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ABSTRACT
Objective: The aim of this study was to evaluate the effects of oxidative stress on thiol-disulfide homeostasis caused by hypotensive anesthesia 
in mastoidectomy-tympanoplasty cases undergoing controlled hypotension.

Methods: Fifty adult patients scheduled for mastoidectomy and tympanoplasty were included in the study. Anesthesia was induced with 
lidocaine, propofol, rocuronium, and remifentanil. The maintenance of anesthesia was continued with remifentanil infusion (target mean 
arterial pressure as 60-65 mmHg) along with 2% sevoflurane/40% O2/air mixture. Blood samples were taken 5 times at the t0 (before induction), 
t1 (intraoperatively after intubation), t2 (first hour) and t3 (second hour of the operation) and t4 (following recovery). Total thiol (TT) and Native 
Thiol (NT) levels were measured, and thus, Di-Sulphide (SS), Di-Sulphide/Native Thiol (SSNT), Di-Sulphide/Total Thiol (SSTT), and Native Thiol/
Total Thiol (NTTT) values were estimated.

Results: During the operation, progressive decrease was observed in thiol levels of patients. There was a significant decrease in t3 thiol values 
when compared with t0 value. Thiol values were observed to have returned to baseline values after recovery from anesthesia (p>0.05). SS, SSNT 
and SSTT levels were found as increased in t1 blood samples, but increase in SSNT and SSTT levels was significant. Throughout the operation, 
values were observed to have dropped and reverted back to initial values.

Conclusion: Since the measurement of thiol-disulfide blood values is able to show the instantaneous state of oxidative stress, it can be used in 
anesthesia practice in which every event occurs very quickly.
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Oxidative Stress in Controlled Hypotension: Assessment with 
a Novel Oxidative Stress Marker

1. INTRODUCTION

The plasma thiol pool comprises organic compounds 
containing sulfhydryl group called mercaptans which consists 
mainly of albumin and protein thiols. In addition, cysteine 
(Cys), cysteinylglycine, glutathione, homocysteine and 
γ-glutamylcysteine known as low molecular-weight thiols 
contribute to the thiol pool (1). Thiol-containing proteins 
present in the cell play an important role in redox-sensitive 
reactions (2). Thiols react with oxidizing agents to form thiol-
disulfide bonds (3). These disulfide bonds are again reduced 
to thiol groups when oxidative stress conditions change. 
Thus, dynamic thiol-disulfide homeostasis is maintained. 
Dynamic thiol-disulfide homeostasis has an important 
role in antioxidant protection, detoxification, apoptosis, 
regulation of enzymatic activities, and cellular signaling 
mechanisms (4). Thiol disulfide balance was demonstrated 
to change in such diseases as cardiovascular disease, cancer, 
and rheumatoid arthritis. This balance is known to chance 
in numerous diseases and conditions apart from them (5). 

Plasma thiol levels are mostly measured using Ellman’s 
reagent, 4,4′-dithiodipyridine (4-DPS), or by adopting more 
complex methods. However, these methods are not suitable 
for use in automated analyzers. Erel and Neselioglu have 
developed a new automated method that measures thiol-
disulfide homeostasis (5). This new method allows the 
evaluation of both thiol [total thiol (TT), native thiol (NT)] and 
disulfide (SS) side of the reaction. The increase in disulfide 
[disulfide/native thiol ratio (SSNT), disulfide/total thiol ratio 
(SSTT)] together with the decrease in the amount of thiol 
refers to the increase in oxidation. In the contrary case, it 
may be said that reduction increases. It was projected that 
determining how much thiol-disulfide values change under 
which conditions would shed light on the pathogenesis of 
many diseases, and numerous studies have been carried out 
on this subject (6,7).

Controlled hypotension is a technique used to increase 
surgical visibility during surgery and to reduce surgical 
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complications. It is aimed to keep intraoperative mean arterial 
pressure between 50-65mmHg or systolic arterial pressure 
between 80-90 mmHg or 30% of the input value (8). Volatile 
anesthetics, sympathetic antagonists, sodium nitroprusside, 
nitroglycerine hydralazine, trimethaphan, adenosine, 
phenoldopam, α-2 agonists, and some opioid analgesics 
may be used for the purpose of controlled hypotension. 
Remifentanil is an opioid analgesic and is a µ-opioid receptor 
agonist. Due to being metabolized by non-specific esterases 
having very fast clearance, and its provision of rapid recovery, 
it is often used in the clinics for the purpose of controlled 
hypotension (8). However, inadvertent formation of free 
oxygen radicals is possible during hypotension application 
(7). Thiol-disulfide homeostasis can be affected very rapidly 
from oxidative changes, and oxygen radicals are likely to alter 
hemostasis. In cases where hypoxia or ischemia is possible, 
blood thiol-disulfide levels of the patient provide valuable 
information about the state of oxidative stress (9,10). The 
aim of this study was to evaluate the effects of oxidative 
stress caused by hypotensive anesthesia on thiol-disulfide 
homeostasis in mastoidectomy-tympanoplasty cases 
undergoing controlled hypotension with remifentanil.

2. METHODS

2.1. Hypothesis and Number of Patients

The study hypothesis (H1) was established as “controlled 
hypotension creates a significant change in patients’ blood 
thiol and disulfide levels.” Since the change of blood thiol 
and disulfide levels of patients were a dependent variable 
based on initial value (t0), there was no control group in this 
study. In other words, since the measured thiol-disulfide 
blood values were compared with the t0 value, the t0 value 
constituted the control group.

As a result of power analysis (gPower 3.1.9.2, Franz Paul, 
Universitat Kiel, 2014, Germany) conducted by assuming that 
20% change in time between time slices in blood thiol and 
disulfide levels was considered to be significant by using study 
data obtained from normal volunteers [5], it was estimated 
that the study should include 49 patients (Effect Size 0.5, 
α=0.05, 1-β=0.82). Fifty patients were planned to be included 
in the study by taking into consideration the patients that 
may be excluded from the study due to unforeseen issues.

2.2. Patient Group

The study was conducted following the approval of the 
Ankara Atatürk Training and Research Hospital Clinical 
Research Ethics Committee (Approval Date: 14.1.2015, No: 
26379996/03). Written informed consents were obtained 
from the patients included in the study. Adult patients 
undergoing mastoidectomy and tympanoplasty surgery in 
ASA I risk group were included in the study. Patients that 
had any abnormal values in their preoperative routine 
examinations, patients with known comorbidities, and 

patients that had continuous drug use were not included in 
the study. Patients with difficult intubation during anesthesia, 
allergies or intraoperative acute cardiac or respiratory 
problems, and other unpredictable anesthesia-related 
complications were determined as exclusion criteria. The 
patients were evaluated in the anesthesia outpatient clinic 
one day before the operation. Patients without any abnormal 
findings were included in the study.

2.3. Anesthesia Practice

After the patients were taken to the operation room, routine 
monitoring (5-lead ECG, Pulse Oximeter, and non-invasive 
arterial blood pressure cuff) and intravenous (IV) access with 
an appropriate catheter were provided. Intraoperative fluid 
requirement was satisfied with crystalloid 0.9% NaCl solution 
as 8-10 ml/kg by also evaluating the fasting status of the 
patients. Lidocaine 1 mg/kg, Propofol 3mg/kg, rocuronium 
0.5 mg/kg and remifentanil 1 µg/kg were administered 
intravenously for induction of anesthesia following 3 min 
preoxygenation. Remifentanil infusion was commenced after 
induction and continued by gradually increasing until the 
target mean arterial pressure (MAP) value reached to 60-65 
mmHg (0.125-0.5 µg/kg/min). All patients underwent invasive 
arterial blood pressure monitoring with a 22 G cannula from 
the radial artery (after the Allen test) to ensure frequent 
drawing of blood and to carry out strict blood pressure 
monitoring. The maintenance of anesthesia was continued 
with remifentanil infusion along with 2% sevoflurane/40% 
O2/air mixture. Ventilation was ensured with an end-tidal 
CO2 (ETCO2) pressure of 32-36 mmHg. In the event that the 
heart rate drops below 50/min, 0.5 mg of atropine IV was 
administered. Mean arterial pressure values that continued 
below 60 mmHg for 1 minute and above were accepted as 
hypotension, remifentanil dosage would be halved, and if 
it would not reach normal values within 5 minutes, it was 
stopped till mean arterial pressure would reach normal 
values, and ephedrine 5 mg IV was administered. Remifentanil 
infusion was continued when normal mean arterial pressure 
was maintained. For postoperative analgesia remifentanil 
infusion was terminated with contramal 50 mg IV close to the 
end of the case (10 min before). The patient was extubated 
abiding by extubation criteria and was taken to the recovery 
unit. An intraarterial catheter was withdrawn in the recovery 
unit and patient was sent to the ward when Aldrete score 
was sufficient.

2.4. Blood Sampling, Analysis and Interpretation of Results

A total of 5 blood samples were collected, namely, before 
induction (t0) in the preoperative operation room, after 
intraoperative intubation (t1), at the 1st hour (t2), at the 2nd 
hour (t3), and after recovery (when Aldrete score = 10) (t4). 
Blood samples were centrifuged at 3600rpm for 10 minutes. 
Serum/plasma samples were separated and stored at – 80°C. 
Total thiol (TT) and native thiol (NT) levels were measured 
simultaneously in all blood samples. Disulfide (SS), disulfide/
native thiol (SSNT), disulfide/total thiol (SSTT) and native 
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thiol/total thiol (NTTT) values were also calculated using 
these parameters. Tests were evaluated by a new technique 
developed by Prof. Dr. Ozcan Erel (5) and were interpreted 
by him. Cost of kits and tests were covered by Prof. Dr. Ozcan 
Erel.

2.5. Collection of Data

Age, sex, height, body weight values of patients, duration 
of anesthesia, duration of surgery, and blood samples 
obtained at t0, t1, t2, t3, and t4 time slices were collected 
as anonymous data. Collected data were recorded using 
Excel software (Excel 2010© for Windows v14.0.7, Microsoft 
Corporation).

2.6. Statistical Analysis

The distribution of the data of each parameter was evaluated 
by Shapiro-Wilk test. The data showed normal distribution. 
Age, height, body weight data were given in tables by 
calculating mean and standard deviation. Paired-T test was 
used to compare TT, SS, NT, NTTT, SSTT, and SSNT values with 
t0 value at t1, t2, t3, and t4 time slices. p<0.05 was considered 
significant. SPSS 23 software (2015, IBM SPSS Statistics for 
Windows, Version 23.0. Armonk, NY: IBM Corp.) was used for 
statistical estimations.

3. RESULTS

A total of 50 patients in ASA I risk group were included in 
the study. One patient was excluded from the study due to 
the fact that the targeted mean arterial pressure values could 
not be reached during the operation. The mean age of the 
patients was 37.0±10.7 years, and 57.1% of the patients were 
male. BMI measurements were 26.0±4.2. Demographic data 
of patients are given in Table 1.

Table 1. Demographic data of patients
Parameter Value
Age (year) 37.0±10.7
Gender* Male 28 (57.1)

Female 21 (42.9)
Height (cm) 169.5±7.0
Weight (kg) 74.9±13.4
BMI (kg/m2) 26.0±4.2

Values are presented as mean ± standard deviation of the parameters; 
*values are presented as number and percent of cases [n (%)]; BMI: body 
mass index.

None of the patients included in the study had difficult 
intubation and any complications of surgery and anesthesia. 
The mean duration of anesthesia was 119.1±37.1 minutes, 
and the duration of surgery was 94.5 ± 33.2 minutes. Since 
the anesthesia time of all patients was 60 minutes or more, 
t0, t1, t2, and t4 samples could be obtained. However, 
t3 blood samples were obtained from 25 patients with 
anesthesia duration of 120 minutes or above. Medications 

were administered to all patients without any issues within 
the study protocol, and MAP, ETCO2, and other vital signs 
were kept at the desired values. None of the patients required 
Atropine, but 4 (8.2%) patients required the administration 
of 5 mg ephedrine.

There was a progressive decrease in TT and NT values of 
patients at all times during the operation (Figure 1), and 
when all measurement values were compared with t0 
values, there was a significant decrease in t3 TT, NT, and SS 
levels. Thiol values more or less returned to baseline values 
following recovery (p>0.05). The change of TT, NT, SS, SSTT, 
SSNT, and NTTT values of patients throughout the operation 
is given in Table 2.

Figure 1. The change in TT and NT values of the blood samples of 
patients taken during the operation. NT: Native Thiol, TT: Total Thiol, 
t0: before anesthesia, t1: after intubation, t2:1st hour, t3:2nd hour, 
t4: after anesthesia, * p<0.05 statistically significant, t3-t0: paired 
T-test

Table 2. The change of TT, NT, SS, SSTT, SSNT, and NTTT values of 
patients throughout the operation

t0 (n=49) t1 (n=49) t2 (n=49) t3 (n=25) t4 (n=49)
TT (μmol/L) 319.4±84.1 315.7±65.6 310.9±84.1 292.2±59.8* 317.8±72.6
NT (μmol/L) 287.6±75.1 280.4±60.8 279.3±78.2 263.0±54.0* 287.1±71.1
SS (μmol/L) 15.9±8.3 17.6±7.0 15.8±7.3 14.6±7.6* 15.3±6.0
SSTT (μmol/L) 4.8±2.1 5.6±2.1* 5.2±2.2 5.0±2.4 5.0±2.3
SSNT (μmol/L) 5.5±2.6 6.4±2.7* 5.9±2.8 5.7±3.0 5.7±3.0
NTTT (μmol/L) 90.3±4.1 88.9±4.2* 89.7±4.4 90.1±4.8 90.0±4.6

TT: Total Thiol, NT: Native Thiol, SS: Disulfide, , SSTT: Disulfide/Total Thiol, 
SSNT: Disulfide /Native Thiol, NTTT: Native Thiol/Total Thiol

It was established in t1 blood samples that mean blood SS 
levels of patients had an increase, and that these levels 
started to decrease throughout the operation. The increase 
in t1 SS values was not statistically significant when 
compared with baseline values, but the decrease in t3 value 
was found as significant (Figure 2). It was observed that 
mean SSNT and SSTT rates in t1 blood samples increased, 
and that the values decreased and went back to the initial 
values during the operation. The increase after anesthesia 
induction was found as statistically significant (p<0.05) 
(Figures 3 and 4).
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Figure 2. The change in SS values of the blood samples of patients 
taken during the operation. SS: Disulfide, t0: before anesthesia, t1: 
after iIntubation, t2: 1st hour, t3: 2nd hour, t4: after anesthesia., * 
p<0.05 statistically significant, t3-t0:paired T-test

Figure 3. The change in SSNT and SSTT rates of the patients 
throughout the operation. SSNT: (Disulfide/Native Thiol)x100 
SSTT:(Disulfide/Total Thiol)x100, t0: before anesthesia, t1: after 
intubation, t2: 1st hour, t3: 2nd hour, t4: after anesthesia, *p<0.05 
statistically significant, t1-t0: paired T-test

Figure 4. The change in NTTT rates of the patients throughout 
the operation. NTTT: Native Thiol/Total Thiol)x100, t0: before 
anesthesia, t1: after intubation, t2: 1st hour, t3: 2nd hour, t4: after 
anesthesia, values are presented as mean of the parameters,*p<0.05 
statistically significant, t1-t0:paired T-test

4. DISCUSSION

In our study in which we evaluated the effects of controlled 
hypotension on dynamic thiol homeostasis reflecting 
biochemical evaluation of oxidative stress changes, we 
established thiol-disulfide blood changes accordant with 
stress factors. In our literature review, we did not find any 
study examining the effects of controlled hypotension on 
thiol balance. Therefore, since articles that can be taken as 
a reference for the evaluation of the results are nonexistent, 
we assessed our results in the light of studies on the effects of 
various diseases, general anesthesia, and other interventions 
on thiol-disulfide balance.

Thiols acting as fast electron acceptors have negative 
standard reduction potential. When an oxidant interacts 
with a thiol group, it is neutralized to a relatively less toxic 
byproduct than the oxidized thiol. Plasma TT (-SH+-S-S-), 
NT (-SH), and SS (-SS-) levels are more frequently used for 
routine diagnoses and follow-ups of numerous diseases and 
metabolic syndromes (5). Thiol-disulfide deposition may 
occur in extremely oxidative situations. Increased disulfide 
levels were often associated with increased oxidative 
stress states (diabetes mellitus, atherosclerosis, cancer, 
hypertension, etc.) (11-13). Similarly, in their study, Topuz et 
al. found that thiol-disulfide mechanism plays an important 
role in acute pulmonary embolism conditions (14).

Controlled hypotension in tympanoplasty cases is a 
frequently used method for reducing blood loss and 
providing better visibility in the surgical field. However, 
controlled hypotension can disrupt the microcirculatory 
autoregulation by suppressing the autonomic nervous 
system, thereby leading to end organ damage (15). However, 
there are no studies on mortality and morbidity except 
for the very old studies on this subject (16). Disruption of 
microcirculatory autoregulation may cause oxidative stress in 
addition to anesthesia and surgical stress response (17,18). 
Oxidative stress plays an important role in the pathogenesis 
of numerous diseases. Therefore, the importance of thiol-
disulfide balance increases. Thiol disulfide values measured 
by manual and difficult methods have become very easy 
thanks to the automated method developed by Erel et al. (5). 
Thiol balance is a dynamic process that can manifest long-term 
pathologies as well as detecting momentary abnormalities. 
In our study, we showed that thiol and disulfide values 
changed significantly during intubation process. It is a correct 
approach to benefit from dynamism of thiol-disulfide tests in 
the field of anesthesia in which bleeding and ischemia, and 
thus, oxidative stress.

 The rapid change of thiol and disulfide blood levels creates 
difficulty in determining normal values. In our study, we found 
t0 thiol values close to normal values established by Erel et al. 
(5) but slightly lower in the preoperative period. We believe 
that this may be due to thiol value change stemming from 
preoperative stress, despite our patient group comprised of 
patients that had no health issues other than the surgical 
intervention that they would undergo.
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Anesthesia triggers inflammatory processes during surgery. 
The emergence of inflammatory mediators and free radicals 
also causes membrane damage of peroxidation products 
(19). Anesthetic agents used in studies have been reported to 
affect oxidative stress (20-22). In our study, we avoided using 
thiol containing sodium thiopental as anesthesia induction 
agent in order not to affect laboratory values, and we opted 
for using propofol that decreases oxidative stress by reducing 
lipid peroxidation (23,24). The balance between prooxidants 
and antioxidants in our body may be temporarily disrupted 
by volatile anesthetic agents. Studies have shown that 
sevoflurane is converted to free oxygen radicals by the enzyme 
CYP2E1 (25,26). Sevoflurane enhances lipoperoxidation in 
vivo and in vitro by inhibiting antioxidant enzymes (27). In 
addition to these studies, in their study that evaluated the 
oxidant and antioxidant effects of sevoflurane, desflurane, 
and propofol infusions in patients undergoing laparoscopic 
cholecystectomy, Erbas et al. found the antioxidant effects of 
sevoflurane and propofol as significantly higher (21).

In this study, a statistically significant increase was established 
in SSNT and SSTT values of patients after intubation. In our 
literature review, we found that pre-oxygenation conducted 
with 100% oxygen during induction period was reported 
to cause an increase in oxidative stress (28). We also 
preoxygenated our patients for 3 minutes during induction 
of anesthesia. In addition, it may be suggested that the 
formation of inflammatory and catabolic state through 
stress response during endotracheal intubation contribute 
to the increase in oxidation, leading to a rise in SS level. In 
the following periods of the operation, the graph of the SS 
level was interpreted as oxidative stress continuing albeit in 
a diminishing manner. When SSNT and SSTT elevation are 
evaluated in detail, it is observed that the increase in SS level 
and the decrease in NT level are effective. Our study showed 
that SS level increased rapidly and NT level decreased in case 
of stress.

In their study that evaluated thiol-disulfide balance of various 
pressures and albumin modified by ischemia in 36 child 
patients that would undergo laparoscopic surgery, Ozgunay 
et al. (29) did not find any difference in thiol-disulfide 
balance but established the albumin values that ischemia 
modified as high. In another study conducted by Polat et 
al. (30) on laparoscopic surgery, a significant decrease was 
established in NT, TT, and SS levels during operation. They 
did not establish any change in SSNT and SSTT levels. Unlike 
the study by Ozgunay, they did not find any statistically 
significant difference in ischemia-modified albumin levels. 
In their study that evaluated open surgery and laparoscopic 
surgery in previous hernia repair, Polat et al. established 
changes in sulfhydryl levels in both groups. TT, NT, and SS 
levels also manifested a decrease (t3) in our study. Unlike the 
above, increase was observed in SSTT and SSSNT levels in the 
blood sample drawn at the t1 time in our study. As explained 
above, post-intubation is associated with the occurrence 
of TT and NT decrease and SS value increase. Significant 
decrease of NTTT in t1 suggests that NT is instantaneously 
affected from oxidative stress. Long-term evaluation showed 

that SS, TT, and NT values continued to decrease in patients 
that underwent controlled hypotension. In our study group, 
since the mean duration of anesthesia was 119.1±37.1 
minutes, it was not possible to evaluate the actual effects 
of controlled hypotension. However, when the graphs are 
evaluated, it may be foreseen that thiol and disulfide values 
would decrease in long-term anesthesia.

Due to the fact that there was no previous study on the same 
subject and that thiol-disulfide blood levels could be affected 
by numerous individual factors, no control group was formed. 
As a control group, it was assumed that the change would 
be more significant compared to preoperative blood values 
of patients. The ability of anesthesia agents that does not 
directly affect thiol-disulfide balance to indirectly reduce or 
increase oxidation makes it difficult to fully understand the 
effects of controlled hypotension.

5. CONCLUSION

We evaluated in our study the change in thiol and disulfide 
blood values in tympanoplasty cases that underwent 
controlled hypotension. We found that the stress response 
after intubation increased SSNT and SSTT levels and 
decreased NTTT. We predicted that SSNT, SSTT, and NTTT 
values can be used in rapidly developing conditions. In 
addition, we found that NT, TT, and SS values decreased 
progressively during controlled hypotension. We showed 
that oxidative stress increased as the duration of controlled 
hypotension is prolonged. Since the measurement of thiol-
disulfide blood values is able to show the instantaneous 
state of oxidative stress, it can be used in anesthesia practice 
where every event occurs very quickly.
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