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Abstract

Objective: The main objective of this study was to compare the effects of minimal and high gas flow-
controlled hypotension applications on IMA and thiol/disulfide balance, which are indicators of oxidative
stress.

Methods: Patients undergoing elective tympanoplasty were randomized to two groups as minimal-
flow and high-flow anesthesia groups. Minimal flow anesthesia was performed with 5L/min fresh
gas flow reduced to 0.4 L/min. High flow was administered as 2 L/min fresh gas. Preoperative and
intraoperative SpO2, StO2, EtCO2, mean arterial pressure and heart rate values were recorded.
Preoperative and intraoperative IMA, total thiol, native thiol, disulfide, disulfide/native thiol and
disulfide/total thiol values were recorded and compared between the two groups.

Results: The mean intraoperative arterial pressure was statistically notably higher in the high flow
group (p=0.048). The mean intraoperative SPO2 value was remarkably higher in the minimal flow
group (p=0.032). The mean EtCO2 value was notably lower in the minimal flow group at 5 minutes
and 15 minutes of the operation (p=0.029; p=0.048). The mean preoperative and intraoperative IMA
values were statistically notably higher in the minimal flow group compared to the high flow group
(for both, p=0.001). There was no remarkable difference between the groups in terms of the other
monitored parameters (for all, p>0.05).

Conclusion: IMA value was found to be significantly higher with minimal-flow anesthesia.
However, no notable difference was found in terms of thiol/disulfide homeostasis, indicating the
need for further comprehensive studies in order to draw a definitive conclusion.
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Introduction

To be considered controlled hypotension, one
must lower one'adjusted systolic or mean arterial
pressure (MAP) to 50-65 mmHg, or reduce one's
basal MAP by 30 percent (1). Controlled hypotension
provides better visualization of surgical site during
surgery, and thus decreasing blood loss, operational
time and the incidence of complications (2). Some
studies have proposed that decreased platelet activity
during hypotension protects against postoperative
consumptive coagulopathy (3). Numerous agents can
be used for controlled hypotension including direct
vasodilators, beta blockers, alpha blockers, and
combined alpha-beta blockers. The ideal agent to be
used for this purpose should be easily applied with
dose-dependent effects, rapid onset and minimal side
effects (1). On the other hand, hypotensive anesthesia
is associated with decreased perfusion to vital organs
such as the brain, heart and kidneys. Therefore, when
performing hypotension contraindications such as
cerebrovascular disease, liver dysfunction and renal
dysfunction that suggest low organ perfusion in the
patient should be taken into account (4). In addition,
general anesthetic agents, postoperative analgesic
regimen and anesthesia-induced hypotension may
lead to oxidative stress related to surgical stress.

The imbalance between reactive oxygen species
(ROS) and antioxidant defense mechanisms is
referred to as oxidative stress (OS). OS is involved in
ageing, inflammation, cancer and expose to drugs
such as anesthetic agents. Contribution of anesthetic
procedures to surgical stress and postoperative
complication has been associated with increased
oxidative stress and release of inflammatory
cytokines (5). Anesthesia-induced oxidative stress
may affect proteins, lipids and DNA. Surgical
patients can undergo surgeries that may cause
inflammation, surgical trauma, and ischemia-
reperfusion injury all of which are resulted from
oxidative stress (6).

Anesthesia can be performed with both minimal
and high fresh gas flow. Minimal gas flow (< 0.5
L/min) has several advantages. These include
reduction in the use of inhalational anesthetics,
improved body temperature and humidity
homeostasis, decreased environmental pollution and
significance cost saving (7). However, high gas flow
between 2L/min and 6L/min is still being used. Both
methods have specific advantages and disadvantages.
Controlled anesthetic hypotension applications with
these two forms of flow were thought to have
different effects on oxidative stress parameters. There
is no study on the literature on this subject. Therefore,
the purpose of this research was to compare the

effects of minimal and high gas flow-controlled
hypotension applications on IMA and thiol/disulfide
balance, which are indicators of oxidative stress.

Methods

A number of 89 patients aged between 18-60 years
with an American Society of Anesthesiologists
(ASA) status | or I, who underwent elective
tympanoplasty  operation  under  hypotensive
anesthesia between August 2018 and December 2018
were participated in the study. Three patients were
excluded from the study because their blood samples
were coagulated and two patients since they
developed hypotension that required short-term
inotropic support, and finally the study was
completed with 84 patients. Patients with
uncontrolled  hypertension, diabetes  mellitus,
cerebrovascular disease, morbid obesity (BMI > 35
Kg/m2), anemia, pregnancy, renal disease, carotid
artery stenosis and those who used antioxidant drugs,
smokers, and patients with alcohol and drug addiction
were excluded from the study. All operations were
performed by the same otorhinology surgical team.

Patients were randomly assigned to one of two
groups. In the group to be administered minimal flow
anesthesia Group MF, a fresh gas flow of 5L/min
(50% oxygen and 50% air) was provided for 10
minutes following intubation. After the tenth minute,
oxygen support was provided so that the inspiratory
oxygen fraction (FiO2) would not fall below 50% and
the fresh gas flow was reduced to 0.4 L/min. Whereas
in the high flow anesthesia group (Group HF) was
administered 2 L/min fresh gas flow (50% oxygen,
50% air) continuously.

Monitoring and Anesthesia Management

The same perioperative monitoring procedure was
applied in all patients. A 20-gauge intravenous (iv)
cannula was placed on the dorsum of the left hand of
the patients 30 minutes before the operation and 5
mL/Kg isotonic fluid was given. Venous blood
samples were collected via an 18 Gauge iv cannula
inserted into the right brachial vein.

All patients were followed-up with routine
monitoring including three-derivation
electrocardiogram  (ECG), peripheral  oxygen
saturation (SpO2) and non-invasive arterial blood
pressure. Evaluation of anesthesia depth and sedation
was analyzed by bispectral index (BIS) using the
mean frequency of electroencephalography (EEG).
BIS provides conversion of the EEG recording to
integers in the range of 1-100, and its value decreases
as anesthesia deepens. Values of BIS between 40 and
60 indicate the appropriate depth of anesthesia. With
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BIS monitoring, the control of the depth of anesthesia
becomes objective (8). The bispectral index was also
measured with an electrode with four leads placed on
the patient's forehead. (Covidien, Boulder, CO,
USA). Peripheral tissue oxygen saturation (StO2)
was monitored via a probe inserted to the thenar
region of the left hand through InSpectraTM StO2
Spot Check Model 3000 (Hutchinson Technology,
INC., Hutchinson, MN, USA) device, which
measures with NIRS technology. In all patients,
Dréger Primus (Driger Medical, Liibeck, Germany)
was used as the anesthesia device and CLIC Absorber
800+ (Driager Medical, Liibeck, Germany) as the soda
lime. All patients were received 0.02 mg/Kg iv
midazolam as premedication and preoxygenation was
applied with 5L/min 100% oxygen. For induction, 1
pg/Kg iv remifentanil was administered over 60
seconds as the loading dose followed by 1 mg/Kg iv
lidocaine ve 2 mg/Kg iv propofol. Neuromuscular
block was provided with 0.6 mg/Kg iv rocuronium
bromide. In the maintenance of anesthesia, desflurane
and 0.25-0.75 pg/Kg/min iv remifentanil was used.
The BIS value was maintained between 40% and
60%. Following endotracheal intubation, 6 ml/Kg
tidal volume and 5 cm H20 positive end-expiratory
pressure were applied according to the ideal body
weight in volume-controlled mode with the Drager
Primus anesthesia device. Respiratory frequency was
adjusted to be in the range of EtCO2 35-40.

Controlled hypotension was achieved in patients
by reducing the MAP by 30% from the baseline value
or by maintaining it to be 60-65 mmHg during the
operation. A mean arterial pressure <50 mmHg was
considered as hypotension, a HR <45 bpm as
bradicardia, and remifentanil infusion was stopped,
and ephedrine (5 mg) and atropine (0.5 mg) doses
were added for the treatment.

Fifteen minutes before the end of the surgery, 100
mg iv tramadol was administered for postoperative
analgesia and 8 mg iv ondansetron for antiemetic
purposes. When it was reported that there was 10
minutes to the end of the surgery, the fresh gas flow
was increased to 5 L/min and desflurane was
discontinued in both groups. 100% oxygen support
was initiated. Infusion rate of remifentanil was
lowered to 0.2 ug/Kg. When the BIS value exceeded
80% and the patient began to obey verbal commands,
15 pg/kg iv atropine and 50 pg/kg iv neostigmine was
administered and extubation was performed. All
patients were taken to the postoperative recovery
room. If the Aldrete score was 9-10, the patient was
sent to the service.

Data Collection

EtCO2, inspiratory oxygen fraction (FiO2),
inspiratory desflurane fraction (FiDESF) values were
measured and recorded before anesthesia induction,
at 5-, 15-, 30- and 60-minutes following intubation.
The heart rate (HR), mean arterial blood pressure
(MAP), SpO2 and StO2 values were recorded 10
minutes before the induction of anesthesia and at 60
minutes of the operation.

Biochemical Analysis

Ten minutes before the induction of anesthesia
and at 60 minutes of the operation, 2 milliliters of
venous blood samples were taken into biochemistry
tubes containing coded anticoagulant and serum
separator, centrifuged at 1500 rpm for 10 minutes and
stored frozen at -80° C. The spectrophotometric was
used to measure the thiol/disulfide homeostasis which
method developed by Erel and Neselioglu (9). This
was accomplished by first reducing disulfide bonds in
order to produce free functional thiol groups that
included sodium borohydride. The unused reducing
sodium borohydride was depleted with formaldehyde
to prevent reduction of 5,5'-dithiobis- (2-
nitrobenzoic) acid (DTNB). After reaction with
DTNB, all thiol groups including the reduced
“disulfide”, “native thiol” and “total thiol” groups
were determined. Following the determination of
native and total thiols, the amounts of disulfide were
calculated as Disulfide/native  Thiol ratio,
Disulfide/Total thiol ratio and Native thiol/Total thiol
ratio.

IMA levels were determined with the rapid
colorimetric method developed by Bar-Or et al. using
an autoanalyzer (Mindray BS 2000, Mindray Bio-
Medical Electronics Co. Ltd., Shenzhen, China) (10).
In brief, 200 pL patient serum was added to 50 pL 1
g/L cobalt chloride solution and after mixing
vigorously, the mixture was left in the dark incubation
for 10 minutes. Then, 50 pL dithiothreitol (DTT; 1.5
g/L) was added and mixed. After incubation for 2
minutes, 1 mL was added to 9 g/L NaCl solution. The
absorbance of test mixtures was read at 470 nm and
the results were calculated as the absorbance unit
(AU).

Ethics Considerations

Before the beginning, the necessary approval was
received from the Non-interventional Clinical
Research Ethics Committee of our hospital with the
2018/64 decision. All patients gave written consent,
and the study was conducted in line with the ethical
principles of the Declaration of Helsinki.
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Statistical Analysis

For statistical analysis of data, NCSS (Number
Cruncher Statistical System) 2007 (Kaysville, Utah,
USA) software was used. Descriptive statistics (mean
+ standard deviation, minimum, maximum) were
used to express the results. Normality of the variables
was tested with the Shapiro-Wilk method. To
compare normally distributed quantitative variables
across three or more time periods, the Repeated
Measure test was used. The Friedman test was used
for the comparison of non-normally distributed
quantitative variables between three or more periods.
The Mann-Whitney U test was used for comparing
non-normally  distributed qualitative variables
between two groups. The student t test was used for
the comparison of normally distributed qualitative
variables between two groups. p<0.05 values were
considered statistically significant.

Results

Of all patients included in the study, 38 (45.2%) were
female and 35 (54.8%) were male. The patients aged
between 18-60 years with a mean age of 32.96+13.09
years. The mean body mass index (BMI) was
calculated as 24.61+3.94 (min-max: 16.61-34.25)
Kg/m2. Forty-six patients (53.6%) were in the
minimal flow (MF) group and 39 (46.4%) in the high
flow (HF) group.

When routine anesthetic monitoring parameters were
evaluated; the mean preoperative tissue hemoglobin
index (THI) value was 10.56+1.67 in Group MF,
while this value was 12.09+£2.33 in Group HF. The
difference between two groups in terms of
preoperative THI was significant (p=0.003). The
mean intraoperative arterial pressure was statistically
significantly higher in Group HF (63.72+4.59)
compared to Group MF (61.53+4.87) (p=0.048). The
mean intraoperative SpO2 value was 98.49+1.16 in
Group MF and 99.03+1.09 in Group HF. The
difference between both groups was statistically
notable (p=0.032). However, hypoxia was not
observed in any patient. No statistically notable
difference was found between the two groups in terms
of the BIS parameters followed in the intraoperative
period (p>0.05). No statistically significant
difference was found between the two groups in terms
of the other monitored parameters (for all p>0.05).
Comparison of the routinely monitored parameters
between the groups is given in Table 1.

When intraoperative anesthesia monitoring data were
examined; the mean EtCO2 value was significantly
lower in Group MF at 5 minutes (32.7343.12 vs
34.33+3.49) and 15 minutes (31.16£5.68 vs
33.3143.78) compared to Group HF (p=0.029 and

Table 1. Anesthesia monitoring parameters according to
the groups

Parameter Group Mean=SD m:&- p
Preoperative MF  77.31+£7.94 55-93
20.602
StO, HF 78.08+6.76 63-91
Intraoperative MF 87.82+6.37 63-95
®0.227
StO, HF 86.15+6.15 75-97
Preoperative MF 10.56+£1.67  7.3-13.8
20.003**
THI HF 12.0942.33  7.1-17.2
Intraoperative MF 11.71£2.03 8.2-16.3
20.067
THI HF 12.46+2.26 7-16.6
Preoperative MF 85'38:14'6 52-120
20.753
HR HF 83'281i13‘1 48-110
Intraoperative MF 64'67li 10.6 51-96
®0.388
HR HF 62.82+8.59 48-88
Preoperative MF 91'276112’6 56-120
90.46£11.7 10943
MAP HF : 4 ' 59-112
Intraoperative MF 61.53+4.87 51-72
20.048*
MAP HF  63.72+4.59 55-76
Preoperative MF 98.96+1.3 95-100
©0.293
SPO; HF 98.54+2.25 90-100
Intraoperative MF  98.49+1.16 95-100
®0.032*
SPO; HF 99.03+1.09 95-100

Abbreviations: StO2: tissue oxygen saturation; THI: tissue
hemoglobin index: HR: heart rate; MAP: mean arterial pressure;
SpOz2: oxygen saturation, Mann Whitney Testi (a) . Student T
Testi (b)) *p<0.05 **p<0.01

p=0.048; respectively). The mean FiO2 value was
significantly higher in Group MF at 5 minutes
(68.36+18.37 vs 53.44+11.94) and 15 minutes
(53.76+15.08 vs 42.69+8.12) compared to Group HF
(for both p=0.001). The mean FiDESF value was
statistically remarkably higher in Group MF
(6.07+1.22) compared to Group HF (4.94+1.24) at
intraoperative 5 minutes (p=0.001). The mean
FiDESF value was statistically significantly lower in
Group MF (4.40+1.16) compared to Group HF
(5.13£1.12) at intraoperative 30 minutes (p=0.004).
No statistically notable difference was observed
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between both groups in terms of the other monitored  Table 3. Preoperative and intraoperative oxidative stress
intraoperative parameters (for all p>0.05) (Table 2). _parameters of the groups

Mean+SD Min-Max p
Table 2. Intraoperative anesthetic parameters according to
830. 49-5,
the groups | Albumin MF 4.83+0.13 4.49-5.03 20637
Meanssp b HE 4844013 458-5.09
: :\jlc':f.?."g MF  0.74£0.08 0.56-0.97 a
5 minutes MF 32.7343.12 23-38 odrrie 0,001%%
©0.020% Albumin 1 HF 0.58+0.09 0.4-0.82 '
EtCO, HF 34.3343.49 28-42
MF  343.66£52.18  249.9-475.4
15minutes  MF 31.16£5.68 0-39 Native Thiol 1 #0.360
b 0.048% HF  33048451.6  206.7-432.9
EtCO, HF 33.3143.78 21-41
_ Total Thioln ~ MF 385815456 2887951620 . .0
EtCO; HF 3236292 26-38 MF - 21.07+4.07 11.56-32.2
Disulfide 1 20.177
60 minutes ~ MF 31.93+4.06 24-48 HF 20.05+3.8 10.5-28.55
©0.483 Po—
Disulfide
EtCO, HF 32.46+2.5 27-38 Native MF 6.23%1.33 3.02-9.12
®0.784
Sminutess ~ MF  68.36+1837  36-93 Thiol 1 HFE  6.15£131 4.06-11.14
_ ? 0.001** Disulfide i
FiO, HF 53.44+11.94 3287 Total 5.52+1.05 2.85-7.71
20518
15minutes  MF 53.76+15.08  29-88 Thiol 1 HF 5.46+1.01 3.76-9.11
©0,001**
|:io2 HF 42.69+8.12 33-72 Native Thiol / MF 88.97+2.1 84.58-94.3
20,510
30 minutes ME 41.07+8.72 29-66 Total Thiol 1 HF 89.09+2.02 81.77-92.49
©0.078
FiO, HF 38.13+5.86 31-55 MF 4.69+0.13 4.43-4.96
Albumin 2 20.939
60 minutes  MF 35.9146.49 29-55 HF 4.69+0.16 4.31-4.96
©0.349 -
Ischemia
FiO, HF 37.1345.16 30-55 Modified MF 0.9+0.12 0.66-1.4 .
) 0.001%*
5 minutes MF 6.07+1.22 2481 Albumin 2 HF 0.72+0.13 051-1
20.001**
FiDESF HF 4.94+1.24 2178 MF  255.62+56.14  125.6-376.9
Native Thiol 2 20.979
. 1.06.200 HE R
15 minutes ~ MF 5.15+1.53 5 252486333 79.4-342.7
207200 0%
; 07. MF  296.5+56.48  166.51-412.29
FiDESF HF 4912117 8 Total Thiol 2 20.600
] HF  289.68461.02  138.5-386.2
30 minutes MF 4.4+1.16 1.4-6.4
b *k -
i . i, 207200 0.004 Disulfide 2 MF  20.44+6.43 12.71-49.49 b0.162
L 4 HF 18.6+5.34 12.75-38.45
60 minutes  MF 4.58+1.29 1.7-6.9 ﬁ'st‘."f'dd MF  8.58+5.15 4.35-39.4 \
b0.145 ave 0.943
FIDESE HE 4964101 2.071.200 Thiol 2 HF 8.49+6.53 4.49-37.22
Disulfide
Abbreviations: EtCO2: end tidal carbon dioxide; FiO2: fraction of Total MF 7.09£2.75 4-22.04
inspired oxygen; FiDESF: fraction of inspired desflurane, Mann *0.753
Whitney Testi (a) . Student T Testi (b) *p<0.05 **p<0.01 Thiol 2 HF 6.87+3.57 4.12-21.34
Native Thiol/  MF 85.8245.5 55.93-91.99
b0.754

Total Thiol 2 HF 86.26£7.13 57.33-91.76

Mann Whitney Testi (a) . Student T Testi (b) *p<0.05 **p<0.01
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Figure 1 presents a visual depiction of the
intraoperatively monitored anesthetic parameters.
Oxidative stress parameters were compared between
Group MF and Group HF in the preoperative and
intraoperative periods. Accordingly, there was a
statistically notable difference between the groups in
terms of the preoperative and intraoperative ischemia
modified albumin (IMA). The mean preoperative
IMA value was statistically significantly higher in
Group MF (0.74+0.008) compared to Group HF
(0.58+0.09) (p=0.001). Similarly, the mean
intraoperative  IMA  value was statistically
remarkably higher in Group MF (0.90+0.12)

compared to Group HF (0.72+0.13) (p=0.001). In
Group MF, the mean IMA value increased by 21.6%
at intraoperative 60 minutes compared to the baseline
value, while this rate was 24.1% in Group HF. No
statistically remarkable difference was found
between the two groups in terms of the mean total
thiol, native thiol, disulfide, disulfide/native thiol,
disulfide/total thiol and native thiol/total thiol values
both in the preoperative and intraoperative periods
(for all p>0.05). Table 3 shows oxidative stress
parameters of both groups and Table 4 shows the
changes in oxidative stress parameters.

120
100 -
80 -
. .
60 - 5 Minutes
H 15 Minutes
30 Minutes
40 - i
4 60 Minutes
20 -
0 =
MF HF MF HF MF HF MF HF
Sp02 EtCO2 FiO2 FiDESF

Figure 1. Changes in the monitored anesthetic parameters in the intraoperative period

Table 4. The changes in the oxidative stress parameters according to the groups (%)

Minimal Flow High Flow
Pre-op Intra-op Change (%) Pre-op Intra-op Change (%)
IMA 0.74 0.9 21.62 0.58 0.72 24.14
NT 443.66 255.62 -42.38 330.48 252.48 -23.60
TT 385.81 296.5 -23.15 370.58 289.68 -21.83
DIS 21.07 20.44 -2.99 20.05 18.6 -7.23
DIS/INT 6.23 8.58 37.72 6.15 8.49 38.05
DIS/TT 5.52 7.09 28.44 5.46 6.87 25.82
NT/TT 88.97 85.82 -3.54 89.09 86.26 -3.18

Abbreviations: IMA: ischemia modified albumin; NT: native thiol; TT: total thiol; DIS: disulfide
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Discussion

Controlled hypotension is defined as keeping
systolic blood pressure in the range of 80-90 mmHg
or mean arterial pressure (MAP) in the range of 50-
65 mmHg (1, 11). Intravenous anesthetics, inhalation
anesthetics, opioids, calcium channel blockers, beta
blockers and nitrate derivatives are often used for this
purpose (12). Pharmacokinetic and
pharmacodynamic properties of these agents are quite
different. Anesthetic agents used for hypotensive
anesthesia are known to have effects on oxidant-
antioxidant balance of the body, and thus oxidative
stress. Anesthesia-induced oxidative stress may affect
lipids, proteins and DNA (13). Therefore, it is
important to determine oxidative stress induced by
anesthetic stress in individuals who are exposed to
anesthetic agents for a long time or to anesthesia
applications. Both duration and nature of the
anesthetic procedures may affect the degree of
oxidative stress (13).

In our study, in the anesthetic management of the
patients undergoing tympanoplasty, controlled
hypotension was provided by keeping MAP in the
range of 51-76 mmHG. Respiratory frequency was
adjusted to be in the range of EtCO2 35-40.
Anesthetic management was performed with
remifentanil loading dose followed by lidocaine and
propofol as intravenous agents. Anesthesia
maintenance was provided by desflurane as the
inhalation anesthetic and remifentanil as the
intravenous agent.

Safety of anesthetics has drawn attention in terms
of toxicity and potential side effects for a long time
(14). Inhalation of volatile anesthetics mechanical
ventilation triggers an inflammatory response, which

increases systemic oxidative stress, impairing
oxidant-antioxidant  balance. Multiple chronic
diseases such as neurodegenerative diseases,

cardiovascular diseases, and cancer are caused by
oxidative stress accumulation (15, 16).

The effects of desflurane, which was used as the
inhalation agent, and propofol, which was used as the
intravenous agent in our study have been investigated
in several studies. Intravenous anesthetics including
propofol directly remove reactive oxygen species
(ROS) and inhibit lipid peroxidation (17). On the
contrary, inhalation anesthetics such as desflurane
have been shown to produce ROS (18). In an animal
study by Allaouchiche et al., it was reported that the
concentrations of MDA, one of the oxidative stress
markers, and consumption of GPx, which is among
the antioxidant defenses, were increased in both
serum and lavage samples of the pigs exposed to
desflurane. Conversely, MDA levels and the

consumption of GPx were decreased in the animals
exposed to propofol (19). Thus, the authors
demonstrated the presence of local and systemic
oxidative stress in mechanically ventilated animals
during desflurane exposure. One of the factors that
may be responsible for desflurane anesthesia related
oxidative stress is the increase in the expression of
proinflammatory cytokines in macrophages (20).
Propofol has similar chemical properties with alpha-
tocopherol, which is an endogenous antioxidant.

General anesthesia performed to create controlled
hypotension can be performed with minimal and high
fresh gas flow. Minimal flow anesthesia is considered
as a subtype of low flow anesthesia with the lowest
possible volume and full rebreathing. This method
can be performed safely with modern anesthesia
devices (21). Desflurane has a low blood/gas
solubility and is preferred as an ideal and safe
inhalation anesthetic for minimal-flow anesthesia. In
a study by Ceylan et al., considering hemodynamic
data, minimal-flow anesthesia technique was reported
to be a hemodynamically safe and stable method (22).
Some advantages of minimal-flow anesthesia include
less impairment of pulmonary function, better
protection of the respiratory system, reduced cost and
decreased environmental pollution (23).

In our study, we observed the effects of minimal
flow and high flow anesthesia on anesthesia
monitoring parameters and oxidative stress. In this
study, the difference between the intraoperative SPO2
values at 5, 15 and 30 minutes was not significant, but
the 60-minute SPO2 values were notably lower in the
minimal flow group (98.49%) compared to the high
flow group (99.03%). Kilic et al. In the study
performed by Abdominal surgery, the difference
between intraoperative SPO2 values reached a
significant level at the 45th minute of the operation
and the mean SPO2 value was found to be 98.85 in
the low flow group and 99.40% in the high flow group
(24). The results of these two studies support each
other.

IMA has been shown to increase as a result of
oxidative stress (25). Changes in the binding capacity
of albumin to transit metals as a result of oxidative
stress during ischemia/reperfusion lead to the
formation of IMA (10, 26). In our study, we
compared the effects of minimal and high flow
anesthesia techniques on oxidative stress through
IMA. In our study, the mean intraoperative IMA
value was notably higher in the minimal flow group
compared to the high flow group. However, the
change in the IMA values was higher in the high-flow

group.
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In cells, sulfhydryl group-containing chemical
compounds such as thiol play a critical function in the
protection of oxidative stress (27). Between thiols and
their oxidized forms, disulfides, there is a balance
known as dynamic thiol/disulfide homeostasis.
Increased disulfide/native thiol and disulfide/total
thiol ratios in favour of disulfide can be considered as
an indicator of oxidative stress. In our study, native
and total thiol values were decreased in both minimal
flow and high flow groups. However, the decreases in
intraoperative native thiol and total thiol values were
higher than the decrease in disulfide values in both
groups. This indicates oxidative stress with both flow
techniques, but no notable difference was found
between the groups in terms of thiol/disulphide
homeostasis.

Study Limitations

This study has many limitations. First, it was
conducted in a single center with a relatively small
number of patients. Second, we could not directly
compare our results since there was no study in the
literature comparing minimal and high flow
techniques in terms of oxidative stress parameters.
Finally, different oxidative stress parameters could be
included in the study. However, this is the first study
in the literature investigating the effects of different
flow techniques on oxidative stress, and we think that
our results will guide future studies.

Conclusion

There was no significant difference was found
between minimal-flow and high-flow anesthesia
techniques in terms of their effects on oxidative
stress. Only IMA values were higher with minimal-
flow anesthesia. However, since no notable
difference was found in terms of thiol/disulfide
homeostasis, evaluation of IMA alone may not be
meaningful. This subject is relatively new in the
literature, and further comprehensive prospective
studies are needed on this subject.
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