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Background: Reduction of anesthesia cost has become a necessity, especially in developing countries.
Recently, automated control of end-tidal sevoflurane concentration (EtSev) has been proposed as a
new technique with both cost-effectiveness and safety profiles. In this study, sevoflurane consumption
(primary outcome variable) was evaluated during living donor hepatectomy using automated control
of EtSev (EtC) at fresh gas flow (FGF) of 0.5 and 2 L/min compared to manual control (MC) technique
at FGF of 2 L/min.
Materials and methods: Prospective, randomized, controlled trial including 60 Potential donors scheduled
for living donor right hepatectomy. patients were randomized into 3 equal groups (according to target
control of sevoflurane), MC group, EtC-2L group, and EtC-0.5L group. In MC group: FGF was set to 2 L/
min, inspired concentration of Sevoflurane (FiSev) was set to 1.5–2% in 0.4 fractional inspired oxygen
concentration (FiO2), while in EtC-2L group: FGF was set to 2 L/min, EtSev was set to 1–1.5% with end
tidal oxygen concentration (EtO2) target of 0.35. In EtC-0.5L group, FGF was set to minimal flow and
EtSev target to 1–1.5% and EtO2 target of 0.35. Anesthetic gases consumption (sevoflurane ml, Oxygen
L, and air consumption L) per anesthesia hour were recorded at the end of surgery. Other recorded data
included intraoperative hemodynamics, the number of user adjustments, and extubation time.
Results: Significant reduction in sevoflurane consumption when EtC-0.5L is used (4.2 ± 1.3 ml/h,
12.6 ± 2.6 ml/h, and 15 ± 2.9 ml/h respectively, p. 0.001). Also, a significant decrease in overall numbers
of user adjustments between the three groups (8 times for EtC-0.5L group, 7 times in EtC-2L group, 22
times for MC group, p. 0.008) was observed.
Conclusion: automated control of EtSev during anesthesia of living donor hepatectomy significantly low-
ers sevoflurane consumption and decreases required user interventions without deleterious effect on
patient safety.
� 2017 Publishing services by Elsevier B.V. on behalf of Egyptian Society of Anesthesiologists. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Economic load of health care including costs for anesthesia
delivery has been increasing. Facing the global economic con-
straints, reduction of anesthesia cost has been a necessity [1,2].
Inhalational anesthetics accounts for 20% of the cost related to
anesthetic drug costs [3,4]. Recently, End-tidal control (EtC) of
sevoflurane anesthesia has been proposed as a new technique
applying for both cost-effectiveness and safety concerns. Addition-
ally, EtC mode requires less anaesthesiologist interventions;
expressed mostly as press-buttons, which was an extra burden
when minimal or low flow anesthetic technique is applied espe-
cially in long surgeries [5].

Classically, the inspired concentration of inhalational anes-
thetic, fresh gas flow rate (FGF), and inspired concentration of oxy-
gen (FiO2) are manually modified by anesthesiologists according to
operative findings. New anesthetic machines; Drager Zeus, GE
Aisys, and Maquet flow-I, incorporated a closed loop system, in
which the target end-tidal anesthetic concentration, minimum
flow rate, and target end-tidal oxygen concentration (EtO2) are
set, then the machine automatically modifies inspired agent and
fio2 to maintain end-tidal concentrations determined by the anes-
thesiologist. This is assumed to lower anesthetic gases consump-
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tion with more stable brain concentration resulting in less required
anesthesiologist interventions to modify either inhaled anesthetic
or oxygen concentrations [5–7].

Most of the studies that investigated EtC were conducted for
relatively short period surgeries and non-homogenous patients
[6,8–12]. In our study, we applied EtC mode (Aisys CS2 anesthesia
delivery systems, USA) during living donor right hepatectomy
where the average anesthetic duration is around 6 h [7,13]. This
offers an optimal situation to investigate the effects of the new
technique of inhalational anesthetic control. To our knowledge,
this is the first study that utilized automated end-tidal control
mode in such long surgery and homogenous patient population.

Gas sparing effect of EtC can be attributed to lower FGF applied
[3]. To investigate this point, this study applied ETC mode at two
different FGF rates (0.5 L/min in one group and 2 L/min in another
group). Both groups were compared to manual control (MC) group.
Sevoflurane consumption was evaluated as the primary outcome
variable while secondary variables included hemodynamic effects
and number of anesthesiologist interventions.
2. Materials and methods

After obtaining institutional review board approval (R-
15.12.84) and clinical trial registry (www.clinicaltrials.gov:
NCT02676934), a written consent was taken from donors sched-
uled for living donor hepatectomy from July 2015 to September
2016. Included patients were of either sex, aging from 20 to
45 years, body mass index (BMI) between 20 and 30 kg/m2, with
residual liver volume more than 500 g or 30% measured total liver
volume (calculated by computed tomography liver volumetry).
Patients were randomly allocated (using closed envelope tech-
nique in 4 blocks of 15) into three groups according to target con-
trol of sevoflurane; MC group n = 20 and EtC-2L group n = 20, and
EtC-0.5L (n = 20). Fig. 1.

Patients were assessed according to local policy of our liver
transplantation program. Prior to induction of Anesthesia, patients
were monitored for electrocardiography (ECG), non-invasive blood
pressure (NIBP), peripheral oxygen saturation (Spo2). Pantoprazole
40 mg and Midazolam 3 mg were injected intravenously as a
premedication. After preoxygenation, anesthesia induction was
done by intravenous injection of 1–2 mg/kg propofol 1% (Propo-
fol 1%, Fresenius) till loss of verbal contact, 2 mg/kg fentanyl citrate
(Fentanyl-Janssen) and 0.9 mg/kg rocuronium bromide (Esmoron,
Organon). Anesthesia was maintained with sevoflurane (sevoflu-
rane, Abbott) to obtain a bispectral index (BIS) value between 40
and 60 (BIS View Monitoring System, Aspect Medical System, Nor-
wood, MA, USA). Muscle relaxation was ensured by intravenous
infusion of rocuronium (0.6 mg/kg/h) to maintain 0–2 train-of-
four responses of the adductor pollicis muscle after the stimulation
Figure 1. Study
of the ulnar nerve throughout Anesthesia (TOF, Aisys Anesthesia
Care station). Intraoperative analgesia provided during anesthesia
with IV infusion of fentanyl (1 mg/kg/h). Core body temperature
(esophageal probe) was kept above 36 �C and EtCO2 was main-
tained between 30 to 35 mmHg. Inspired sevoflurane concentra-
tion (FiSev), end-tidal concentration of sevoflurane (EtSev),
inspired fraction of oxygen (FiO2), end-tidal fraction of oxygen
(EtO2), end-tidal carbon dioxide concentration (EtCO2) were con-
tinuously monitored.

Immediately after intubation, patients were connected to anes-
thesia machine and anesthesia gas delivery adjusted according to
allocated group to keep BIS between 40–60. In MC group: FGF
was set to 2 L/min, FiSev was set to 1.5–2% with FiO2 of 0.4. In
EtC-2 group: FGF was set to 2 L/min, EtSev was set to 1–1.5% with
FiO2 of 0.35. In EtC-0.5 group, FGF was set to min flow (0.5 L/min),
EtSev was set to 1–1.5% with FiO2 of 0.35. Immediately after skin
closure, Sevoflurane was stopped and a FGF of 6 L/min was used till
extubation criteria are fulfilled.

In the case of increased HR or MAP by more than 20% of
patient’s baseline readings, sevoflurane concentration is increased
by 0.2% to a maximum EtC of 2% or FiSev of 3% according to the
study group. If no response, a bolus of fentanyl 1 mcg/kg is
injected. Otherwise, incremental doses of propranolol 0.2 mg can
be used. If MAP falls by more than 20%, patient volume status
was assessed simultaneously with surgical field visual assessment
and communication with the surgical team. otherwise, 5 mg of
ephedrine can be injected intravenously. Atropine 0.5 mg was
given intravenously in the case of bradycardia.

Patient’s age, weight, height, basal heart rate (HR), basal mean
arterial pressure (MAP) were recorded. During surgery, HR, MAP,
BIS, anesthesia gas analysis data (FiSev, EtSev, FiO2, EtO2) were
recorded hourly. At the end of surgery, anesthesia duration, total
gas consumption (sevoflurane [ml/min], Oxygen [L/min], and air
consumption [L/min]) were obtained from machine log. Time from
terminating sevoflurane delivery until extubation was calculated
(extubation time). The number of interventions needed by anes-
thesiologist to modify target sevoflurane and/or FGF during anes-
thetic period was also recorded. The incidence of perioperative
hypoxia (Spo2 � 94%), hypercapnia (EtCO2 � 40 mmHg), and acci-
dental awareness during anesthesia (assessed by Brice interview
[14] on day 1 postoperatively) were recorded.
1.1. Statistical analysis

For Sample size assessment, authors used G⁄power software
version 3.1.10. Based on the results of a pilot study conducted on
similar group of patients in our program, comparing sevoflurane
consumption in 15 patients; 5 per group (7 ± 1 ml/h for EtC-0.5L
group, 12 ± 3 ml/h for EtC-2L group, 13 ± 3 ml/h for MC group), a
flow chart.
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total sample size of 60 patients was found sufficient for a study
power of 90% with alpha error of 0.05.

We used Statistical package for social sciences (SPSS) software
version 20 to tabulate and analyze recorded data. Continuous data
with a normal distribution as shown by Shapiro-Wilk test were
represented as mean ± SD, otherwise, Median [IQR] was used.
Nominal data and categorical data were presented as number (%).
Statistical differences between the three studied groups were
assessed using one-way ANOVA or Kruskal-Wallis H test as appro-
priate. Post hoc comparison was achieved by Tukey honestly sig-
nificant difference test.
2. Results

In this study, 60 patients were randomly divided into three
groups according to the technique of control of sevoflurane deliv-
ery. We did not found any statistically significant difference
between the studied groups regarding patient’s demographics,
basal hemodynamics (HR, MAP), anesthesia duration (Table 1).
Similarly, no difference was detected between intraoperative HR,
MAP, or BIS, Table 2.

Sevoflurane consumption was significantly lower in EtC-0.5L
group than in EtC-2L and MC groups (4.2 ± 1.3 ml/h,
12.6 ± 2.6 ml/h, and 15 ± 2.9 ml/h respectively, p. 0.001). Simulta-
neously, a significant decrease in overall numbers of user adjust-
ments between the three groups (8 times for EtC-0.5L group, 7
times in EtC-2L group, 22 times for MC group, p. 0.008) was
detected Fig. 2. Similarly, oxygen and air consumptions were sig-
nificantly lower in both EtC-0.5L group and EtC-2L group than in
MC group (p-value 0.00), Fig. 2. Consequently, anesthesia-related
cost was significantly lower in EtC-0.5L group than both EtC-2L
and MC groups (0.03 ± 0.01 $/min for EtC-0.5L group, 0.13 ± 0.2
$/min in EtC-2L group, 0.14 ± 0.3 $/min for MC group, p. 0.002)
Fig. 3. As in Fig. 2, time needed to extubation was not statistically
different in the 3 groups. No perioperative Hypoxia, hypercapnia,
awareness episodes were recorded in the three groups.
3. Discussion

Anesthesiologists have to choose most cost-effective anes-
thetic technique without compromising service quality or patient
safety. A large part the anesthetic drug budget is related to the
cost of consumed inhaled anesthetic [3,15,16]. In our study, Mean
Sevoflurane consumption per anesthesia hour was significantly
lower when EtC was applied. Manufacturers of anesthesia machi-
nes have been trying to decrease the cost of modern inhalational
agents like desflurane and sevoflurane. The use of low flow during
sevoflurane anesthesia has been considered as a way to decrease
the anesthesia related expenditure [7,8]. Although a small num-
ber of studies investigated EtSev as a target for maintenance of
inhalational anesthesia, this mode is offered as a promoted eco-
Table 1
patient characteristics in the studied groups, data is presented as mean ± SD.

MC group
n = 20

E
n

Age (years) 29 ± 8 2
Weight (kg) 77 ± 2 7
Height (cm) 165 ± 10 1
BMI (kg/m2) 27 ± 2 2
Basal HR (bpm) 81 ± 17 8
Basal MAP (mmHg) 88 ± 11 8
Anesthesia duration (min) 390 ± 85 3

BMI, body mass index, HR: heart rate, bpm: Beat per minute, MAP: Mean arterial pressu
*P value is considered significant if less than 0.05.
nomic delivery technique in which gas flow and vaporizer output
are modified to reach the chosen end-tidal concentration
[4,5,9,17]. Donor hepatectomy is an optimal surgery to investigate
automate control of EtSev because inhalational anesthesia is the
preferred method for anesthesia maintenance in most transplant
centers. Also, the surgery is lengthy enough to clarify the postu-
lated economic effect [18].

Our study showed that sevoflurane consumption and required
user interventions were significantly lower when EtC mode is
applied. Likewise, advantages of EtC mode have been shown in sev-
eral trials. The randomized trial of Potdar and his co-workers com-
pared sevoflurane consumption in two groups, 100 patients each,
using EtC and MC. Sevoflurane consumption was significantly
lower in EtC group [19]. In the same study, Potdar reported a lower
number of adjustments in automated mode group rather than the
MC group. Similarly, Tay and his colleagues demonstrated 27%
reduction in costs of inhalational anesthetics when Et-control
mode was introduced to a teaching hospital in Australia [20]. The
impact of adding EtC software was investigated by Singaravelu
and his colleagues [12]. They found lower gas consumption when
EtC was applied in comparison to FGF control without reaching
statistical significance, which may be explained by the shorter
duration of anesthetic procedure than in our study.

However, Lucangelo and his colleagues did not show any signif-
icant decrease in sevoflurane consumption when EtC is applied in
comparison to MC [6]. In their protocol, both manual and auto-
mated control groups targeted a fixed Et-Sev level with a FGF at
1 L/min in both study groups. This might explain why sevoflurane
uptake was nearly equal especially. The same study [6] demon-
strated benefits of EtC mode like similar efficiency, hemodynamic
stability, and lower interventions.

An important concern during EtC of sevoflurane application is
the safety issues. In our study, we did not record any perioperative
complications in any of the study groups. When using EtC, the
anesthesiologist sets the EtO2, minimum flow rate and target EtSev
concentration [21]. The system monitors these concentrations and
automatically adjusts FGF and anesthetic concentrations to ensure
maintained patient’s uptake. Multiple protective safety mecha-
nisms are integrated into Et-control including minimal flow rate,
system checks, fresh gas sampling checks every 3 min, and leak
checks. Indirectly, minimizing the need for user intervention can
decrease the workload on the attending anesthesiologists, thus
decrease complications related to fatigue [22].

Anesthetic agent consumption is related to FGF [15,3,23]. In our
study, the effect of different was eliminated through comparison
between EtC-2L group in which FGF was set to 2 L/min like in
MC, while in EtC-0.5L group the machine fully controlled the FGF
and Fisev to reach target EtSev and EtO2. Results are shown in
Fig. 2 illustrated that targeting EtSev lowers gas consumption even
at the same FGF; a privilege that is maximized by allowing the
machine to control both FGF and inhaled anesthetic concentration
in fully automated mode (EtC-0.5L). This finding is similar to
tC-2L group
= 20

EtC-0.5L group
n = 20

P

7 ± 8 30 ± 7 0.47
8 ± 5 74 ± 9 0.09
67 ± 9 172 ± 11 0.155
6 ± 3 25 ± 4 0.11
3 ± 21 87 ± 7 0.588
7 ± 21 89 ± 7 0.94
99 ± 47 380 ± 55 0.7

re.



Table 2
Intraoperative monitoring (HR, MAP, BIS) among the two studied groups; MC group (n = 20), EtC-2L group (n = 20), EtC-0.5L group (n = 20). Data are presented as mean ± SD.

HR (bpm) MAP (mmHg) BIS

MC group
n = 20

EtC-2L
group
n = 20

EtC-0.5L
group n = 20

P MC
groupn = 20

EtC-2L
group
n = 20

EtC-0.5L
group n = 20

P MC
groupn = 20

EtC-2L
group
n = 20

EtC-0.5L
group n = 20

P

Induction 37 ± 14 78 ± 20 87 ± 5 0.046 89 ± 9 79 ± 18 85 ± 13 0.37 N/A N/A N/A N/A
15 min 80 ± 15 84 ± 20 87 ± 5 0.39 86 ± 15 89 ± 14 83 ± 30 044 47 ± 3 54 ± 9 50 ± 4 0.48
30 min 83 ± 14 81 ± 17 87 ± 3 0.54 84 ± 11 86 ± 16 84 ± 6 0.41 48 ± 4 53 ± 9 51 ± 5 0.06
1st hour 79 ± 11 84 ± 15 87 ± 4 0.56 88 ± 6 86 ± 12 84 ± 8 0.06 51 ± 4 53 ± 10 50 ± 4 0.44
2nd hour 80 ± 8 88 ± 15 84 ± 11 0.21 83 ± 10 87 ± 7 86 ± 6 0.37 52 ± 5 53 ± 8 48 ± 2 0.02*

3rd hour 81 ± 7 86 ± 13 85 ± 4 0.28 86 ± 5 89 ± 8 83 ± 5 0.36 53 ± 5 52 ± 7 49 ± 3 0.03
4th hour 84 ± 7 87 ± 10 88 ± 6 0.24 82 ± 4 89 ± 11 85 ± 3 0. 16 57 ± 7 52 ± 9 52 ± 1 0.12
5th hour 81 ± 9 87 ± 11 83 ± 6 0.37 87 ± 8 88 ± 6 87 ± 14 0. 16 53 ± 9 52 ± 9 51 ± 1 0.33
6th hour 88 ± 10 91 ± 12 89 ± 4 0.61 86 ± 7 84 ± 9 86 ± 4 0.655 51 ± 6 52 ± 7 49 ± 6 0.32

SD: standard deviation, HR; Heart rate, BPM: beat per minute, MAP, Mean arterial pressure, BIS; Bispectral index.
* P value is considered significant if less than 0.05.

Figure 2. Anesthetic gas consumption, button presses and extubation time for the 3 studied groups. P value is significant if less than 0.05. *Indicates significant difference
between EtC-0.5L group and another group. #Indicates significant difference between EtC-2L group and another group.

Figure 3. Sevoflurane-related costs in the studied groups. P value is significant if less than 0.05. *Indicates significant difference between EtC-0.5L group and an another
group. #Indicates significant difference between EtC-2L group and another group.

236 A. Kandeel et al. / Egyptian Journal of Anaesthesia 33 (2017) 233–237
results of two studies that investigated anesthetic gas consump-
tion between EtC and MC mode at the same FGF [9,19].
The economic value of EtC mode must be weighed against the
costs of acquiring an anesthesia machine with the mentioned
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mode or adding the new module to an old machine. As mentioned
earlier, new anesthesia machines mostly have the automatedmode
as a built-in feature that offers no extra burden during purchasing
the machine.

Applying our results, the use of EtC mode can save around 11 ml
of sevoflurane/hour (5.28 $/anesthesia hour according to 2015
prices) supposing that a FGF of no more than 2 L/h is applied. By
a simple equation, yearly savings for a machine that works 6 h
daily, 5 days a week, will be over 8000 $.

The inevitably single blinded study design is a considered a lim-
itation in this study, as authors could not figure a practical way to
blind responsible anaesthetist to the used mode of inhalational
anesthesia control. The economic effect of EtC mode cannot be
extrapolated to its use with isoflurane because of its significantly
lower price. However, EtC of isoflurane can be used even if with
lower savings.
4. Conclusion

Automated EtC of sevoflurane-based anesthesia has a potential
clinical and economic benefits. We could not detect additional haz-
ard over patient safety. The use of EtC mode shall be encouraged if
available. Further studies may be required to establish its safety
and economic benefits.
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