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1 | INTRODUCTION

Hypotensive anaesthesia is widely used in head and neck surgery.l'
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Abstract

Objective: We aimed to investigate the effects of hypotensive anaesthesia on oxida-
tive stress with serum thiol/disulphide balance in patients undergoing elective septo-
plasty procedures under general anaesthesia.

Methods: Seventy-two patients between the ages of 18-60, with a physical condi-
tion | -Il, according to the American Society of Anesthesiologists, were included in
this prospective observational study. Septoplasty was chosen for standard surgical
stress. According to the maintenance of anaesthesia, patients were divided into the
groups as Hypotensive Anaesthesia (n = 40) and Normotensive Anaesthesia (n = 32).
Serum thiol/disulphide levels were measured by the method developed by Erel &
Neselioglu.

Results: The native thiol and total thiol values of both groups measured at the 60th
min intraoperatively were significantly lower than the preoperative values (both
P < .01). Intraoperatively, at the 60th min, there was no significant difference in terms
of post-native thiol and post-total thiol levels between hypotensive and normoten-
sive anaesthesia groups (P = .68 and .81, respectively). Age >40 years and female
gender were found to have a significant effect on dynamic oxidative stress (P =.002
and .001, respectively).

Conclusion: This pilot study has found that hypotensive anaesthesia had no adverse

effect on dynamic thiol/disulphide balance in elective surgeries.

to monitor the adequacy of organ blood flow.®? Another suggested

method to monitor tissue ischemia is to measure oxidative stress

4 level.X®

The mean arterial blood pressure is lowered by 20%-30% with vari-
ous drugs and methods to alleviate blood loss or to improve the qual-
ity of the surgical field.>® There are concerns about tissue ischemia
with controlled hypotension due to hypoperfusion of organs.7 Due
to differences in patients’ susceptibility to organ hypoperfusion; it
is not clear to what extent blood pressure may be reduced. Serum

lactate level, base deficit, and infrared spectroscopy have been used

Oxidative stress is highly susceptible to patient-and procedure-related
factors like smoking, drugs administered in the perioperative period, gen-
eral anaesthesia, and surgical trauma.***® Erel and Neselioglu developed
an automated method that directly measures serum thiol/disulphide
levels.X* Thiols are organic compounds that protect against cell damage
caused by reactive oxygen species.}>¢ The thiol/disulphide balance may
be used as a marker of oxidative stress level, thus tissue ischemia.

[Correction added on 23 September 2021, after first online publication: Affiliations were corrected for the third, and fifth to seventh authors in this version.]

Int J Clin Pract. 2021;75:e14838.
https://doi.org/10.1111/ijcp.14838

wileyonlinelibrary.com/journal/ijcp

© 2021 John Wiley & Sons Ltd 1of7


www.wileyonlinelibrary.com/journal/ijcp
mailto:﻿
https://orcid.org/0000-0002-3833-0692
https://orcid.org/0000-0003-1110-6786
https://orcid.org/0000-0001-8321-4829
https://orcid.org/0000-0002-3955-8242
https://orcid.org/0000-0003-3423-6938
https://orcid.org/0000-0001-9245-1551
https://orcid.org/0000-0003-3662-1629
https://orcid.org/0000-0002-0759-4716
https://orcid.org/0000-0002-2996-3236
https://orcid.org/0000-0002-0974-5717
mailto:leyla.kazancioglu@erdogan.edu.tr
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fijcp.14838&domain=pdf&date_stamp=2021-09-18

KAZANCIOGLU ET AL.

20f7 @[8Y THE INTERNATIONAL JOURNAL OF
WILEY-CLINICAL PRACTICE

We designed a prospective, observational study to investigate
the effect of hypotensive anaesthesia on oxidative stress with serum

thiol/disulphide balance in elective septoplasty operations.

2 | MATERIAL AND METHODS

This study was designed as a prospective observational study.
The study protocol was recorded in the Clinical Trials database
(NCT03501563). Ethics committee approval was obtained from
Recep Tayyip Erdogan University Research Ethics Committee
(Number: 2018/63) and the study was performed in conformance
with the ethical guidelines of the Declaration of Helsinki. All patients
were informed in detail about the objective of the study and signed
informed written consent forms.

Patients scheduled for elective septoplasty surgery due to nasal
septum deviation between April-September 2018, aged 18-60 years
with American Society of Anesthesiologists physical status of 1-2
were included in the study. All surgeries were performed by the
same surgical team.

Patients with uncontrolled hypertension, diabetes mellitus, cere-
brovascular disease, morbid obesity defined as body mass index 235,
anaemia, pregnancy, chronic kidney disease, carotid artery steno-
sis, history of antioxidant drug use during the last month, and with
known allergies to study drugs were excluded.

2.1 | Control and study groups

Patients’ anaesthetic charts were reviewed independently by two
anaesthesiologists. Patients were allocated to normotensive anaes-
thesia group (Group N) if their mean arterial blood pressures were
maintained within +20% of preoperative mean arterial blood pres-
sure. Patients were allocated to the hypotensive anaesthesia group
(Group H) if their mean arterial blood pressures were maintained be-
tween 55 and 65 mmHg, or patients’ systolic blood pressures were
maintained as <100 mmHg.

2.2 | Anaesthesia management

Perioperative anaesthetic care was standardized as follows: 5 mL/
kg of iv isotonic fluid was infused within 30 min before the induc-
tion of anaesthesia, through an 18-gauge cannula inserted into the
left brachial vein. A 20-gauge iv cannula inserted into the dorsum of
the right hand was used to draw venous blood samples. Three-lead
electrocardiogram, noninvasive arterial blood pressure on right arm,
peripheral oxygen saturation(SpO2) via left hand, end-tidal carbon
dioxide (EtCO,), body temperature on the left axilla, neuromuscular
functions (Datex-Ohmeda M-NMT module; Datex-Ohmeda), bispec-
tral index (BIS, Vista Monitoring System) were monitorised.

Blood pressure was measured on the operating table, when

the infusion of isotonic fluid finished, and patients rested for 5 min

What is already known

e Oxidative stress is highly susceptible to patient-and
procedure-related factors like smoking, drugs adminis-
tered in the perioperative period, general anaesthesia,
and surgical trauma.

e Erel and Neselioglu developed an automated method
that directly measures serum thiol/disulphide levels.

e The thiol/disulphide balance may be used as a marker of
oxidative stress level, thus tissue ischemia.

What this paper adds

e Hypotensive anaesthesia had no negative effect on dy-
namic thiol/disulphide balance in patients undergoing

elective surgeries.

in supine position. Baseline mean arterial blood pressure was cal-
culated by averaging three consecutive measurements at 5 min
intervals.

During preoxygenation, 1 pg/kg iv remifentanil was infused
within 60 seconds, and remifentanil infusion was started at a rate
of 0.25-0.5 pg /kg-/ min. Neuromuscular blockage was obtained
with 0.6 mg/ kg rocuronium bromide. Train of four test (TOF) was
used which was performed by peripheral nerve stimulator with the
purpose to determine the degree of muscle relaxation. Orotracheal
intubation was performed after the disappearance of twitches in
TOF. Mechanical ventilation was induced with 6 ml/kg tidal volume
by ideal body weight. 5 cmH,O positive end-expiratory pressure
with volume-controlled mode (Drager Primus anaesthesia machine,
Drager Medical, Libeck, Germany). Anaesthesia was maintained
with 3%-6% desflurane, adjusted to maintain a BIS value within
50%-60% with 2/ L/min fresh gas flow (50% O,). Any TOF response
of >2 twitches were treated with 0.2/mg/kg rocuronium bromide.

Hypotension was defined as mean arterial blood pressure (MAP)
<50 mmHg and treated with 5 mg of iv ephedrine. Bradycardia was
defined as heart rate (HR) <45 beats /min and treated with 0.5 mg
of iv atropine.

All patients received an infusion of 100 mg of iv tramadol and
a bolus dose of 8 mg of iv ondansetron 15 min before end of the
surgery. After completion of surgery, and following a TOF value of
>75%, 15 pg/kg iv atropine and 50pg/kg iv neostigmine were ad-
ministered. Following a BIS value >80%, and patient's compliance
to verbal commands, trachea was extubated. All patients were ob-

served in the postoperative recovery unit.
2.3 | Data collection
MAP, HR, SpO,, EtCO,, BIS values were recorded before anaes-

thesia induction, after tracheal intubation, and at 5 min intervals

thereafter. The venous blood samples were taken 10 min before the
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preoperative anaesthesia induction and at the 60th min intraoper-
atively. All blood samples and MAP, HR, SpO2, EtCO2, BIS values

were collected and read by the same researcher.

2.4 | Biochemical analysis

Venous blood samples were collected in biochemistry tubes con-
taining coded anticoagulants and serum separators. Tubes were
centrifuged at 1500 rpm for 10 min and stored in -80°C dry envi-
ronment by freezing. Thiol/Disulphide homeostasis tests were per-
formed using Erel and Neselioglu's spectrophotometric method.*
Disulphide bonds were first reduced to form free functional thiol
groups with sodium borohydride. Accumulating sodiumborohydride
was consumed and removed with formaldehyde to prevent reduc-
tion of 5,5'-dithiobis- (2-nitrobenzoic) acid (DTNB). After reaction
with DTNB, all thiol groups were reduced, including “disulphide”,
“native thiol” and “total thiol” groups. After determination of native
and total thiols, disulphide amounts were calculated as disulphide/
native thiol, disulphide/total thiol, and native thiol/total thiol per-

centage rates.

2.5 | Statistical analysis

Sample size was calculated as 31 for each group with G*Power soft-
ware (Franz Faul, UniversitatKiel) version 3.1.9.4 (effect size: 0.65,
type 1 error:0.2, type 2 error: 0.05).

Statistical analysis was done with SPSS for Windows version
22 (IBM). Distribution of continuous variables was tested with the
Kolmogorov-Smirnov test. Normally distributed data were given as
mean + standard deviation. Others were given as median (interquar-
tile range). Categorical data were given as number (%). Intergroup
differences as for age, gender, ASA, body mass index (BMI), surgi-
cal time, baseline physiologic values and laboratory measurements
were analysed with dependent samples t-test.

Repeated measurements (MAP, HR, SpO,, EtCO2, BIS values,
laboratory measurements) were examined with Analysis of Variance
test. Due to low sample size, the effects of patient characteristics
(age, gender, BMI) on thiol/disulphide levels were examined with bi-
nomial test. Due to lack of any significant correlation, further anal-
ysis was not performed. A P value < .05 was considered statistically
significant.

3 | RESULTS

Study flow diagram is given in Figure 1. Briefly, a total of 92 patients
were included in the study; data from 72 patients were analysed.
Patient characteristics are given in Table 1.

Native thiol, total thiol values and native thiol/total thiol ratio are
given in Figure 2. Preoperative native thiol (Group H: 402.7 + 32.2
Imol/L, Group N: 406.7 + 33, 4 Imol/L) and total thiol values (Group
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H: 444.4 + 39.5 Imol/L, N: 444.4 + 35.9 Imol/L) were similar be-
tween hypotensive and normotensive anaesthesia groups (P = .61,
and .96, respectively).

Post- native thiol (Group H: 324.5 + 56.5 Imol/L, Group
N: 328.3 + 28.2 Imol/L )and post- total thiol values (Group H:
360.4 + 59.9 Imol/L, Group N: 363.1 + 35.4 Imol/L) measured at the
60th min intraoperatively were significantly lower than the preoper-
ative values (P < .01 and .01, respectively). However, preoperative
native thiol/total thiol ratio was preserved at the 60th min in hypo-
tensive and normotensive anaesthesia groups (P > .05).

Intraoperatively, at the 60th min, there was no significant differ-
ence between hypotensive and normotensive anaesthesia groups in
terms of post- native thiol and post- total thiol levels (P =.68 and .81,
respectively) (Figure 2).

Disulphide levels are given in Figure 3. Serum post-disulphide
levels, disulphide/native thiol ratios and disulphide/total thiol ra-
tios at the 60th min were similar to the preoperative values in both
groups (P > .05).

The effects of age, gender, ASA, BMI, and surgical time on dy-
namic oxidative stress measurements were evaluated by logistic re-
gression analysis. Age >40 years and female gender were found to
have a significant effect on oxidative stress levels (P =.002 and .001,

respectively).

4 | DISCUSSION

This study has demonstrated that hypotensive anaesthesia is a safe
method in terms of oxidative stress in patients with ASA 1- 2 sta-
tus. Serum thiol and disulphide measurements decreased to normal
values in all patients who underwent septoplasty operation under
general anaesthesia. However, there was no significant difference
between hypotensive and normotensive anaesthesia groups in
terms of post- native thiol and post- total thiol levels and hemody-
namic management had no observable effect.

Septoplasty procedure was chosen as it has minimal and stan-
dard surgical stress. Also, there are previous studies investigating
oxidative stress in septoplasty procedures, providing a rich database
to compare our results.’”*® However, we are not aware of any study
investigating the effects of hypotensive anaesthesia on oxidative
stress.

It has been reported that ischemic damage due to hypoperfusion
may develop in some surgeries where hypotensive anaesthesia is ap-
plied.}"?2 Some studies have used organ-specific biomarkers?>?* to
demonstrate ischemia at the cellular level, while others have used
oxidative stress markers.?>

We did not expect ischemia at the organ level because ASA | and
Il patients without diabetes and similar chronic diseases were included
in our study. Therefore, oxidative stress markers were preferred to de-
tect ischemia at the cellular level. The reduction of thiol levels at the
60th min in both groups is consistent with the literature.??? The sim-
ilar level of decline suggests that the cause is due to surgical stress or

anaesthetic drugs rather than hemodynamic management.
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CONSORT 2010 Flow Diagram

[ Enrollment ]

Assessed for eligibility (n=92)

Excluded (n=8)
+ Not meeting inclusion criteria (n=8)

Patients analyzed (n=84)

Patients who had received controlled

anesthetic records

4 ( Assessment of ) l

Patients who had not received controlled

hypotension (n=48)

hypotension (n=36)

+Lost to follow-up (Intraoperative hypotension) l Follow-Up J +Lost to follow-up (n=0)
(n=5)
+Discontinued intervention (inadequate
+Discontinued intervention (inadequate venous venous blood sample) (n=4)
blood sample) (n=3)
l J Analysis l y
Analysed (n=40) Analysed (n=32)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

FIGURE 1 Study flow diagram

The effects of surgical stress are manifested primarily by surgical
trauma and then by stress response defined by the host's neuro-
humoral, immunological and metabolic changes.® The main mecha-
nism is increased catabolism and oxygen consumption. In this study,
surgical stress was standardized by selecting a uniform operation
and performing the procedure by the same surgeons. The increase
in catabolism and oxygen consumption was standardized with an-
aesthesia applied under the guidance of neuromonitorisation and
neuromuscular monitoring.

Akin et al evaluated the effect of general and spinal anaesthe-

sia on oxidative stress parameters in ASA |-l patients undergoing

elective caesarean delivery and reported that general anaesthesia
had more negative effects on dynamic thiol disulphide balance.®!
This result suggests that general anaesthesia may be effective in de-
creasing thiol levels in our study.

Cukurova et al examined oxidative chromosomal damage
in bronchoalveolar lavage samples and in plasma in lumbar dis-
cectomy surgeries performed with sevoflurane and desflurane.
The authors noted that both inhalation agents cause damage in
bronchoalveolar cells. They also reported that local genotoxicity
and systemic oxidized chromosomal damage were similar in both

groups.®?
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TABLE 1 Patient characteristics. Values are expressed as
mean + standard deviation, or number (percent %)

Group H Group N P
(n = 40) (n=32) value
Age, years 31+114 30.8+93 957
Female gender, n (%) 24 (%60) 10 (%31) 677
BMI, kg m™ 244 +4.6 247 + 3.8 .698
ASA score |, n (%) 36 (%90) 21 (%65) .539
Duration of operation, min 83.2+14.7 83.3+119 992
Mean arterial blood pressure, mmHg
Basal 92.8 +9.6 954 +9.7 .248
Post-induction 68.2+5.5 78.6 + 6.4 <.001
15 min 62.7 +4.8 76.8 +5.1 <.001
30 min 60.7 + 3.4 74.2+5.2 <.001
60 min 60.9 +2.8 75.3+5.1 <.001

Abbreviations: BMI, Body Mass Index; Group H, Hypotensive
Anaesthesia; Group N, Normotensive Anaesthesia.
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thiol, total thiol, native/total thiol ratios; and higher disulphide, di-
sulphide/native thiol, disulphide/total thiol ratios in patients with
masked hypertension.®* Since their results are contradictory to ours,
we believe that our results are not affected by masked hypertension.
Although anaesthesia and surgical methods are standardized, it is
possible that phenotypic differences that have not been detected
yet have affected the outcome.%®

Another limitation of our study is that patients were not random-
ized in terms of smoking, diet and similar lifestyle parameters that
might affect oxidative stress. Since the number of patients in this
pilot study is insufficient to examine the effects of these and other
parameters on oxidative stress, randomized controlled trials involv-
ing a large number of patients are needed.

In addition, the variable course of MAP in our normotensive
group resulted in similar oxidative stress levels between the groups.
Therefore, a controlled study in which normotensive anaesthesia
is standardized could provide more reliable results. Patients with

uncontrolled hypertension were excluded from this study, and pa-

T-test, p=0.81

. Hyputensive group
. NOHMOTENSE rotp

T-test, p=10.32 T-test, p=053

. Hyputensive group
. Netmotenshe froup
§ 4

o e
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\ ! \
postiotaltiyol pre.tt postit

(tt: native thiol/total thiol ratio)

FIGURE 2 Native thiol, total thiol values and native thiol/total thiol ratio. Pre, Preoperative; Post, Intraoperatively at the 60th min; tt,
native thiol/total thiol ratio [ Hypotensive group; B Normotensive group

Ozcan et al showed that the effects of sevoflurane on oxidative
damage were more pronounced in their studies comparing to the ef-
fects of sevoflurane and desflurane on thiol-disulphide homeostasis
in patients undergoing laparoscopic cholecystectomy.3?

Cukurova and Ozcan's results suggest that inhalation anaes-
thetic agents may cause varying levels of oxidative damage in dif-
ferent individuals.3?%® Therefore, the adaptability of the results of
our study to different patient populations or anaesthetic agents
is limited.

Patients whose blood pressure cannot be reduced to hypo-
tensive targets may possibly have masked hypertension. Ates
et al studied the effect of masked hypertension (office measure-
ments >130/80 mmHg or at home measurements >135/85 mmHg)

on dynamic thiol/disulphide balance. They reported lower native

tients with ASA |-l status were included. However, there are studies
where only ASA | patients were analysed.2 It is possible that includ-
ing different ASA groups may provide different results.

On the other hand, we could include another oxidative stress
marker to compare our results and this would increase the strength
of our study. Furthermore, patient-related factors known to affect
susceptibility to oxidative stress such as smoking and perioperative
medications could not be assessed.

Lastly, this pilot study aimed to investigate the effects of hypo-
tensive anaesthesia alone. In this regard, a surgery such as septo-
plasty was chosen, where bleeding and morbidity are not expected.
Repeating this study using more invasive surgical procedure may

yield different results.
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In conclusion, it was found that hypotensive anaesthesia had no
negative effect on dynamic thiol/disulphide balance in patients un-
dergoing elective surgeries with a physical condition | -1l in this pilot
study. Other controlled clinical studies randomizing lifestyle param-
eters and examining dynamic thiol/disulphide homeostasis in more

invasive surgeries are required.
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