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Abstract
Background: In general anaesthesia practice a fresh gas flow (FGF) of ≥0.5 L/min 
is usually applied. Automated gas delivery devices are developed to reduce volatile 
anaesthetic consumption by limiting gas flow. This study aimed to compare desflu-
rane consumption between automated gas control devices compared to conventional 
low flow anaesthesia in the Flow- I and Aisys anaesthesia machines, and to compare 
desflurane consumption between the two automated gas delivery devices. We hy-
pothesised that desflurane consumption would be lower with automated gas delivery 
compared to conventional low flow anaesthesia, and that desflurane consumption 
could differ between the different gas delivery devices.
Methods: We allocated 160 patients undergoing robot- assisted laparoscopic sur-
gery into four groups, Flow- I with automated gas control, Flow- i with conventional 
low- flow (1 L/min), Aisys with end tidal gas control and Aisys with conventional low 
flow. Patients were maintained at minimum alveolar concentration (MAC) 0.7- 0.8. 
Desflurane consumption was recorded after 9, 30 and 60 minutes of anaesthesia.
Results: After 60 minutes, compared to conventional low flow anaesthesia, auto-
mated gas delivery systems reduced desflurane consumption from 25.8 to 15.2 mL 
for the Aisys machine (P < .001) and from 22.1 to 16.8 mL for the Flow- I (P < .001). 
Time to MAC 0.7 and stable FGF was shorter with Aisys endtidal control compared 
to Flow- I automated gas control.
Conclusion: Under clinical conditions, we found a reduction in desflurane consump-
tion when using automated gas delivery devices compared to conventional low flow 
anaesthesia. Both devices were reliable in use.

Editorial Comment

The delivery of volatile anesthetics by anesthesia machines is dependent on fresh gas anes-
thetic concentration and fresh gas flow. These findings demonstrate that the amount of desflu-
rane during conventional low flow anaesthesia can be reduced further by utilizing automated 
gas delivery control systems.
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1  | INTRODUC TION

Baker's modified classification defines low flow anaesthesia as 
fresh gas flow (FGF) rates in anaesthetic circuits <1 L/min.1 The 
advantages of low (0.5- 1 L/min) and minimal (0.25- 0.5 L/min) flow 
general anaesthesia are well known,2- 8 yet use of higher flows is 
still common. Advantages with the use of low flow general anaes-
thesia are reduced loss of heat and moisture9- 13 and reduction in 
consumption of volatile anaesthetics, which is important for both 
economic and environmental reasons.9 Despite that low flow an-
aesthesia has been utilised for several decades, anaesthesia with 
a gas flow >1 L/min is still in use.7,10,13 Reasons for FGFs >1 L/min 
may be fear of patient awareness, or lack of training in low or mini-
mal flow anaesthesia.

The manufacturers of anaesthesia machines have introduced au-
tomated gas control devices constructed to deliver stable oxygen 
and volatile anaesthetic concentrations during anaesthesia. The de-
vices ensure safe delivery of volatile anaesthetics and oxygen during 
low or minimal flow anaesthesia.14 However, since the introduc-
tion of automated gas control delivery systems only a few studies 
have investigated functionality and effects on volatile anaesthetic 
consumption.14- 20

The aim of this study was to compare the consumption of 
desflurane delivered with and without the use of automated gas 
control (AGC) Flow- I or end- tidal gas control Aisys gas control 
delivery systems. We also compared volatile anaesthetic con-
sumption between the two different automated anaesthetic gas 
control systems used in the study, the time it took to reach a 
minimum alveolar concentration of 0.7 and the time to reach a 
FGF of 0.5 L/min. We hypothesised that both gas delivery de-
vices would reduce desflurane consumption compared to tradi-
tional low flow anaesthesia. In addition, we hypothesized that 
due to the different algorithms in the two gas delivery devices, 
the desflurane consumption during anaesthesia could differ be-
tween the devices.

2  | METHODS

2.1 | Ethics

The study was a single centre, prospective, randomized study 
performed at St. Olav's University Hospital, a 737- bed refer-
ral hospital. The Regional Ethics Committee of the Health Region 
South- East, Norway considered the investigation as a quality con-
trol study according to Norwegian law (Act on medical and health 
research, §§ 2 and 4), and had no objections against the study 
(REK 2015/2132, 17.12.2015). The data protection officer of St. 
Olav's University Hospital in Trondheim approved the study (ESA 
16/1920- 6, 24.02.2016). The study is registered in ClinicalTrials.gov 
(NCT02774031, 16.05.2016). All patients gave oral and written in-
formed consent prior to the study.

2.2 | Patients

Patients scheduled for robot- assisted laparoscopic prostatectomy, 
robot- assisted laparoscopic cystectomy, or robot- assisted laparo-
scopic gynaecological surgery were screened for inclusion by a sin-
gle anaesthesiologist (DM). Patients with cognitive failure which 
compromised the ability to give informed consent, pregnancy, age 
under 18 years or American Society of Anaesthesiologists’ physical 
status classification system (ASA) IV- V, were not eligible for the study. 
Included patients were excluded from the study if surgical problems 
made it impossible to complete the operation with robot assisted sur-
gery, or due to technical problems with the anaesthesia machine.

2.3 | Randomization

The patients were randomized to one of four groups. The ran-
domization was performed by a web- based randomization sys-
tem developed and administered by the Faculty of Medicine and 
Health Sciences, Norwegian University of Science and Technology, 
Trondheim, Norway (https://www.klinf orsk.no).

Group 1 was anaesthetised using the Aisys anaesthesia machine 
(Aisys, GE Healthcare) with end- tidal (Et) control (Aisys Et- control 
group). The ventilation mode was pressure controlled ventilation 
with volume guarantee. Settings for tidal volume (TV), positive 
end expiratory pressure (PEEP) and respiration rate (RR) were TV 
7- 9 mL/kg body weight (BW), RR 12- 14/min, and PEEP 8- 10 cmH2O. 
Target for end expired desflurane concentration (FAdes) was set to 
achieve an age adjusted minimum alveolar concentration (MAC) of 
0.7- 0.8, and target for FAO2 was set to 35%.

Group 2 was anaesthetised using the Aisys anaesthesia machine 
without Et- control (Aisys conventional ventilation group). The ven-
tilation mode was the same as for group 1. After intubation, the pa-
tients received a FGF of 5 L/min, and the desflurane vaporizer was 
set at 6 volume % for 5 minutes. Thereafter the FGF was reduced to 
1 L/min and the vaporizer setting was manually adjusted to keep an 
age adjusted MAC of 0.7- 0.8. Oxygen concentration was set to 50%, 
in accordance with routine practice. A FGF of 1 L/min was chosen, as 
this is the routine FGF used for low flow anaesthesia in our hospital.

Group 3 was anaesthetised using the Flow- I anaesthesia ma-
chine (Flow- I, Maquet) with AGC (Flow- I AGC group). The ventila-
tion mode was pressure regulated volume control with TV 7- 9 mL/kg 
BW, RR 12- 14/min, and PEEP 8- 10 cmH2O. Target for FAdes was set 
to achieve an age adjusted MAC of 0.7- 0.8, and target for inspired 
oxygen (FiO2) was set to 40%.

Group 4 was anaesthetised using the Flow- I anaesthesia machine 
without AGC (Flow- I conventional group). The ventilation mode was 
the same as for group 3. After intubation the patients were given a 
FGF of 5 L/min, and the desflurane vaporizer was set at 6 volume 
% for 5 minutes. Thereafter the FGF was reduced to 1 L/min and 
the vaporizer setting was manually adjusted to keep an age adjusted 
MAC of 0.7- 0.8. Oxygen concentration was set to 50%.

https://www.klinforsk.no


     |  3MOSTAD eT Al.

2.4 | Interventions

All patients were treated in accordance with the standard proce-
dure for the relevant operation. This included the use of the DaVinci 
Robot (Intuitive Surgical), steep Trendelenburg position (30 degrees 
head down) for at least 1 hour and pneumoperitoneum. Desflurane 
was chosen as this is the volatile anaesthetic agent used routinely 
at our department. Likewise, a FGF of 1 L was chosen as this is our 
standard for low flow anaesthesia.

All patients received oral oxycodone slow release (10mg), oral 
dexamethasone (8 mg <70 kg or 12 mg >70 kg BW), and oral parac-
etamol (1.5 g < 70 kg or 2 g > 70 kg BW) 1 hour prior to surgery. 
Ringer's acetate solution 1000 mL was started after establishing 
venous access. Propofol 2 mg/kg, fentanyl 0.1- 0.15 mg and remifen-
tanil 0.1 µg/kg/min were used for induction of general anaesthesia. 
A non- depolarizing neuromuscular blocking agent was given to facil-
itate intubation, with an additional maintenance dose if necessary. 
Mechanical ventilation was activated immediately after securing the 
airway. Anaesthesia was maintained with desflurane and a continu-
ous infusion of remifentanil. Desflurane administration was started 
immediately after mechanical ventilation was started.

Patients undergoing cystectomy received an epidural catheter 
before induction of general anaesthesia. The epidural analgesia was 
activated at the start of the surgical procedure. Patients undergoing 
prostatectomy and gynaecological surgery received a transversus 
abdominis plane block after induction.

The gas control system in the Aisys machine is based on Et- control 
of oxygen and the volatile anaesthetic agent.21 The Et- control feature 
must be specifically activated. The anaesthesiologist targets the Et ox-
ygen (FAO2) and Et anaesthetic agent gas concentration (FAagent). At 
any deviation between measured and set values for oxygen and vol-
atile anaesthetic, the feedback loop of the system will automatically 
change the FGF, oxygen and volatile anaesthetic delivery to maintain 
the set values. The default setting for FGF is 0.5 L/min in the Et- control 
modus. The AGC system in the Flow- I machine must also be activated 
by the anaesthesiologist.22 This system controls the oxygen concen-
tration on the inspiratory side of the anaesthetic circuit while the an-
aesthetic gas concentration is controlled on the expiratory side. The 
anaesthesiologist targets the inspired oxygen concentration (FiO2) and 
the FAagent. With this device, the anaesthesiologist can also regulate 
the time it takes to reach the desired target concentrations between 
1 and 9, where 1 is the slowest and 9 is the fastest speed. We choose 
speed 6 in our study. Deviation between measured and set values for 
oxygen and volatile anaesthetic are regulated via a feedback loop of 
the system. FGF will automatically change to maintain the set values 
for oxygen and the volatile anaesthetic agent. The default setting for 
FGF in the AGC modus is 0.3 L/min.

2.5 | Data collection

The demographic and clinical variables gender, age, BMI and ASA 
classification were registered. Variables related to surgery were type 

of surgery and duration of the surgical procedure. Oxygen saturation 
was monitored during the procedure.

2.6 | Outcome measures

The primary outcome measure was the consumption of desflurane, 
measured in mL of liquid agent. The consumption was recorded at 
9, 30 and 60 minutes after initiation of desflurane delivery. The 
sampling point at 9 minutes was set based on a study that inves-
tigated the wash- in time for desflurane in a test- lung device.19 The 
sampling point at 30 minutes were set for the investigation of a pos-
sible reduction in gas consumption over time. Secondary outcomes 
were time to reach MAC 0.7 and time to reach a FGF of 0.5 L/min 
when using the Flow- I AGC and Aisys Et- control the first 60 min-
utes. Desflurane consumption data were recorded manually from 
the anaesthesia machine after 9, 30 and 60 minutes. The time to 
reach 0.7 MAC and a FGF of 0.5 L/min were recorded manually from 
the anaesthesia machine immediately after the end of anaesthesia.

2.7 | Statistical methods

Data are summarized as means (SD), medians (range) or frequencies 
(%) as appropriate. The volatile anaesthetic consumption in the four 
groups (Aisys Et- control group, Aisys conventional ventilation group, 
Flow- I AGC group and Flow- I conventional ventilation group) were 
compared by using linear regression, adjusting for age and gender. 
Separate linear regression models were fitted for the data at 9, 30 
and 60 minutes. Mann- Whitney U tests were used to compare the 
time to reach MAC 0.7 or more between groups and for the time to 
reach stable FGF in the groups with automatic gas delivery devices. 
P- values <.05 were considered statistically significant. The data 
were analysed with the SPSS software Version 23 (IBM).

2.8 | Sample size estimation

The determination of the sample size was based on a pilot study in 
which 10 patients were included. The pilot study showed that the 
use of Aisys Et- control with a FGF of 0.5 L reduced desflurane con-
sumption by 20%- 25% compared to conventional use of the Aisys 
machine without Et- control and a FGF of 1 L. The estimated SD was 
3 mL. We considered a difference in desflurane consumption of 4 mL 
to be clinically significant. To detect a difference of 4 mL, which cor-
responds to a 22% reduction from a consumption of 18 mL, between 
two groups by a two- sample t- test, with SD = 3 mL, α = 0.05 and a 
power of 0.80, 10 patients would have had to be included in each 
of the two groups. Thus, a total of 40 patients would be needed for 
the two machines and devices. In order to protect against a potential 
non- normal distribution, potential drop- outs and the adjustment for 
age and gender in a linear regression model, including 40 patients in 
each group (a total of 160 patients) was considered to be sufficient.
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3  | RESULTS

One hundred and sixty patients were included in the study between 
April 2016 and March 2017. Thirteen patients were excluded after 
inclusion (Figure 1). Results from the remaining 147 patients were 
included in the analyses. Mean age of all patients included in the 
analyses were 60 (SD: 12) years, 50% were male, median BMI was 
26.8, and 9, 103, and 35 patients were ASA 1, 2 or 3 respectively. 
Baseline patient characteristics and data on surgical procedures for 
each of the study groups are given in Table 1.

The mean desflurane consumption after 60 minutes were 16.8 
(SD: 3.4) mL of liquid agent with AGC, 15.2 (SD: 1.8) mL with Et- 
control, 22.1 (SD: 1.7) mL without AGC and 25.8 (SD: 1.1) mL without 

Et- control. All results after 9, 30 and 60 minutes are given in Table 2. 
There were decreases in desflurane consumption at all time- points 
when an automated gas delivery device was used compared to con-
ventional low flow anaesthesia. The difference was present for both 
anaesthetic machines (Table 2). In addition, the use of the Aisys Et- 
control device resulted in lower desflurane consumption after 9 and 
30 minutes of desflurane administration compared to the Flow- I 
AGC device. However, after 60 minutes there was no significant 
difference in desflurane consumption between the two anaesthetic 
machines (Table 3).

The mean time to reach a MAC of 0.7 with automated gas de-
livery devices was longer with the AGC Flow- I (6.5 (4.7) minutes) 
than with the Et- control Aisys device (3.6 (2.2) minutes). There was 

F I G U R E  1   Flow chart for included and 
excluded patients. With AGC, Maquet 
Flow- I with Automatic gas control 
device; With Et- c, GE Healthcare Aisys 
with end- tidal control device; Without 
AGC, Maquet Flow- I without Automatic 
gas control device; Without Et- c, GE 
Healthcare Aisys without end- tidal control 
device

     

Maquet Flow-i n = 80 GE Healthcare Aisys n = 80 

With AGC n =40 
 

Without AGC n = 40 With Et-c n = 40 Without Et-c n = 40 

Randomized n = 160 

Analysed (n=38) 
Excluded (n=0) 

Analysed (n=38)     
Excluded (n=0) 

 

Analysed (n=37)     
Excluded (n=0) 

Analysed (n=34)     
Excluded (n=0) 

67 pa�ents excluded 
   1 declined to par�cipate 
66 inves�gator not available 

Assessed for eligibility 227 pa�ents 
 

Excluded n = 2       
1 no indica�on  
   for surgery                    
1 lack of �me 

Excluded n = 2          
1 emergency surgery 
1 technical problems 
   with the robot 

Excluded n = 3            
1 other disease                         
1 lack of �me              
1 converted to open  
   surgery 

Excluded n = 6                                      
1 technical problems with  
   data transfer                                       
1 technical problems with the    
   robot                                             
4 converted to open surgery 

Lost to follow up n = 0 
Discon�nued interven�on n = 0 Lost to follow up n = 0 

Discon�nued interven�on n = 0 

 

TA B L E  1   Baseline patient characteristics and data of surgical procedures

All patients Without AGC With ACG With Et- control
Without 
Et- control

147 38 38 37 34

Gender m/f 73/74 17/21 26/12 14/23 16/18

Age 60 (12) 59 (11) 62 (12) 63 (14) 59 (11)

BMI 26.8 (18.4- 42.7) 27.1 (18.4- 42.7) 27.6 (19.3- 40) 26.4 (20.3- 37) 26.7 (18.4- 40.7)

ASA 2 (1- 3) 2 (2- 3) 2 (2- 3) 2 (1- 3) 2 (1- 3)

ASA 1 9 (6.1%) 0 0 2 (5.4%) 7 (20.6%)

ASA 2 103 (70.1%) 24 (63.2%) 30 (78.9%) 29 (78.4%) 20 (58.8%)

ASA 3 35 (23.8%) 14 (36.8%) 8 (21.1%) 6 (16.2%) 7 (20.6%)

Type of surgery

Robot prostatectomy 55 (37.4%) 15 (39.5%) 22 (57.9%) 9 (24.3%) 9 (26.5%)

Robot cystectomy 19 (12.9%) 2 (5.3%) 4 (10.5%) 6 (16.2%) 7 (20.6%)

Robot gynaecology 73 (49.7%) 21 (55.2%) 12 (31.6%) 22 (59.5%) 18 (52.9%)

Duration of surgery (min) 138 (76) 121 (64) 129 (65) 143 (72) 162 (98)

Note: Gender and type of operation are given as numbers in each group, age and duration of surgery are given as mean (SD), and BMI (body mass 
index) and ASA (physical status classification system by the American Society of Anaesthesiologists) are given as medians (min- max).
Abbreviations: AGC, automatic gas control; Et- control, end- tidal gas control; With AGC, Maquet Flow- I with automated gas control device; With Et- 
control, GE Healthcare Aisys with Et- control device; Without AGC, Maquet Flow- I without an AGC device; Without Et- control, GE Healthcare Aisys 
without Et- control device.
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also a time difference without the automatic gas control devices. 
The mean time to reach a MAC of 0.7 was 12.8 (SD: 10.9) minutes 
in Flow- I without AGC and 7.5 (SD: 11.9) minutes in Aisys without 
Et- control (P = .002). The end- tidal desflurane concentrations, mea-
sured in %, remained stable over time during the study period for 
both automated gas control devices and in the manual groups (data 
not shown).

The time to reach a FGF of 0.5 L with the use of an automatic gas 
control device was 22.0 (SD: 7.3) minutes in the Flow- I with AGC and 
4.4 (SD: 2.3) minutes in the Aisys with Et- control (P < .001).

4  | DISCUSSION

The results from this study showed a mean reduction in desflurane 
consumption of 10.3 mL with the use of the Aisys Et- control system 
compared to conventional low flow anaesthesia after 1 hour of des-
flurane anaesthesia. For the Flow- I anaesthetic machine, the mean 
reduction in desflurane consumption between the AGC device and 
conventional low flow was 5.4 mL after 1 hour.

Singaravelu and Barclay15 reported that the use of the Aisys Et- 
control reduced the consumption of both sevoflurane and desflu-
rane. Our results for the Aisys machine agree with these findings. 
Contrary to our and Singaravelu´s findings, Skalec et al18 found no 
difference in sevoflurane consumption between the two groups. 
Their study design was, however, different from ours as they used a 
higher FGF of 1.0 L/min, during stable anaesthesia compared to the 
FGF used in the present study. The FGF used by Skalec et al was the 
same as the FGF used for conventional manual low flow anaesthesia 
in the present study. Skalec et al also applied a higher MAC. These 
differences in study design may explain the different findings.

Our results also showed a difference in the desflurane con-
sumption between Aisys Et- control and Flow- I AGC after 9 and 
30 minutes. After 60 minutes there was no longer any evidence of a 
difference. We find this difference interesting. Reasons for the ob-
served difference in desflurane consumption may be that the time to 
reach the set values for desflurane with the Aisys Et- control machine 
is faster than with the Flow- I AGC, which results in a faster reduc-
tion of desflurane consumption with the Aisys device compared to 
Flow- I. An explanation for the lack of difference in desflurane con-
sumption after 60 minutes could be that the default FGF for Flow- I 
AGC was 0.3 L/min and for Aisys Et- control 0.5 L/min and, therefore, 
the desflurane consumption for the Aisys Machine with Et- control 
could be higher than for the Flow- I AGC over time.

We also observed a significant difference in the time needed 
to reach a MAC of 0.7 between the Aisys Et- control and Flow- I 
AGC devices as well as in the time to reach a FGF of 0.5 L/min. 
The estimated difference of 3 minutes in reaching a MAC of 0.7 
and 17.6 minutes in reaching a stable FGF may be explained by 
the fact that the Aisys Et- control and the Flow- I AGC are based 
on different algorithms.21,22 In the Flow- I AGC, the volatile anaes-
thetic agent is injected into the system during inspiration, while 
in the Aisys Et- control the fresh gas flows continuously through 
the vaporizer. Based on this, one could anticipate that the des-
flurane consumption would be lower when using the Flow- I AGC 
compared to the Aisys Et- control, an assumption different from 
our observation of lower desflurane consumption in the Aisys Et- 
control group. One explanation could be the set- up of speed 6 in 

TA B L E  2   Desflurane consumption (mL liquid) after 9, 30 and 60 min

Time

Desflurane consumption with 
automatic gas control devices

Desflurane consumption 
without automatic gas control 
devices Estimated difference in desflurane consumption between 

Flow- I without and with AGC and Aisys without and with 
Et- control (95% CI)Mean (SD) Mean (SD)

Flow- I AGC Aisys Et- c Flow- I Aisys Flow- I P- value Aisys P- value

9 min 7.0 (1.1) 5.2 (0.8) 8.2 (1.1) 9.8 (0.8) 1.3 (0.6 to 1.9) <.001 4.6 (3.9 to 5.2) <.001

30 min 11.9 (2.1) 9.7 (1.3) 14.3 (1.2) 16.5 (0.8) 2.5 (1.6 to 3.3) <.001 6.6 (5.7 to 7.5) <.001

60 min 16.8 (3.4) 15.2 (1.8) 22.1 (1.7) 25.8 (1.1) 5.4 (4.1 to 6.7) <.001 10.3 (8.9 to 11.6) <.001

Note: The observed gas consumption is summarized as mean (SD). The estimated differences are results from linear regression analysis adjusted for 
age and gender, and are given with 95% CI and P- values.
Abbreviations: With AGC, Maquet Flow- I with automated gas control device; With Et- c, GE Healthcare Aisys with end- tidal control device; Without 
AGC, Maquet Flow- I without automated gas control device; Without Et- c, GE Healthcare Aisys without end- tidal control device.

TA B L E  3   Estimated difference in desflurane consumption (mL 
liquid) between machines with automated gas control devices

Time

Estimated difference in desflurane 
consumption with automated gas control 
devices

Flow- I AGC vs Aisys Et- c

Estimate (95% CI) P- value

9 min 1.7 (1.1 to 2.4) <.001

30 min 1.9 (1.0 to 2.8) <.001

60 min 1.1 (−0.3 to 2.4) .215

Note: The estimated differences are results from linear regression 
analysis adjusted for age and gender, and are given with 95% CI and 
P- values.
Abbreviations: AGC, automatic gas control; Et- c, end- tidal gas control; 
With AGC, Maquet Flow- I with Automatic gas control device; With Et- c, 
GE Healthcare Aisys with end tidal control device.
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our study as Carette et al observed that the volatile anaesthetic 
consumption in Flow- I AGC is higher for speed 6 compared to 
speed 2.17 It is unclear whether the chosen speed for the Flow- I 
AGC had an impact on our results.

The difference in desflurane consumption is relevant for clini-
cal practice both for the important environmental aspect, as volatile 
anaesthetic agents released into the environment via the scaven-
ger system have a long half- life in the atmosphere,23,24 and be-
cause of costs. Automatic gas control devices may also contribute 
to a reduction in the loss of heat and moisture during mechanical 
ventilation.13,25,26

Strengths of the present study are the number of patients stud-
ied, and that the study was independent of and not funded by com-
mercial interests. It is also a strength that desflurane delivery was 
adjusted to a similar MAC to all patients. Thus, differences in desflu-
rane delivery was not influenced from variable need for depth of an-
aesthesia. Furthermore, one anaesthesiologist (DM) anaesthetised 
all patients. This ensured that all patients were treated similarly and 
strictly according to the study protocol. The FGF setting in the man-
ual groups may have inflicted on the differences seen in the time 
to reach 0.7 MAC between the manual and automatic gas control 
groups, and may thereby be a study limitation. Other limitations may 
be the choice of speed 6 on the Flow- I, the low number of registra-
tion time points, and that the study was not blinded. The fact that 
this was a single centre study also represents a possible limitation.

5  | CONCLUSIONS

In summary, our results showed that compared to conventional low 
flow anaesthesia, the use of automated anaesthetic gas delivery de-
vices reduced desflurane consumption. We also observed an inter-
esting reduction in desflurane consumption with the use of the Aysis 
Et- control device compared to the Flow- I AGC device after 9 and 
30 minutes of anaesthesia. After 60 minutes, this difference was, how-
ever, no longer significant. Both devices investigated seemed reliable.

ACKNOWLEDG EMENT
Departmental funding only.

CONFLIC T OF INTERE S T
The authors have no conflicts of interests.

ORCID
Dagmar Mostad  https://orcid.org/0000-0002-8802-6373 

R E FE R E N C E S
 1. Baker AB. Low flow and closed circuits. Anaesth Intens Care. 

1994;22:341- 342.
 2. Buchinger H, Kreuer S, Paxian M, Larsen R, Wilhelm W. Desflurane 

and isoflurane in minimal- flow anaesthesia. Anaesthesist. 
2006;55:854- 860.

 3. Baum J, Berghoff M, Stanke H- G, Petermeyer M, Kalff G. Low- flow 
anaesthesia with desflurane. Anaesthesist. 1997;46:287- 293.

 4. Baum J, Stanke H- G. Low flow and minimal flow anaesthesia with 
sevoflurane. Anaesthesist Suppl. 1998;47:S70- S76.

 5. Hönemann CW, Hahnenkamp K, Möllhoff T, Baum JA. Minimal- 
flow anaesthesia with controlled ventilation: comparison between 
laryngeal mask airway and endotracheal tube. Eur J Anaesthesiol. 
2001;18:458- 466.

 6. Nunn G. Low- flow anaesthesia. BJA Educ. 2008;8:1- 4. https://doi.
org/10.1093/bjace accp/mkm052

 7. Hönemann C, Hagemann O, Doll D. Inhalation anaesthesia with low 
fresh gas flow. Indian J Anaesth. 2013;57:345- 350.

 8. Horwitz M, Jakobsson JG. Desflurane and sevoflurane use during 
low-  and minimal- flow anesthesia at fixed vaporizer settings. 
Minerva Anestesiol. 2016;82:180- 185.

 9. Baxter AD. Low and minimal flow inhalational anaesthesia. Can J 
Anaesth. 1997;44:643- 653.

 10. Bilgi M, Goksu S, Mizrak A, et al. Comparison of the effects of low- 
low and high-  flow inhalation anaesthesia with nitrous oxide and 
desflurane on mucociliary activity and pulmonary function tests. 
Eur J Anaesthesiol. 2011;28:279- 283.

 11. Schober P, Loer SA. Closed system anaesthesia— historical aspects 
and recent developments. Eur J Anaesthesiol. 2006;23:914- 920.

 12. Brattwall M, Warrén- Stomberg M, Hesselvik F, Jakobsson J. Theory 
and practice of minimal fresh gas flow anesthesia. Can J Anesth. 
2012;59:785- 797.

 13. Vecil M, Di Stefano C, Zorzi F, Saltarini M, De Monte A. Low flow, 
minimal flow and closed circuit system inhalational anesthesia in 
modern clinical practice. Signa Vitae. 2008;3:33- 36. https://doi.
org/10.22514/ SV31.022008.7

 14. Lucangelo U, Garufi G, Marras E, et al. End- tidal versus man-
ually - controlled low- flow anaesthesia. J Clin Monit Comput. 
2014;28:117- 121.

 15. Singaravelu S, Barcly P. Automated control of end- tidal inhalation 
anaesthetic concentration using GE Aisys Carestation. Br J Anaesth. 
2013;110:561- 566.

 16. De Medts R, Carette R, De Wolf AM, Hendrickx JFA. Desflurane 
usage during anesthesia with and without N2O using FLOW- i auto-
matic gas control with three different wash- in speeds. J Clin Monit 
Comput. 2018;32:763- 769.

 17. Carette R, De Wolf AM, Hendrickx JFA. Automated gas control 
with the Maquet FLOW- i. J Clin Monit Compute. 2016;30:341- 346.

 18. Skalec T, Górecka- Dolny A, Zielinski S, Gibek M, Strózecki L, Kübler 
A. Comparison of anaesthetic gas consumption and stability of an-
aesthesia using automatic and manual control over the course of 
anaesthesia. Anaesthesiol Intensive Ther. 2017;49:34- 39.

 19. Jakobsson P, Lindgren M, Jakobsson JG. Wash- in and wash- out of 
sevoflurane in a test- lung model: a comparison between Aisys and 
FLOW- i. F1000Res. 2017;6:389. https://doi.org/10.12688/ f1000 
resea rch.11255.2

 20. Leijonhufud F, Jöneby F, Jakobsson JG. The impact of fresh gas flow 
on wash- in, wash- out time and gas consumption for sevoflurane 
and desflurane, comparing two different anaesthesia machines, a 
test lung study. F1000Res. 2017;6:1997. https://doi.org/10.12688/ 
f1000 resea rch.13064.2

 21. Nice, National Institute for Health and Care Excellence, Medtech 
Innovation Briefing. End- tidal Control software for use with Aisys 
closed circuit anaesthesia sytems for automated gas control during 
general anaesthesia. www.nice.org.uk/guida nce/mib10. Accessed 
September 16, 2014

 22. Maquet Getinge Group. Automatic Gas Control (AGC) Flow- i anes-
thesia delivery system. Maquet Ciritcal Care AB 2014. www.getin 
ge.com/sitea ssets/ produ cts- a- z/flow- i- anest hesia - machi ne/flow- 
i- broch ure- agc- mx- 6043- rev02 - en- nonus.pdf?discl aimer Accep 
ted=yes.

 23. Sulbaek Andersen MP, Sander SP, Nielsen OJ, Wagner DS, Sanford 
TJ Jr, Wallington TJ. Inhalation anaesthetics and climate change. Br 
J Anaesth. 2010;105:760- 766.

https://orcid.org/0000-0002-8802-6373
https://orcid.org/0000-0002-8802-6373
https://doi.org/10.1093/bjaceaccp/mkm052
https://doi.org/10.1093/bjaceaccp/mkm052
https://doi.org/10.22514/SV31.022008.7
https://doi.org/10.22514/SV31.022008.7
https://doi.org/10.12688/f1000research.11255.2
https://doi.org/10.12688/f1000research.11255.2
https://doi.org/10.12688/f1000research.13064.2
https://doi.org/10.12688/f1000research.13064.2
http://www.nice.org.uk/guidance/mib10
http://www.getinge.com/siteassets/products-a-z/flow-i-anesthesia-machine/flow-i-brochure-agc-mx-6043-rev02-en-nonus.pdf?disclaimerAccepted=yes
http://www.getinge.com/siteassets/products-a-z/flow-i-anesthesia-machine/flow-i-brochure-agc-mx-6043-rev02-en-nonus.pdf?disclaimerAccepted=yes
http://www.getinge.com/siteassets/products-a-z/flow-i-anesthesia-machine/flow-i-brochure-agc-mx-6043-rev02-en-nonus.pdf?disclaimerAccepted=yes
http://www.getinge.com/siteassets/products-a-z/flow-i-anesthesia-machine/flow-i-brochure-agc-mx-6043-rev02-en-nonus.pdf?disclaimerAccepted=yes


     |  7MOSTAD eT Al.

 24. Ryan SM, Nielsen CJ. Global warming potential of inhaled anesthet-
ics: application to clinical use. Anesth Analg. 2010;111:92- 98.

 25. Braz JRC, Braz MG, Hayashi Y, et al. Effects off different fresh 
gas flows with or without a heat and moisture exchanger on in-
haled gas humidity in adults undergoing general anaesthesia. Eur J 
Anaesthesiol. 2017;34:515- 525.

 26. Choi YJ, Min SH, Park JJ, Cho JE, Yoon SZ, Yoon SM. Comparison of the 
temperature and humidity in the anesthetic breathing circuit among 
different anesthetic workstations. Medicine. 2017;96(25):e7239. 
https://doi.org/10.1097/MD000 00000 00007239

How to cite this article: Mostad D, Klepstad P, Follestad T, 
Pleym H. Desflurane consumption with automated vapour 
control systems in two different anaesthesia machines. A 
randomized controlled study. Acta Anaesthesiol Scand. 
2021;00:1– 7. https://doi.org/10.1111/aas.13825

https://doi.org/10.1097/MD0000000000007239
https://doi.org/10.1111/aas.13825

