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Anesthesia; Background and objectives: Minimal-flow anesthesia provides various advantages, such as
Rebreathing; reduced environmental pollution, proper humidification and warming of anesthetic gases, and
Desflurane; reduced costs. The aim of this study was to compare the cost-effectiveness of minimal-flow
Sevoflurane sevoflurane and desflurane anesthesia and their effects on hemodynamics, postoperative recov-

ery, respiratory parameters, and liver and kidney functions.

Methods: A total of 60 ASA I-1l patients aged 18-70 years who underwent posterior spinal
instrumentation were included in the study. The patients were divided into Group S (sevoflurane)
and Group D (desflurane). After anesthesia induction, the gas flow was initiated at a rate of
4 L.min"" using a concentration of 8% in Group D and 3.5% in Group S, and the time to reach
0.8 MAC was recorded. The gas flow was then switched to minimal flow. Patient hemodynamic
and respiratory parameters, body temperatures and arterial blood gas levels were recorded.
The integrated pulmonary index (IPl) was monitored postoperatively. Biochemical findings were
recorded 12 hours after the operation. The amount of bleeding and blood transfused, and the
costs involved were calculated.

Results: The patients’ demographic characteristics, duration of surgery, hemodynamic param-
eters, IPI values, body temperatures, and arterial blood gas levels were similar at all time
points. Biochemical findings, amount of bleeding and amount of blood transfused were similar
between the two groups. The mean cost was lower in Group S than in Group D (p = 0.007).
Conclusion: The study found no significant difference in terms of reliability between minimal-
flow sevoflurane and desflurane anesthesia. Furthermore, the procedure was found to be more
cost-effective for Group S than for Group D.
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Introduction

Modern anesthesia machines possess advanced rebreathers
and gas analyzers. Using an anesthesia system equipped
with a rebreather, it is possible to reutilize the gas mixture
exhaled by the patient after eliminating the carbon dioxide
and ensure a flow of fresh oxygen to meet the metabolic
requirements of the body, along with a flow of volatile anes-
thetics. The low-flow anesthesia developed for this purpose
is defined as there administration of at least 50% of exhaled
gases to the patient through a rebreather system following
the elimination of carbon dioxide.’

Low-flow anesthesia (1 L.min™") provides important
advantages, such as reduced anesthetic gas consumption,
reduced environmental pollution, and proper humidification
and warming of anesthetic gases. Moreover, it minimizes
the concentration of waste gases and the level of chronic
exposure to volatile anesthetics and reduces costs. Minimal-
flow anesthesia, which involves decreasing the flow of fresh
gas to 500 mL.min' (0.5 L.min"), further increases these
advantages.? Owing to their low solubility, sevoflurane and
desflurane rapidly attain sufficient alveolar concentration
and can be used safely in minimal-flow anesthesia.>*

The aim of our study was to compare the effect
of minimal-flow sevoflurane versus desflurane anesthesia
during posterior spinal instrumentation on the patient’s
hemodynamics, blood gas levels, postoperative recovery,
respiratory system, liver and kidney functions, and costs.

Methods

This prospective randomized controlled study was approved
by the Ethics Committee of the Fatih Sultan Mehmet Health
Application and Research Center (FSM EAH 2016/11) and was
conducted according to the ethical principles of the second
Helsinki Declaration.

A total of 60 American Society of Anesthesiologists (ASA)
physical status |-l patients aged 18-70 years who under-
went posterior spinal instrumentation planned between
June 2016 and March 2017 for spinal stenosis or spondy-
lolisthesis were included in the study. Informed consent
was obtained from all patients. The patients were ran-
domized using the closed envelope method and divided
into two groups: Group S (sevoflurane) (n = 30) and Group
D (desflurane) (n = 30). The patients were not informed
about the group they belonged to. Patients who require
surgery under emergency conditions, patients with malig-
nant hyperthermia history, patients addicted to alcohol or
other drugs, patients with chronic obstructive pulmonary
disease, coronary heart disease, congestive heart failure,
or kidney disease and obese patients were excluded from
the study.

Routine hemodynamic monitoring together with BIS and
body temperature monitoring was performed. Anesthesia
was induced with sodium thiopental 5-7 mg.kg', fentanyl
2 mcg.kg', and rocuronium 0.6 mg.kg™" to maintain BIS < 60.
Invasive arterial monitoring was performed after anesthesia
induction to measure arterial blood gas levels at baseline.
Prior to the delivery of anesthetic gas, the age and weight
of the patients were entered into a Drager Primus (Lubeck,
Germany) device. Gas flow was then initiated at a rate of

4 L.min" (40% oxygen + 60% air) using a concentration of
8% in Group D and 3.5% in Group S, and the time to reach
0.8 MAC was recorded. The flow rate was then reduced
to 0.5 L.min' (40% oxygen + 60% air) to ensure a mini-
mal flow. Group S received 2-4% sevoflurane, and Group D
received 5-7% desflurane to maintain BIS values between
40 and 60 to maintain anesthesia. The patients in both
groups received fentanyl infusion at a rate of 1 mcg.kg'.h™".
Then, patients were followed by a second anesthesiologist
who was blinded to the study groups was assigned to the
patient. During the follow-up patients were ventilated with
a tidal volume of 6-8 mL.kg™" of ideal body weight, which
was corrected according to Devine’s formula (for male:
50 kg + 2.3 x [(height (cm)/2,54) - 60] and for female: 45.5
kg + 2.3 x [(height (cm)/2,54) - 60]. And the patients were
ventilated with a frequency of 12-16 breaths.min’' to main-
tain ETCO; concentrations at 30-35 mmHg. The lower limit
alarm for oxygen was set at 28%. The sodalime (Intersorb-
PlusREF:2179000) was changed when the inspiratory CO, was
> 1 mmHg after excluding other reasons for an increase in
inspiratory CO,. The hemodynamic and respiratory parame-
ters and body temperatures of the patients were recorded
every 5 minutes during the first 20 minutes, then at the 30th
minutes and at 30-min intervals. Arterial blood gas levels
were recorded at 1 hour and 2 hours after induction. In the
case of prolonged surgery, the monitoring of arterial blood
gases was continued at 1-h intervals.

Thirty minutes prior to the end of surgery, paraceta-
mol 1 g, tramadol 2 mg.kg"', and ondansetron 8 mg were
administered intravenously, and the infusion of fentanyl was
stopped, whereas the administration of anesthetic gases
was discontinued 10 minutes before the end of surgery.
At the end of surgery, the air flow rate was changed to
4 L.min"" with 80% oxygen + 20% air. Atropine 0.02 mg.kg™"
and neostigmine 0.05 mg were applied intravenously to
reverse of neuromuscular blockage. When the BIS values
were > 90, the patients were extubated and moved to
the postoperative recovery room. In the recovery room,
integrated pulmonary index (IPl) monitoring (Capnostream
20p/Covidien-Origion Medical) was performed to track the
adequacy of the patients’ respiration, and the IPI values
were recorded 1, 5, 10, 20, and 30 minutes after the oper-
ation. IPI values between 7 and 10 were considered normal
respiration. Postoperative evaluation was performed by the
anesthesiologist blinded to the groups. The arterial blood
gas levels of the patients were checked at 30 minutes after
the operation, and patients with Aldrete scores of nine and
above were moved to the regular ward. The amount of intra-
operative bleeding and blood transfused were calculated,
and ALT, AST, BUN, and creatinine levels were recorded
12 hours after the operation. The amount of anesthetic
agent consumed was calculated (anesthetic agent consump-
tion [mL.h™'] = 3 X fresh gas L.min™" X concentration [%]),
and the cost of anesthetic gas was determined accordingly
(based on the hospital medication costs for 2017).

Statistical analysis

Power analysis was performed using the Power and Sample
Size software according to cost at a flow rate of 0,8 L.min"’
as indicated in a previous study about low-flow anesthesia.’
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Table 1 Demographic characteristics of the patients.

Age (years) peansp 50.57 + 11.08 49.93 + 14.53 0.850°
Gender 5 Male 10 (33.3%) 13 (43.3%)

Female 20 (66.7%) 17 (56.7%) 0.595°
BMI peanssp 27.79 + 3.46 28.51 + 3.96 0.456°
ASA 5 I 9 (30%) 16 (53.3%)

Il 21 (70%) 14 (46.7%) 0.116°

a Student’s t-test.
b Yates’s Correction for Continuity.

Table 2 Evaluation of operation data and amount of bleeding and blood transfused.

Duration of anesthesia (h) mean+sp 3.44 +1.15 3.24 +1.08 0.4922
Duration of surgery (h) mean+sp 3.23 +£1.15 3.07 £1.03 0.574°
MAC 0.8 duration (min) pean+sp 2.37 £ 1.06 3.55 +2.08 0.0082,°
Amount of bleeding (ML) pmean+sp 943.33 + 630.64 991.67 + 531.44 0.749°
Amount of blood transfused (mL) meanspmedian) 245 + 333.31 (0) 175 £+ 238.8 (0) 0.500¢
Min, minute.

@ Student’s t-test.

b p<0.05.

¢ Mann-Whitney U Test.

Table 3  Evaluation of HR values in both groups.

Baseline

Induction

1st min, 4 lt.min™" flow
10th min, 4 lt.min™" flow
1st min, 0.5 lt.min™" flow
20th min, 0.5 lt.min™" flow
30th min, 0.5 lt.min™" flow
60th min, 0.5 lt.min™" flow
90th min, 0.5 lt.min™" flow
120th min, 0.5 lt.min™" flow
150th min, 0.5 It.min™" flow
180th min, 0.5 It.min™" flow
End of surgery

Extubation

Postoperative 5th min

77.73 +£17.34
85.17 + 14.05°
80.47 + 10.87
76.77 + 13.06
74.23 £12.49
72.5 +11.53
68.53 + 11.732
63.2 +8.98%
61.77 + 9.57¢
64.14 £ 11.012
66.05 + 11.22?
63.21 + 8.83°
64,6 + 12.21°
79.17 £16.3
73.33 +£14.34

86.07 + 15.3
90.77 + 17.64
87.2 £ 15.55
86.93 + 17.45
83.33 +£15.84
81.63 + 16.32
77.5 + 14.48°
70.13 £ 13.52°
68.37 + 15.11°
67.35 + 15.01°
68.83 + 13.24°
68.68 + 13.98°
71.4 £ 14.1°
90.17 + 17.45
85.97 + 14.62

0.055
0.179
0.057
0.013°
0,016°
0.015°
0.011°
0.023°
0.049°
0.367
0.453
0.159
0.049°
0.014°
0.001°

Min, minute.
Student’s t-test.

@ Paired samples t-test, p<0.05 when compared to baseline.

b p < 0.05.

In this analysis, according to the cost analysis, the values of
A:1,32 and SD:1,5 were taken for the assessment, and the
number of subjects in each group was calculated as 22 with

a power of 0.80 and an « of 0.05.

The study data were analyzed using the IBM SPSS Statis-
tics 22 (IBM SPSS, Turkey) software package. The data’s fit
to a normal distribution was assessed using the Shapiro-Wilk
test. In addition to using descriptive statistics (means, stan-

dard deviations, and frequency) when evaluating the study
data, quantitative data were compared using Student’s

t-test for the comparison of parameters with a normal dis-

tribution, whereas the Mann-Whitney U test was used for
the comparison of parameters without normal distribution.
Qualitative data were compared using Yates’s correction for
continuity. Intragroup evaluation of parameters with a nor-
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t-test, whereas that without a normal distribution was per-
formed using the Wilcoxon signed-rank test. P < 0.05 was
considered statistically significant.

Results

A total of 60 patients (30 per group, aged 22-70 years)
were included in the study. Of these patients, 23 (38.3%)
were male and 37 (6.7%) were female. There was no signif-
icant difference in the demographic characteristics of the
patients between the groups with respect to ASA risk classi-
fication (Table 1).

The duration of anesthesia and surgery were similar
between the patients. The time needed to reach 0.8 MAC
was longer in the desflurane group. There were no differ-
ences between the groups in the amount of bleeding and
blood transfused (Table 2).

The hemodynamics of the patients were within normal
limits during the study. The mean arterial blood pressure
(MABP) was similar between groups except for the values for
Group S at 60 minutes, which were found to be significantly
lower than those in Group D. The baseline heart rates (HR)
of the patients were similar. After the first minute of the
induction, except the period between 120, 150, and 180 min,
the HR values were higher in Group D (Table 3). No significant
differences in SpO, were observed between the groups.

No active warming methods were used, and no signifi-
cant difference in body temperature was identified between
the groups. Body temperatures were at normothermic lev-
els. A decrease in the body temperature from baseline was
observed after 120 minutes in both groups.

Arterial blood gas levels were monitored during surgery
and in the recovery room. These values were within the
normal physiological range, and there was no difference
between the groups. The IPI values monitored in the recov-
ery room were found to be similar between the groups
(Table 4).

There were no significant differences between groups in
the serum levels of ALT, BUN and creatinine measured in
the pre- and postoperative periods and all markers were
within normal ranges. In an intragroup analysis, postop-
erative BUN and creatinine serum levels were lower than
preoperative levels in both groups. In Group D, preoperative
AST serum levels (26.2 & 22 U.L™") were higher than Group S
(17.9 £ 5 U.L™"); but postoperative AST levels were similar
between groups (p = 0.004 and p = 0.066, respectively)

The mean amount of volatile anesthetic used
was 14.3 + 4.91 mlL/patient in Groups S and
32.57 + 13.12 mL/patient in Group D (p = 0.001). In
Group S volatile anesthetic cost was 5.13 £ 1.76 $/patient
and it was 6.7 & 2.27 $/patient in Group D (p = 0.007).

Discussion

The aim of our study was to compare minimal-flow sevoflu-
rane versus desflurane anesthesia in terms of reliability and
cost-effectiveness and their effects on liver and renal func-
tions and postoperative respiration in patients undergoing
posterior spinal instrumentation. We found that the two
volatile anesthetics shared similar reliability profiles and
had similar effects on organ functions, respiratory param-

eters, and blood gas levels. The amount and cost of the
volatile anesthetic consumed were higher in the minimal-
flow desflurane group.

The increasing use of inhalation anesthetic agents with
low solubility for anesthesia has overruled many con-
cerns regarding the use of the low-flow approach and has
increased the importance of low-flow applications.®* More
efficient use of resources should not be questioned in a
world that faces a dramatic increase in population.® It is
important to note that organic anesthetic gases remain in
the atmosphere for long periods and can produce a green-
house effect.”~® Therefore, it is imperative that we increase
the use of minimal-flow anesthesia techniques to reduce
the amount of waste inhalation agents generated through
the use of the lowest flow of fresh gas possible. How-
ever, low-flow anesthesia also has some disadvantages and
risks. First, low-flow anesthesia requires modern equipment
and monitors and requires close monitoring for hypoxia
and hypercapnia. Frequent replacement of sodalime to pre-
vent carbon monoxide toxicity and compound A increase is
essential.’ In the present study, we compared the effects
of sevoflurane and desflurane when used in minimal-flow
anesthesia.

In addition to its positive effects on lung physiology,
minimal-flow anesthesia is also known to maintain body
temperature.>* Although no warming method was used for
the patients in our study, body temperatures remained at
normothermic levels during the 2-h period, and no signifi-
cant difference was identified between the groups. Although
a decrease in body temperature compared with that at
baseline was observed in both groups after 120 minutes,
the lowest temperatures were observed at the time of
extubation, which were 35.95 + 0.73 °C in Group S and
34.79 £+ 5.98 °C in Group D, and the difference between
the groups was not significant.

High fresh gas flow is required during the induction
and cessation of anesthesia because it requires a longer
time to attain the desired concentrations in minimal-flow
anesthesia. Minimal alveolar concentrations are known to
reflect the anesthetic potential of the anesthetic agent in
a state of equilibrium. A previous study compared 18% des-
flurane and 6% sevoflurane with a fresh gas flow of either
0.5 L.min" or 1.0 L.min"" and demonstrated that the time
required to reach 1 MAC was 8.5 + 1.7 min with des-
flurane at 0.5 L.min", 3.7 + 0.7 min with desflurane at
1.0 L.min"", 15.2 &+ 2.4 min with sevoflurane at 0.5 L.min"'
and 6.2 + 1.3 min with sevoflurane at 1.0 L.min'. The
study thus showed that 18% desflurane reached 1 MAC within
a shorter period at both gas flow levels.'® We monitored
the depth of anesthesia in our study using the BIS and the
time to reach 0.8 MAC was 3.56 + 2.1 min in Group D and
2.38 + 1.06 min in Group S. The main reason for the differ-
ent values observed in our study is the higher flow and lower
concentrations of inhalation agents delivered at the start of
the surgery. As indicated in previous studies, the time to
reach the desired MAC depends on the rate of fresh gas flow
and the concentrations of inhalation agents.

In an earlier study, it was reported that no significant
increases in COHb levels under closed circuit anesthesia
without carbon monoxide (CO) elimination during laparo-
scopic surgery and constant renewal of intraperitoneal gas
in adult patients prevented CO intoxication during electro-
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Table 4  Evaluation of IPI levels in both groups.

Recovery 15t min
Recovery 5t min
Recovery 10" min
Recovery 20" min
Recovery 30t min

8.5 + 1.46 (8.5)
8.93 + 1.51 (10)
9.3+ 1.09 (10)?
9.37 £ 1.35 (10)
9.2 + 1.24 (10)°

8.17 + 2.57 (10) 0.691
8.73 £ 1.91 (9.5) 0.728
8.73 + 1.53 (9) 0.083
8.77 + 1.5 (9.5) 0.055
8.93 + 1.48 (10)° 0.465

Min, minute.
Mann-Whitney U test.

@ Wilcoxon signed-rank test, p<0.05 when compared to baseline.

cautery use."! In a previous study on laparoscopic surgeries
lasting for > 6 hours, the authors reported that COHb levels
remained within normal physiological limits.? In our study,
COHb and other blood gas levels were also within nor-
mal physiological limits, which was consistent with previous
studies.'>"3

Assessments of the respiratory functions of patients are
frequently based on measurements of peripheral oxygen
saturation (Sp0O;), end-tidal carbon dioxide (ETCO,), respi-
ratory rate (RR), and heart rate (HR). Integrated pulmonary
index (IPl) monitorization can offer a single value for easy
evaluation of ventilation and oxygenation. This method com-
bines the Sp0O,, ETCO,, RR and HR values in a mathematical
model to obtain the IPL."*"> The IPI value was considered
a useful marker in a clinical setting.'® In our study, we
used the IPI monitor to assess respiratory sufficiency dur-
ing the postoperative period. Previous studies on low-flow
anesthesia evaluated respiratory parameters and heart rate
separately during postoperative recovery. A combined eval-
uation of these parameters provides effective and rapid
monitoring of the respiratory situation of the patient. To
the best of our knowledge, there are no studies in the lit-
erature using IPI monitoring after low-flow anesthesia. In
all follow-ups involving IPI assessment, the IPI values of
both groups remained similar and within normal limits at
all time points. It was therefore concluded that minimal-
flow sevoflurane and desflurane anesthesia had no negative
effects on respiration during the postoperative period and
had similar effects on respiratory recovery.

It has been demonstrated that isoflurane, desflurane and
sevoflurane do not cause any negative effects on the kidneys
and liver during low-flow anesthesia applications.’* Another
study comparing low-flow anesthesia with total intravenous
anesthesia reported no significant difference in terms of
renal and hepatic toxicity." Previously, it was shown that
liver and kidney functions remained within normal limits
following more than 8 hours of minimal-flow sevoflurane
anesthesia and that there were no significant differences
in liver and kidney function tests compared with those
at baseline.'® Our study also demonstrated similar limited
effects of minimal-flow desflurane and sevoflurane anesthe-
sia on postoperative liver and kidney functions. Although
within normal ranges, preoperative serum levels of AST
were different between groups; this imbalance between
groups may be related to the small sample size and limi-
tations in the randomization and enrollment processes. It
was reported that perioperative changes in renal function
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are not associated with the anesthetic method used and
that these changes might instead be caused by factors unre-
lated to anesthesia, such as the duration of surgery, the size
and extent of the surgical site and the resulting stress, the
antibiotic agents administered, pre-existing renal dysfunc-
tion and changes in perioperative arterial pressure.” The
two inhalation agents may have similar effects on renal func-
tions, as the present study included patients undergoing a
single type of surgery with a similar surgical time and the
blood pressures of these patients remained within normal
limits during follow-up. We concluded that postoperative
decreases in BUN and creatinine levels were associated with
perioperative hydration and were of no clinical significance.

One of the strengths of minimal-flow anesthesia is the
ecological and economic advantage it provides by reducing
anesthetic agent consumption by 75-80%. While the cost-
savings from the use of minimal- and low-flow anesthesia
is not notable for 1-h periods, minimal-flow anesthesia for
2-h periods is reported to provide greater cost-savings.?’ In
a previous study, it was reported that the use of BIS mon-
itoring could reduce the use of inhalation agents such as
desflurane.?' During general anesthesia, one of the advan-
tages of BIS monitoring is the prevention of the use of
excessive doses of agents due to concerns of superficial
anesthesia.?? In light of this evidence, in our study, we fol-
lowed the depth of anesthesia with BIS monitoring.

In a study comparing the use of low-flow desflurane ver-
sus isoflurane anesthesia, the consumption of anesthetics
and the costs incurred were found to be higher in the desflu-
rane group.? In the mentioned study the cost of desflurane
consumption for 180 minutes was reported to be 6.42 €
for 0.5 L.min" flow, which was similar to our results. In a
review article, it was indicated that inhalation anesthesia
with sevoflurane is the most cost-effective agent when com-
pared with the other agents used for similar flow rates.?* In
our study, we maintained the BIS values at 40-60%, and the
amount of inhalation agents used was lower in Group S. The
costs incurred according to the market prices at the time of
the study were significantly lower in Group S than in Group
D.

There are some limitations in our study. First, cost
analysis was performed according to volatile anesthetic con-
sumption, and the length of hospital stay was not included
in the cost analysis. It may be more accurate to take into
account all in-hospital expenditures to assess the cost in
detail. Further studies considering the recovery time and
duration of surgery in the cost analysis must be performed
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because these parameters also affect total costs. Another
limitation of our study is that we cannot provide active
warming to our study patients because we do not have active
warming devices.

In conclusion, the present study reports no significant
difference between minimal-flow sevoflurane and desflu-
rane anesthesia in terms of hemodynamics, organ function
and blood gas levels in patients undergoing posterior spinal
instrumentation. The IPl parameters in the postoperative
period were similar, indicating that both agents have similar
effects on postoperative respiratory function. The amount
and cost of the volatile anesthetic consumed were higher in
the desflurane group.
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