
maintenance of anaesthesia in hypertensive patients can avoid this problem. Since 
N2O is approximately 34 times more soluble in blood than nitrogen, a probem of 
accumulation of N2O in the closed space in the body might be expected. However 
this is not the case with cavum tympani during surgery of the middle ear.  

The aim of our study was to examine the effects of nitrous oxide on vas-
cular cells of hypertensive patients who were scheduled under general anaesthesia 
for middle ear surgery. Therefore we determined the plasma levels of nitric oxide 
(NO), hart rate (HR), systolic, mean and diastolic blood pressure (SAP, MAP and 
DAP) electrocardiogram (ECG), peripheral pulse oxymetri (SpO2) and systemic 
vascular resistance (SVR), at five time intervals during the general anaesthesia. 
 
 

Material and methods 
 

Thirty four hypertensive patients, scheduled under general anaesthesia 
for middle ear surgery, were classified according to the American Society of 
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Anesthesiology (ASA). All patients belonged to ASA physical status II. The 
patients were divided in two groups: the first group of 17 patients, who were 
maintained in general anaesthesia with ventilation of O2/N2O = 35%/65%; the 
second group of 17 patients who were maintained in general anaesthesia with 
ventilation of O2 /air = 35%/65%. 

All patients were breathing pure oxygen for 3 minutes before intubation 
for denitrogenation of their lungs. 

The following anaesthetic protocol was used: patients were preme-
dicated with 5µg/kg body weight Fentanil i.v; intubation was facilitated by Pro-
pofol (2 mg/kg) and Rocuronium (0.5 mg/kg); bolus intravenous doses of Fen-
tanil and Rocuronium were added for maintenance of the anaesthesia during the 
operation; neuromuscular block was reverted by Prostigmin and Atropin at skin 
closure. 

Patients were selected randomly in two groups to receive O2/N2O or 
O2/air; 35%/65%, for maintenance of the anaesthesia.  

The following inclusion criteria were used for selection of the patients: 
1. adult patients (older than 18), 
2. ASA II, hypertensive patients, 
3. without antihypertensive therapy last two weeks before surgery, 
4. middle ear surgery. 

 
 

Methods 
 

Perioperative monitoring (Ebert 1990; Houltz et al., 1995) 
• Heart rate (HR) 
• Systolic, mean and diastolic blood pressure (SAP, MAP and DAP) 
• Electrocardiogram (ECG) 
• Peripheral pulse oxymetri (SpO2). 

 

All parameters were measured by "Criticon" monitor (General Ele-
ctronics, CA, USA). HR, ECG and SpO2 were continuously measured during 
the operation. Blood pressure was measured every five minutes during the ope-
ration, using the indirect method (Lalevic, 1999). 

Samples of venous blood were taken five times during the operation in 
vacuutainer tubes with EDTA.  

All parameters were analysed at the following time intervals: 
T1. 30 minutes before the operation 
T2. 1 hour after induction of anaesthesia 
T3. 2 hours after induction of anaesthesia 
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T4. after the extubation 
T5. 2 hours after the extubation. 

• Systemic vascular resistance (SVR) was calculated by the formula: 
 

   MAP–CVP 
SVR = ------------------ x 79.9 

   CO 
 

SVR – Systemic vascular resistance, normal value = 900–1400 dyn x sec x cm-5 
CVP – central venous pressure, normal value = 5.5±0.5 mmHg 
CO – cardiac output = 3,5–5 L/min. 
CO was measured 30 minutes before and 2 hours after the operation at the Institute for 
Cardiovascular Diseases. Transthoracic echocardiography was used to determine 
LVEDV and HR.    
CO = LVEDV x HR  
LVEDV – left ventricular end diastolic volume 
HR – heart rate     
MAP was measured every 5 minutes during the operation.  
CVP was measured before, during and after the operation.  

 
Blood samples were centrifuged at 3000 /10 min and the plasma was 

collected and kept frozen at -20oC until NO determination.  
Plasma level of NO was measured using the method by Conrad et al, 

1993, which is an enzymatic measurement of the stable end-products of NO 
metabolism, nitrates and nitrites. All samples were analysed for nitrates and for 
both nitrites and nitrates after reduction by nitrate reductase in the presence of 
10 µM NADPH. The absorbance of the reaction product was measured at 
450nm. Reference values for plasma levels of NO are 40.33 ± 12µmol/l. 

Statistical analyses were performed with the paired Student’s t-test. All 
measures were analysed by ANOVA. Significance was considered at p < 0.05. 
 
 

Results 
 

In this study two groups of patients were included. Both groups con-
tained adult male and female patients, aged between 30 and 50 years. Demo-
graphic data of both groups are presented in Table 1. 
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Table 1 – Tabela 1 
 

Demographic data of the patients 
Demografski podatoci na pacientite 

 
Group Gender Age n 

I 9 M (53%) 
8 F (47%) 

40 + 9,8 17 

II 7 M (41%) 
10 F (59%) 

39 + 8,9 17 

 
The level of NO in the first group of hypertensive patients, ventilated 

with O2/N2O mixture, was 22 ± 1.24 µmol/l 30 min before the operation, (T1) 
and 2 hours after the extubation (T5), while during the T2, T3 and T4 intervals 
the NO level was between 40 and 43 µmol/l. In the second group of hyper-
tensive patients, ventilated with O2 / air mixture, the NO level varied between 
20 and 23 µmol/l during all five time intervals (T1–T5). 

The results of determination of NO plasma levels for both groups of 
patients are presented in Table 2 and Fig. 1. 

 
Table 2 – Tabela 2 
 

Plasma NO concentration in group I and group II 
 of hypertensive patients 

Plazmatska koncentracija na NO kaj I i II grupa 
na hipertenzivni pacienti 

 
group I group II Time 

interval 
NO µmol/l ± SD NO µmol/l ± SD 

T1 22,4 1,2 21,6 1,2 
T2 41,2 2,1 22,6 1,3 
T3 43,2 1,6 22,7 1,1 
T4 40,5 1,2 21,3 1,7 
T5 22,7 0,7 20,9 1,2 
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The main arterial pressure in the first group of hypertensive patients 
decreased from 122 to 91 mmHg during the first three time intervals of 
measurement (T1–T3) and it increased to 120 mmHg in T4 and T5. The MAP 
values in the second group of patients were close to the values of the first time 
interval (from 110–130 mmHg). 
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Figure 1 –  Middle values of NO (µmol/l) in both groups of hypertensive patients 

Figura 1 ‡ Sredni vrednosti na NO (µmol/l) kaj dvete grupi 
 hipertenzivni pacienti 
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Figure 2 – MAP values (mmHg) in both groups of hypertensive patients 
Figura 2 ‡ Sredni vrednosti na MAP (mmHg) kaj dvete grupi 

hipertenzivni pacienti 
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The results from MAP measurements are presented in Table 3. 
The systemic vascular resistance, measured during the third time 

interval (T3), in the first group of patients decreased from 1700 to 1200 dyn-
xsecxcm-5, while in the second group it decreased from 1700 to 1500 dyn-
xsecxcm-5. At the end of the operating treatment the SVR values in both groups 
of patients normalised to the level before the operation. The results of the SVR 
measurements are presented in Table 4.  
 
Table 3 – Tabela 3 
 

MAP values in group I and group II of hypertensive patients 
Vrednosti na MAP kaj I i II grupa hipertenzivni pacienti 

 
 

group I group II Time 
interval MAP mmHg ± SD MAP mmHg ± SD 

T1 122,3 11,4 121,2 8,8 
T2 104,8 8,8 109,3 8,8 
T3 91,8 6,8 110,7 7,9 
T4 120,2 11,4 132,2 8,7 
T5 120,6 10,2 125,7 9,5 

 
 

Table 4 – Tabela 4 
 

SVR values in group I and group II of hypertensive patients 
Vrednosti na SVR kaj I i II grupa hipertenzivni pacienti 

 
 

group I group II Time 
interval SVR 

dynxsecxcm-5 
± SD SVR 

dynxsecxcm-5
± SD 

T1 1709,1 230,7 1708,1 217,6 
T2 1444,2 150,8 1521,8 195,2 
T3 1276,7 157,5 1542,2 176,8 
T4 1674,2 203,7 1868,8 213,0 
T5 1658,1 206,7 1769,9 191,4 

 
The statistical analyses showed that there is a statistically significant 

difference between the two groups of patients for the three parameters: NO, 
MAP and SVR. The other parameters such as: heart rate (HR), electrocar-
diogram (ECG), peripheral pulse oxymetri (SpO2) did not show any statistically 
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significant difference. The analysis of variance (F) and p-value for the NO, 
MAP and SVR are presented in Table 5. 

 
Table 5 – Tabela 5 
 

Analysis of variance (F) and p value (p) for NO, MAP and SVR 
Analiza na varijansa (F) i  p vrednosti na NO, MAP i SVR 

 
group I group II Parameter F p-value F p-value 

NO 895,9032 0,00 6,093158 0,000248 
MAP 30,856 0,0000 21,26028 0,00000 
SVR 15,672 0,0000 9,462871 0,000003 

 
The results of the Pearson-s coefficient analyses showed a strong nega-

tive correlation between the NO concentration and MAP in the patients ven-
tilated with O2 / N2O mixture, during the T2 and T3 time intervals (Table 6). 
However, during the T4 and T5 time intervals the correlation remained weak 
negative. The Pearson-s coefficient in the second group of patients, ventilated 
with O2 / air mixture, showed a weak negative correlation between NO concen-
tration and MAP during all time intervals except T1 (before the operation).  
 
Table 6 – Tabela 6 
 

Pearson-s coefficient of correlation between NO/ MAP and NO/SVR 
Pearson-ov koeficient na korelacija pome”u NO/MAP i NO/SVR 

 
Pearson-s coefficient Time 

intervals group I group II 
 NO/MAP NO/SVR NO/MAP NO/SVR 

T1 -0.36* -0.34* +0.21 +0.29 
T2  -0.47**   -0.53** -0.23*    -0.29* 
T3  -0.54**   -0.47** -0.20*    -0.28* 
T4     -0.23* -0.27* -0.31*    -0.15* 
T5     -0.26* -0.36* -0.10*    -0.25* 

 
* weak negative correlation, coef. < 0.36  
** strong negative correlation, coef. > 0.36 
* slaba negativna korelacija, koef. < 0.36  
** silna negativna korelacija, koef. > 0.36 
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The Pearson-s coefficient analyses showed a strong negative correlation 
between the NO concentration and SVR in the patients ventilated with O2/N2O 
mixture only during the T2 time interval. During the other time intervals (T3, 
T4 and T5) the correlation remained weak negative with a gradual decrease. 
The Pearson-s coefficient in the second group of patients, ventilated with O2/air 
mixture, showed a weak negative correlation between NO concentration and 
SVR during all time intervals. 
 
 

Discussion 
 

In order to examine the effects of nitrous oxide (N2O) on vascular cells 
of hypertensive patients, who were scheduled under general anaesthesia for 
middle ear surgery, we have analysed the plasma levels of nitric oxide (NO). 
Our results from the NO determination of the patients ventilated with O2/N2O, 
showed higher NO concentrations compared to the patients ventilated with 
O2/air. The NO concentrations were increased during T2, T3 and T4 time 
intervals in the first group of patients, while there were no increases of NO 
levels in all five time intervals of measurement in the second group of patients. 
These results suggest that a substantial amount of endothelial NO is produced 
when anaesthesia is maintained by O2/N2O mixture. 

The correlation between NO and mean arterial blood pressure (MAP) in 
the first group of patients showed a strong negative correlation for the same 
time intervals. This is most probably due to the vasodilatation caused by the NO 
that lowers the MAP. Also, in the first group of patients there is a strong 
negative correlation between NO and systemic vascular resistance (SVR) for the 
same time intervals (T2 and T3), showing that the increased concentration of 
NO influence the decrease of SVR that is also caused by vasodilatation.  

In contrast, the results for the second group of patients showed a minor 
variation of the NO level and a very weak correlation NO/MAP and NO/SVR, 
as well. In this group of patients the arterial pressure and the vascular resistance 
were not decreased since vasodilatation did not occur. 

The hemodynamic effects of N2O have been a subject of many studies 
in the past (Hohner et al., 1994a; 1994b; Houltz et al., 1995; Hahn et al., 1997). 
A large prospective sturdy of 270 patients showing the hemodynamic effects of 
N2O was published in 1990 by Eger et al. The patients in this study were 
randomized to groups with fresh gas flow with or without nitrous oxide. In the 
nitrous oxide group, the mean value for the systolic blood pressure was 
108mmHg compared with 115mmHg for the group without N2O. Comparable 
values for pulse were 66 beats/min for the nitrous oxide group and 70 beats/min 
for the other group.  
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Another study on the hemodynamic effects of anaesthesia is based on 
the use of O2/nitrous oxide/sevoflurane, compared to O2/air/sevoflurane (Forte 
et al., 1997). In this study a reduction of blood pressure, systemic vascular 
resistance and “cardial index” in the first group was found in comparison with 
the second group of patients.  

Although many studies have clearly shown the vascular effects of N2O, 
nitric oxide (NO) as the most possible factor for these effects has not been 
determined, so far. Our study is the first study showing that NO released from 
N2O, regulates vascular tone and it is the main reason for vasodilatation. In 
conclusion, the maintenance of the general anaesthesia by ventilation with 
O2/N2O mixture could be highly recommended for patients with essential 
hypertension. 
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Trieset i ~etiri pacienti so anamneza za esencijalna hipertenzija, 

hospitalizirani na Klinikata za uvo, nos i grlo bea podlo`eni na op{ta 
endotrahealna anestezija poradi hroni~no vospalenie na srednoto uvo. 



24 B. Shirgovska, T. Trajkovska, et al. 

 Contribution, Sec. Biol. Med. Sci XXVI/1 (2005) 13–24 

Cel na ovaa prospektivna studija e da se odredi plazmatskoto nivo 
na azotniot oksid i negovite efekti vrz cirkulacijata kaj hipertenzivni 
ispitanici za vreme na op{tata anestezija.  

Pacientite bea podeleni vo dve grupi: po voved vo anestezija kaj 
prvata grupa anestezijata be{e odr`uvana so me{avina od kislorod i 
azoten oksidul, a kaj vtorata grupa so me{avina od kislorod i vozduh. 

Metodot primenet za odreduvawe na azotniot oksid (NO) vo plazma 
e enzimskiot metod spored Conrad i sor., 1993. 

Rezultatite poka`aa deka kaj grupata so me{avina od kislorod i 
azoten oksidul, plazmatskoto nivo na NO e statisti~ki zna~ajno povisoko 
za razlika od grupata kade {to anestezijata be{e odr`uvana bez azoten 
oksidul. Isto taka, i nivoto na sredniot arteriski pritisok i sistemskiot 
vaskularen otpor e zna~ajno ponizok kaj grupata ~ija anestezija be{e 
odr`uvana so azoten oksidul. 

Zaklu~ok: Azotniot oksidul igra uloga na NO donor daden vo me{a-
vina so kislorod za odr`uvawe na op{tata anestezija kaj pacienti so esen-
cijalna hipertenzija. 
 
Klu~ni zborovi: azoten oksid, azoten oksidul, esencijalna hipertenzija, 
op{ta anestezija. 
 
 
 
 


