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Introduction

Low-flow anaesthesia is increasingly becoming more common. It is defined as minimal-flow anaesthesia, and has 
many advantages, such as limiting the fresh gas flow to 0.5 L min-1, maintaining the heat and humidity of  the 
inspired gases and the body temperature of  the patient, reducing the cost of  anaesthetic gases and the associated 
environmental pollution. However, hypoxaemia is the biggest concern for the use of  low fresh gas flow. Although 
new equipment has been added to modern anaesthesia devices for providing adequate oxygen concentration (1, 2) 
and studies on the safety of  minimal flow have been published (3-5), further studies are needed in this regard.

Near infrared spectroscopy (NIRS) is a technique that can continuously measure oxygen saturation in the frontal 
region of  the brain in a non-invasive manner. However, it cannot measure the true value of  haemoglobin con-
centration; therefore, it cannot provide the true value of  cerebral oxygen saturation. Although, it can be used as a 
trend monitor because it can detect relative changes (6). It has been shown that cerebral oxygen saturation remains 
unaffected in surgical interventions (7), laparoscopic surgeries (8) and thyroid surgery (9) performed using NIRS in 
a sitting position in normotensive patients. In Turkish and English literature, no study has examined the effect of  
controlled hypotension on cerebral oxygenation in patients undergoing minimal-flow anaesthesia. In this study, we 
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Comparison of  the Effects of  Minimal 
and High-Flow Anaesthesia on Cerebral 
Perfusion During Septorhinoplasty

Abstract

Objective: The aim of  this study was to analyse the effects of  minimal-and high-flow anaesthesia on cerebral oxygenation during septorhino-
plasty with controlled hypotension using near-infrared spectroscopy.

Methods: Eighty patients scheduled for septorhinoplasty under general anaesthesia with controlled hypotension were randomised into two 
groups: minimal-flow (MF) or high-flow (HF). Both groups received desflurane anaesthesia to maintain bispectral index values at 40%-50% and 
0.25-0.5 µg kg−1 min−1 i.v. remifentanyl infusion to maintain mean arterial blood pressure between 55 and 65 mmHg. The MF group received 
5 L min−1 of  fresh gas flow for the first 10 mins then the gas flow was reduced 0.4 L min−1. The HF group received 2 L min−1 of  fresh gas flow 
throughout. Haemodynamic parameters and cerebral oxygen saturation were measured.

Results: There were no statistical differences in demographic variables, duration of  anaesthesia and surgery, time to extubation and proceeding 
to an Aldrete score of  9. There were no statistical differences in haemodynamic parameters, end-tidal CO2 and cerebral oxygen saturation. The 
amount of  desflurane used in the MF group was significantly lower than that used in the HF group (30.5±9.8 mL vs. 48.5±12.1 mL; p<0.05).

Conclusion: MF and HF anaesthesia did not lead to any difference in cerebral oxygen saturation in patients undergoing septorhinoplasty with 
controlled hypotension. MF anaesthesia may thus be used as safely as HF anaesthesia is.
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aimed to compare minimal and high-flow applications with 
NIRS monitoring in patients undergoing septorhinoplasty 
under controlled hypotension.

Methods

After receiving approval from the Clinical Research Ethical 
Committee in Recep Tayyip Erdoğan University (2016/54), 
80 patients that were to undergo septorhinoplasty were in-
cluded in the study.

The exclusion criteria were as follows: Age <18 years and 
>60 years, American Anesthesia Association (ASA) phys-
ical state classification >2, expected duration of  surgery 
<1 hour, history of  cerebrovascular disease, pathology in 
cerebrovascular vessels, morbid obesity, chronic obstructive 
pulmonary disease, peripheral artery disease, central ner-
vous system disease, congestive heart failure, anaemia (hae-
moglobin <8 g dL-1), liver disease, kidney disease, diabetes 
mellitus, alcohol or drug addiction and history of  allergy 
to anaesthetic drugs. The patients, who accepted to par-
ticipate in the study during preoperative anaesthesia eval-
uation and signed the informed consent form, were given 
closed envelopes including group names for providing ran-
domisation. The study was conducted in accordance with 
the Declaration of  Helsinki.

The patients, who were taken to the operating room with-
out the application of  premedication, were monitored us-
ing 3-derivation electrocardiogram, non-invasive blood 
pressure, peripheral oxygen saturation, regional cerebral 
oxygen saturation (rScO2) (INVOS 5100C oximeter, So-
manetics, Covidien, Minneapolis, USA) and bispectral in-
dex (BIS) (DatexOhmeda, USA) and their baseline values 
were recorded.

Following the intravenous (IV) loading dose of  1 µg kg-1 

remifentanil in 30 s, pre-oxygenation with 100% oxygen at 5 
L min-1 was performed. Anaesthesia induction was provided 
using 2 µg kg-1 IV fentanyl and 2 mg kg-1 IV propofol, with 
muscle relaxation using 0.6 mg kg-1 IV rocuronium. For all 
patients, the Dräger Primus (Dräger Medical, Lübeck, Ger-
many) was used as the anaesthesia device and CLIC Absorber 
800+ (Dräger Medical, Lübeck, Germany) was used as soda 
lime.

Controlled hypotension was provided using IV remifentan-
il infusion in a dose range of  0.25–0.5 µg kg-1 min-1 during 
the operation. The mean arterial pressure was planned to be 
maintained between 55 and 65 mmHg. Remifentanil infusion 
was planned to be discontinued if  the mean arterial pressure 
dropped by more than 30% of  the basal value; further, it was 
decided to administer 10 mg IV ephedrine in the absence of  

an increase in the blood pressure to stop remifentanil infusion 
when peak heart rate decreased below 45 beat min-1, and to 
administer 1 mg IV atropine when the peak heart rate did 
not increase.

The heart rate, mean arterial pressure, peripheral oxygen 
saturation, left and right side cerebral regional oximetry val-
ues, BIS values and end-tidal carbon dioxide values measured 
during intubation were recorded at 5-minute intervals until 
patients were transferred to the recovery unit.

When the patients were brought to the operating room, the 
closed envelopes were opened and the group information 
was read. Following the intubation, the minimalflow (MF) 
group was given desflurane anaesthesia with 5 L min-1 fresh 
gas flow (50% FiO2) for 10 min by obtaining the BIS value 
in the range of  40%–50%. After the tenth minute, the FiO2 
was adjusted to ensure that the inspiratory oxygen fraction 
did not decrease below 50%, and the fresh gas flow was re-
duced to 0.4 L min-1. In the highflow (HF) group, fresh gas 
flow of  2 L min-1 (50% oxygen and 50% air) was applied 
following intubation.

In all patients, 6 mL kg-1 tidal volume was applied, and the 
respiratory frequency was adjusted to ensure that the end-tid-
al carbon dioxide values were in the range of  35–40 mmHg. 
When the surgeon reported 10 min towards the end of  sur-
gery, fresh gas flow was increased to 5 L min-1, desflurane 
was discontinued, and 100% oxygen support was provided. 
Remifentanil infusion rate decreased to 0.2 μg kg-1. The pa-
tient was extubated after being observed to follow the com-
mands and then taken to the recovery unit.

The Aldrete score was followed by an anaesthesia technician 
in the recovery unit. The time from the end of  the surgery to 
the Aldrete score reaching up to 9 was recorded. In all pa-
tients, the time of  recovery after cessation of  desflurane and 
extubation, intraoperative and postoperative complications 
and desflurane consumption recorded by the anaesthesia de-
vice was noted.

Statistical analysis
In the power analysis, it was calculated that the sample size 
of  80 patients would be sufficient to detect a 5% difference 
in cerebral regional oximetry between the groups (α=0.05, 
β=0.1). The SPSS software (version 12.0) was used for anal-
yses. The conformity of  the data to the normal distribution 
was examined using the Kolmogorov–Smirnov test. Paramet-
ric data were expressed as mean ± standard deviation and an-
alysed using the t-test in the independent groups. Categorical 
data were expressed as percentages (%) and analysed using 
the Chi-square test. P-values less than 0.05 were considered 
statistically significant.
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Results

Data of  80 patients were analysed. Demographic data of  the 
patients are given in Table 1. There was no significant dif-
ference between the two groups in terms of  haemodynamic 
parameters, peripheral oxygen saturation, and end-tidal CO2 
values (Table 1).

The right and left hemisphere rScO2 values of  the brain 
were similar between the groups (Table 2). The rScO2 val-

ues of  both hemispheres were significantly higher in the HF 
group only at the end of  the operation and after extubation 
(p=0.045–0.048). However, the difference was not clinically 
significant.

In the MF group, there was a decrease in the mean arterial 
pressure for more than 30% of  the baseline value in 3 pa-
tients; therefore, the controlled hypotension was discontinued 
and 10 mg IV ephedrine was administered. The percentage 
of  inspired oxygen increased from 90% to 100%. In the same 
period, it was observed that the rScO2 value decreased to 80% 
of  the baseline value. Approximately after 30 s, a decrease in 
the peripheral oxygen saturation was also observed. After the 
application of  ephedrine, the blood pressure increased to the 
normal values, and the value of  rScO2 reached 10% of  the 
baseline value in less than 2 min.

Although the durations of  surgery and anaesthesia adminis-
tration were similar in the groups, the amount of  desflurane 
consumed was significantly lower in the MF group (p<0.001, 
Table 3). There was no significant difference between the two 
groups in terms of  the duration of  extubation and the dura-
tion of  attaining an Aldrete score of  9 at the recovery unit 
(Table 3).

Table 1. Demographic and operative data of  the  
patients

	 MF group	 HF group
	 (n=40)	 (n=40)	 p
Age (year)	 36.5±14.3	 36.4±12.5	 >0.05*
Female (n, %)	 23 (57.5)	 23 (57.5)	 >0.05#

ASA I (n, %)	 28 (70)	 28 (70)	 >0.05#

BMI (kg m-2)	 25.6±5.1	 26.9±4.3	 >0.05*
Duration of  anaesthesia	 89.5±5	 83.4±3.9	 >0.05* 
(min)	
Duration of  surgery (min)	 81.6±5	 78.3±3.8	 >0.05*
Values are presented as mean±standard deviation or n (%). MF: 
minimal flow; HF: high flow; BMI: body mass index; *Wilcoxon test; 
#Chi-square test

Table 2. Mean cerebral oximetry values of  the groups (%)

 		  Left cerebral hemisphere			   Right cerebral hemisphere
Time	 MF (n=40)	 HF (n=40)	 p	 MF (n=40)	 HF (n=40)	 p
Pre-anaesthesia	 69.6±8.3	 69.8±9.9	 0.919	 70.1±8	 69.3±8.6	 0.623
Pre-oxygenation	 74.7±10.4	 78.4±11.2	 0.199	 76.3±9.3	 77.4±9.9	 0.745
During ETI 	 73.5±9.9	 76.3±10.7	 0.3245	 73.8±8.5	 75.9±9.5	 0.402
After ETI	 72.2±9.8	 73.9±10.4	 0.493	 71.8±8.9	 73.9±9.1	 0.325
At the beginning of  surgery	 69.5±11.1	 72.9±10.8	 0.176	 69.2±9.6	 72.6±8.8	 0.085
During surgery	 68.5±10.2	 72.3±10.7	 0.114	 68.2±9.3	 71.9±8.8	 0.059
At the end of  surgery	 68.5±9.4	 72.5±10.1	 0.077	 67.8±9.3	 71.7±8.5	 0.045*
After extubation	 68.4±9.6	 72.9±10.3	 0.048*	 68.2±9.3	 71.5±8.7	 0.087
Before leaving the operation room	 67.9±9.1	 70.6±9.9	 0.504	 67.1±8.1	 70.8±9.4	 0.266
Values are presented as mean ± standard deviation or n (%). MF: minimal flow; HF: high flow; ETI: endotracheal intubation; *statistically significant value

Table 3. Duration of operation and the amount of  consumed desflurane

	 MF (n=40)	 HF (n=40)	 p
Duration of  anaesthesia (min)	 89.5±32.3	 83.4±27.9	 >0.05
Duration of  surgery (min)	 81.7±32.3	 78.3±28.4	 >0.05
Amount of  consumed desflurane (mL)	 30.5±9.8	 48.5±12.1	 <0.001, 
			   95% CI: −22.8 ile −13.1 *
Duration of  extubation after surgery (min)	 3±0.9	 3±1	 >0.05
Duration of  reaching the Aldrete score of  9 after surgery (min)	 7±1.2	 7±1.1	 >0.05
Values are presented as mean ± standard deviation or n (%). MF: minimal flow; HF: high flow; CI: confidence interval; *statistically significant value
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Discussion

Low-flow anaesthesia is applied in daily anaesthesia practice. 
Minimal-flow anaesthesia has many advantages, such as low 
cost and reduced environmental pollution (10-13). However, 
although inspired and expired oxygen and gas concentrations 
can be monitored using modern anaesthesia devices, there is 
still a need to monitor the oxygen value reaching the patient 
at the tissue level. Hence, a device monitoring the cerebral 
oxygenation through NIRS method was used to monitor pa-
tients. In a meta-analysis including 14 randomised controlled 
trials on the use of  intraoperative cerebral oximetry (14), the 
use of  cerebral oximetry was predicted to be associated with 
a decrease in the postoperative cognitive dysfunction consid-
ering the heterogeneity of  the study groups. However, further 
studies are needed in this regard.

Kupisiak et al. (8) found that cerebral oxygen saturation val-
ues were similar in laparoscopic cholecystectomies in which 
low- and high-flow anaesthesia were administered. In our 
study, there was no significant difference between the groups 
in terms of  cerebral oxygen saturation values.

Controlled hypotension is preferred to provide a bloodless sur-
gical field in septum and sinus surgeries (15-17). Studies have 
also reported contradictory findings that neurological damage 
may occur due to insufficient cerebral perfusion or impaired 
cerebral autoregulation using this method in which the mean 
arterial pressure is maintained between 50 and 65 mmHg (18-
21). Erdem et al. (22) concluded that cerebral oxygen satura-
tion could be reduced by more than 20% even if  peripheral 
oxygen saturation was normal in rhinoplasty patients under-
going controlled hypotension. Heller et al. (23) did not find a 
relationship between the mean arterial pressure and cerebral 
oxygen saturation in the Functional Endoscopic Sinus Sur-
gery patients undergoing controlled hypotension. In this study, 
it was observed that 3 patients in the MF group developed 
cerebral desaturation following a decrease in the mean arte-
rial pressure by more than 30%. Meanwhile, the application 
of  90% FiO2 to patient and the rapid recovery of  cerebral 
desaturation following the elevation of  the blood pressure to 
the target values with ephedrine application suggest that this 
event was completely due to deterioration in perfusion and 
was not associated with minimal flow. The critical decrease 
in the mean arterial pressure to the rScO2 value before pe-
ripheral oxygen saturation indicated that NIRS was successful 
in demonstrating cerebral desaturation due to hypoperfusion, 
which was consistent with the study by Erdem et al. (22).

In our study, a 37% decrease in the amount of  desflurane 
consumed in the MF group compared to the HF group was 
consistent with the results reported in similar studies in which 
MF was used (11, 24). In addition, the time of  extubation, eye 

opening and orientation at the end of  anaesthesia were similar 
in the MF and HF groups. There were no significant differenc-
es between the two anaesthesia methods in terms of  duration 
of  stay in the recovery unit after surgery and Aldrete scores.

In a study conducted by Elmacıoğlu et al. (25), authors stat-
ed that perioperative hemodynamic stability was provided 
in desflurane anaesthesia administrations at 0.5 L min-1, 1 L 
min-1 and 2 L min-1 with fresh flow rates, and minimal-flow 
anaesthesia might be an alternative to highflow desflurane 
anaesthesia in patients with ASA score I–II because flow rates 
had no negative effect on recovery. In line with this result, we 
observed that minimal-flow anaesthesia did not have a nega-
tive effect on recovery.

In this study, the main limitation was that the mental state 
or cognitive functions before, after and 1-week after surgery 
were not evaluated. Perhaps, the relationship between these 
data and cerebral tissue oxygenation could be investigated 
in future. Minimal-flow anaesthesia, which is safely adminis-
tered to patients applied for controlled hypotension, can also 
be safely administered to patients with various clinical con-
ditions. We believe that our study method can help promote 
further studies.

Conclusion

It was found that minimal and highflow anaesthesia did not 
cause any difference in cerebral oxygen saturation in patients 
undergoing septorhinoplasty under controlled hypotension. 
During minimal-flow anaesthesia, the NIRS method can be 
used as a trend monitor.

We concluded that minimal-flow anaesthesia can be used as 
safely as the high-flow applications, and it does not have a signif-
icant difference in cerebral oxygen saturation. However, further 
studies are required in special patient groups with pathologies, 
such as carotid artery stenosis or traumatic brain injury.
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