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Comparison of the Effects of Anesthesia Methods on Dynamic Thiol/Disulfide
Homeostasis in Patients with Chronic Obstructive Pulmonary Disease Under

Surgical Stress

Cerrahi Stres Altindaki Kronik Obstruktif Akciger Hastahgr Olan Hastalarda Anestezi

Yontemlerinin Dinamik Tiyol/disiilfid Dengesine Etkilerinin Karsilastirilmasi

Fatma CELIK'" "~ Recai DAGLPE? "~ Bilal ILANBEY?

oz

Amag: Kronik Obstriiktif Akciger Hastaligi (KOAH), artan oksidatif stres ile baglantilidir. Anestezi uygulamalarina bagl olarak
degisen oksidatif stres durumu, cerrahi stresi ve postoperatif komplikasyon insidansini etkileyebilir.

Bu ¢alisma, inguinal herni operasyonu gegiren KOAH 11 hastalarda genel anestezi (GA) ve spinal anestezinin (SA) dinamik tiyol-
distilfid dengesi tizerindeki etkilerini karsilastirmay1 amaglamaktadir.

Araclar ve Yontem: KOAH’1n Teshisi, Yonetimi ve Onlenmesi icin 2017 Kiiresel Strateji Raporuna gére, hava akimi obstriiksiyonu
(%50<FEV 1<%79) ve FEV1/FVC<0.7 olan hastalar degerlendirildi. Bu gbzlemsel ¢alismaya inguinal herni cerrahisi planlanan, grup
GA (n=26) ve grup SA (n=26) olmak iizere toplam 52 KOAH hastas1 dahil edildi. Preoperatif donemde ve postoperatif 24. saatte kan
ornekleri alind1. Tiyol/disiilfid dengesinin parametreleri analiz edildi.

Bulgular: Hem grup GA hem de grup SA’da anestezi 6ncesine gore anestezi sonrasinda total tiyol, native tiyol ve disiilfid degerlerinde
bir azalma gozlendi. Ancak sadece Grup SA’da anestezi sonrasi total tiyol (p<0.01) ve nativ tiyol (p=0.012) degerlerinin anestezi
Oncesi degerlerine gore azalmas: istatistiksel olarak anlamliydi. Diger degiskenlerdeki degisim istatiksel olarak anlamli degildi. Grup
GA ve grup SA arasindaki karsilastirmalarda anestezi 6ncesi ve sonrasi tiyol/disiilfit degiskenlerinde kayda deger bir fark gézlenmedi.
Sonug: Cerrahi stres altindaki KOAH hastalarinda genel ve spinal anestezi yontemleri dinamik tiyol/disiilfid dengesi tizerine benzer
bir yanit gostermistir.

Anahtar Kelimeler: distilfid; KOAH; oksidatif stres; spinal anestezi; tiyol
ABSTRACT

Purpose: Chronic Obstructive Pulmonary Disease (COPD) is linked to increased oxidative stress. Changing oxidative stress status
due to anesthesia applications may affect surgical stress and the incidence of postoperative complications.

This study aims to contrast the impacts of general anesthesia (GA) and spinal anesthesia (SA) on the dynamic thiol -disulfide homeo-
stasis among patients with COPD who are undergoing inguinal hernia surgery.

Materials and Methods: According to the 2017 Global Strategy Report for the Diagnosis, Management and Prevention of COPD,
patients with airflow obstruction (50%<FEV1<79%) and FEV1/FVC<0.7% were evaluated. A total of 52 COPD patients, group GA
(n=26) and group SA (n=26), scheduled for inguinal hernia surgery were included in this observational study. Blood samples were
collected preoperatively and at 24 hours postoperatively. Parameters of thiol/disulfide balance were analyzed.

Results: In both group GA and group SA, a decrease in total thiol, native thiol and disulfide values was observed after anesthesia
compared to pre-anesthesia. However, only in group SA, the decrease in total thiol (p<0.01) and native thiol (p=0.012) values after
anesthesia was statistically significant. The change in other variables was not statistically significant. There was no significant differ-
ence between group GA and group SA in the thiol/disulfite variables before and after anesthesia.

Conclusion: General and spinal anesthesia methods demonstrated a similar response on dynamic thiol/disulfide homeostasis in COPD
patients under surgical stress.
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INTRODUCTION

The World Health Organization reports that the prevalence
of chronic obstructive pulmonary disease (COPD) is inc-
reasing day by day worldwide and it ranks as the third le-
ading cause of death.! COPD is a heterogeneous disease
characterized by permanent abnormalities in the airways
(bronchitis, bronchiolitis) and/or alveoli (emphysema). In-
flammation in the respiratory tract is accompanied by in-
creased airflow resistance. Airflow obstruction, hyperin-
flation, ventilation/perfusion mismatch, weakening hy-
poxic pulmonary vasoconstriction, hypoxemia, and hyper-
capnia lead to respiratory failure.? Therefore, the perioper-
ative anesthesia management of patients with COPD in-

volves numerous challenges.

Oxidative stress (OS) stands as a paramount factor in the
pathophysiology of COPD. Oxidative stress arises due to
an excess production of reactive oxygen species (ROS)
surpassing the inherent antioxidant defense mechanisms.*
5 Oxidative stress plays a key role in proteolytic activity,
gene expression of proinflammatory mediators, protein
modification, signal transduction, and apoptosis mecha-
nisms.5” Existing COPD may be exacerbated by increased
OS and other comorbidities may increase through systemic
0S.28 However, in the perioperative period, OS is associ-
ated with a complex acute phase response that includes
many factors such as the severity of tissue damage caused
by surgical intervention, anesthesia duration and tech-
nique, and underlying comorbidities.*° It is reported that
patients with COPD undergoing surgical procedures are at
high risk of morbidity and mortality.'®!* Additionally, in-
creased OS is associated with postoperative complica-
tions.12 Better clinical results and less postoperative com-
plications can be seen with the application of anesthesia,
which reduces exposure to 0S.#813-16 The mechanism un-
derlying this pathological link between often overlooked
OS and postoperative complications remains uncertain.
The main reason for this uncertainty could be the complex-
ity of measuring ROS and oxidative stress-mediated dam-
age.* Until today, OS levels have been studied using nu-
merous complex methods. The search for more practical
approaches in this regard continues. Studies on OS, partic-
ularly through the thiol/disulfide balance, are frequently
addressed in the current literature,*417-20

Dynamic thiol-disulfide homeostasis indicates the status of
thiols and disulfides in metabolism. Thiol compounds are
organic compounds that contain the sulfhydryl (-SH)
group, and this group helps prevent the formation of
oxidative stress. When oxidative stress is present, two thiol
groups undergo oxidation, leading to the formation of
reversible disulfide (-SS-) bonds. Converting disulfide
bonds into thiol structures ensures the continuous
equilibrium of dynamic thiol-disulfide homeostasis.? In
the past, the bidirectional dynamic nature of thiol-disulfide
homeostasis was analyzed in a unidirectional manner.
Today, with the method developed by Erel and Neselioglu,
the parameters in both directions of equilibrium can be
measured separately and collectively.’®* When we
reviewed the current literature, we found that there is not
enough research on the effects of anesthesia applications
on dynamic thiol/disulfide homeostatic status in COPD

patients.

In this study, dynamic thiol/disulfide homeostatic re-
sponses of general and spinal anesthesia methods in COPD
patients under surgical stress were evaluated.

MATERIALS and METHODS

Study Design and Ethical Considerations

This prospective observational study was approved by Ahi
Evran University Faculty of Medicine Clinical Research
Ethics Committee (date 10.10.2017 and number 2017-
15/174). The study was organized in accordance with the
principles set out in the Declaration of Helsinki.

Patients, Inclusion and Exclusion Criteria

The study was conducted at Kirsehir Ahi Evran University
Training and Research Hospital between January 2018 and
December 2018.

Patients scheduled for elective unilateral inguinal hernia
surgery were evaluated according to the Global Initiative
for Chronic Obstructive Lung Disease (GOLD) program's
Global Strategy for the Diagnosis, Management, and Pre-
vention of Chronic Obstructive Pulmonary Disease 2017
Report. Patients defined as GOLD 2, with airflow obstruc-
tion (50% < FEV1 < 79%) and a forced expiratory volume
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in 1. second to forced vital capacity ratio (FEV1/FVC) <

0.7, were accepted for the study.®

The research involved individuals aged 18 or above, diag-
nosed with COPD, and possessing an ASA (American So-
ciety of Anesthesiologists) physical status classification of
11. Patients who stopped smoking and alcohol at least 2
years before participating in the study were accepted.

The study excluded participants who were set to undergo
bilateral inguinal hernia surgery, individuals taking multi-
vitamins, those with inflammatory conditions, cancer di-
agnoses, established cardiovascular issues, cerebrovascu-
lar disorders, kidney or liver ailments, metabolic or endo-
crine disorders, current smokers and alcohol users, patients
with a body mass index (BMI) exceeding 35. Additionally,
patients with other lung diseases apart from COPD (e.g.,
tuberculosis, bronchiectasis) were also excluded from the
study.

Determining Sample Size

After the preliminary study, Priori power analysis was
used to determine the sample size. In the power analysis,
with 0=0.05 and Power (1-f)=0.80, the total sample size
was calculated as 52 for the independent t-test and 34 for
the paired t-test. Following the conclusion of the research,
a post hoc power analysis was performed to assess the
statistical power of the study findings. According to the
results of the power analysis, 52 subjects were used in the
study.

Procedure

Prior to the surgery, all patients underwent monitoring
using  non-invasive  blood  pressure  (NIBP),
electrocardiography (EKG) and peripheral oxygen
saturation (SpO2). Patients were subjected to intravenous
catheterization using an 18-G catheter, and intravenous
infusion of 10 ml/kg 0.9% NaCl was initiated. The type of
anesthesia was determined by the anesthetists who were
not included in the study, depending on whether the
patients accepted spinal anesthesia or not.

The study population consisted of 52 patients who were
categorized into two groups based on the administered

anesthesia technique: Group GA (General anesthesia,
n=26) and Group SA (Spinal anesthesia, n=26).

General Anesthesia Application

After monitoring the patients in the general anesthesia
group, venous blood samples were taken 5 minutes before
preoxygenation and at the postoperative 24th hour. Fol-
lowing preoxygenation at a rate of 4 L/min for 2 minutes,
the anesthesia induction was carried out using propofol (2
mg/kg), fentanyl citrate (2 pg/kg), and rocuronium bro-
mide (0.6 mg/kg). The patients were intubated after 2 mi-
nutes of ventilation with 100% O.. Anesthesia was main-
tained with 4L/min flow (50% O: + 50% dry air) and 2%
sevoflurane. For postoperative analgesia, a combination of
tramadol hydrochloride (1 mg/kg) and paracetamol (1 g
vial) infusion solution was administered. For decurariza-
tion, neostigmine methylsulfate (0.04 mg/kg) + atropine
sulfate (0.5 mg) were given.

Spinal Anesthesia Application

After monitoring, venous blood samples were collected
from patients in the spinal anesthesia group both before the
spinal procedure and at the 24-hour mark postoperatively.
With the patient in a seated position, the intrathecal space
between the L4-L5 vertebrae was accessed using a 26-
gauge atraumatic spinal needle (Atraucan; Braun, Ger-
many). A single dose of 0.5% hyperbaric bupivacaine hy-
drochloride (10 mg) was injected. The patient was posi-
tioned lying on their back, and the extent of sensory block
was assessed through the Pinprick test. The surgical pro-
cedure was initiated upon achieving the T10 dermatome
level with the spinal block.

Thiol/Disulfide Laboratory Examination

Two venous blood samples taken preoperatively and
postoperatively were collected in gel serum tubes. The
tubes were placed in a centrifuge and spun at 1500xg for
10 minutes. The resulting supernatant serum was then pre-
served at -80°C until the point of analysis for thiol-disul-
fide parameters. Using the technique outlined by Erel and
Neselioglu, the status of thiol-disulfide homeostasis was
examined via a commercial kit (Rel Assay Diagnostics,
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Gaziantep, Tirkiye) on the Cobas 501 autoanalyzer
(Roche Diagnostics, Germany).?? Calculations were
performed to determine dynamic parameters related to
thiol/disulfide  homeostasis, including ratios of
disulfide/native thiol (%), native thiol/total thiol (%) and
disulfide/total thiol (%). The recorded data encompassed
the age, body mass index (BMI), anesthesia method, and
dynamic thiol/disulfide homeostasis parameters of patients
diagnosed with COPD who had undergone inguinal hernia

surgery.
Statistical Analysis

In this study, primarily, the dynamic thiol/disulfide home-
ostasis parameters of both the GA and SA groups were
evaluated before and after surgical stress. Secondarily, the
thiol/disulfide homeostasis statuses between the GA and
SA groups were compared.

For this purpose, the data for native thiol (umol/L), total
thiol (umol/L), disulfide (umol/L), disulfide/native thiol
(%), native thiol/total thiol (%) and disulfide/total thiol
(%) were determined. The statistical analysis of the study
was conducted using the Statistical Package for Social Sci-
ences version 21.0 software for Windows (IBM SPSS Sta-
tistics for Windows, Version 21.0. Armonk, NY: IBM
Corp., USA) and power analyses were performed using G-

Power 3.1.9.4. The normal distribution assumption for qu-
antitative variables was assessed via the Shapiro-Wilk test.
It was determined that the data was normally distributed.
The descriptive statistics of the variables were presented
as Mean + Standard deviation. In all statistical assess-
ments, results with a p-value lower than 0.05 were consi-

dered to indicate statistical significance.

Dependent variable comparisons were conducted using the
paired sample T-test, while intergroup comparisons were
executed through the utilization of Student’s T-test.

RESULTS

A total of 64 patients who underwent inguinal hernia sur-
gery within the specified date range were examined. Fol-
lowing the pre-test results, the data of a total of 52 male
patients (GA (n=26) and SA (n=26)) were evaluated sta-
tistically.

The mean age was 63.32+9.78 in group GA and
60.58+8.92 in group SA. In group GA, the average BMI
was 25.88+2.83, while in group SA, it was 26.25+2.08.
Age and BMI exhibited resemblances across the groups.
Explanatory statistics and analysis results of the variables
that we evaluated the thiol/disulfide balance before and af-
ter anesthesia in group GA and group SA are given in
Table 1.

Table 1. The effects of general anesthesia (Group GA) and spinal anesthesia (Group SA) applications on dynamic thiol/disulfide balance before

and after surgical stress.

Variables Group preoperative postopoperative pa

Total thiol GA 340.73F47.97 324.95F62.93 0.276
SA 343.74¥57.29 317.66+50.44 0.003*

pb 0.840 0.649

Native thiol GA 305.47+43.22 290.98+57.64 0.268
SA 307.34+57.54 286.59+49.83 0.012*

pb 0.897 0.772

Disiilfid GA 17.62F8.13 16.98F4.61 0.731
SA 18.20%6.63 15.53F4.95 0.066

pb 0.784 0.284

Disiilfid/Total thiol GA 5.11F2.14 5.26F1.15 0.752
SA 5.46+2.57 5.01F1.96 0.318

pb 0.602 0.575

Disiilfid/Native thiol GA 5.81F2.76 5.92F1.49 0.865
SA 6.34+3.66 5.66F2.60 0.273

pb 0.564 0.677

Native thiol/Total thiol GA 89.76F4.28 89.47F2.32 0.758
SA 89.046+5.15 89.99F3.90 0.296

pb 0.589 0.565

The data is presented as mean+SD.
2 Paired Sample T-test was used to compare dependent variables
b Student T test was used for comparisons between group
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According to Table 1, initially, each group was evaluated
both before and after anesthesia. In both the GA group and
the SA group, a reduction was observed in the total thiol,
native thiol, and disulfide values after anesthesia compared
to before anesthesia. However, this decrease was statisti-
cally significant only in Group SA, with post-anesthesia
total thiol (p=0.003) and native thiol (p=0.012) values be-
ing significantly different from their pre-anesthesia values.
The changes in other variables were not statistically signi-
ficant. In comparisons between Group GA and Group SA,
there were no significant differences detected in relation to
thiol/disulfide variables, both prior to and post anesthesia.

After the completion of the research, power analysis was
conducted using Post-Hoc power. The lowest power value
for Independent t-test results was 0.79, and the lowest
power value for paired t-test results was found to be 0.85.
These power values show that the study results are reliable
and robust results.

DISCUSSION

This study was conducted with the objective of exploring
the connection between the anesthesia approach and the
dynamic thiol/disulfide equilibrium among COPD patients
undergoing surgical stress. We observed similar levels of
OS in patients received general anesthesia and spinal
anesthesia. The findings of our study specifically
conducted on COPD patients address the existing gap in
the literature on this topic.

The effects of anesthesia methods during the perioperative
period have frequently been compared in the literature.
Rodgers et al.®® evaluated 141 prospective randomized
studies comparing neuraxial anesthesia with general
anesthesia in the general patient population. According to
this review, patients receiving neuraxial anesthesia
experience reduced mortality, decreased postoperative
pulmonary and cardiac complications, lower incidence of
renal failure, and decreased occurrence of deep vein
thrombosis. Hausman et al.?* reported that patients with
COPD undergoing surgical operations carry an increased
risk of postoperative complications. The authors have
demonstrated that the choice of regional anesthesia in
COPD patients is associated with lower morbidity,

postoperative  pneumonia,  prolonged  mechanical

ventilator requirement, and unplanned postoperative
intubation. Avoiding general anesthesia in patients with
COPD is considered to potentially provide benefits.
Therefore, traditionally, if the patient accepts regional
intervention and there is no contraindication for the
procedure, regional anesthesia is preferred. In surgical
patients with COPD, it is necessary to elucidate the critical
importance of adding OS changes due to anesthesia
application onto the existing chronic OS in this preference.
In our study, we compared OS levels in COPD patients
who underwent surgical procedures according to different
anesthesia methods. However, we found that patients who
underwent general anesthesia and those who underwent
spinal anesthesia had similar OS levels. The findings of
our study do not support the advantages of preoperative
and postoperative spinal anesthesia in this patient group as
observed in other studies.

There are studies comparing OS levels using different
methods. For example, Aremu et al.? evaluated the OS
levels of general and spinal anesthesia in orthopedic
surgery patients as biomarkers (malondialdehyde,
glutathione, catalase and nitrile). The authors have
reported that anesthesia could lead to different effects on
OS and inflammatory cytokines in patients undergoing

surgery.

Thiol/disulfide hemostasis studies investigating the rela-
tionship between anesthesia methods and surgical stress
and OS are generally performed on the patient population
without COPD. In one of these studies, a comparison was
made between spinal anesthesia and general anesthesia in
laparoscopic gynecological surgery. Similar to our study,
no difference was found in the evaluation of total oxidant,
antioxidant levels and OS index.%

In another study, the effects of sevoflurane and desflurane
anesthesia during laparoscopic cholecystectomy on lipid
peroxidation were compared in a non-COPD npatient
group. It was determined that plasma malondialdehyde
and superoxide dismutase concentrations increased more
with desflurane administration compared to sevoflurane.?’”
We also administered sevoflurane during general anesthe-
sia. There was no statistically notable alteration detected
in the thiol/disulfide balance prior to and subsequent to an-
esthesia within the GA group. In the study by Kulacoglu et
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al.,?® the effects of local, spinal, and general anesthesia
types on inflammatory response and OS in Lichtenstein
hernia repair were compared in the general population.
The total antioxidant status showed slight changes across
the three anesthesia types. According to the findings of this
study, local and spinal anesthesia methods are suggested
as better alternatives in terms of OS compared to general
anesthesia.?® On the other hand, our study has shown
similar results regarding the effects of general and spinal
anesthesia on dynamic thiol/disulfide homeostasis in
COPD patients under surgical stress.

Limitations

This study has some limitations. The study included
COPD patients with moderate airflow obstruction (50% <
FEV1 < 79%) and FEV1/FVC < 0.7. It does not reflect
patients with more severe COPD clinic. Severe COPD pa-
tients often have secondary comorbidities. Regional anes-
thesia is applied in this patient group to minimize the risk
of perioperative complications. In order to reach a general
conclusion about patients with COPD, a larger sample size
including different surgical procedures is needed. Addi-
tionally, our study population included COPD patients
who were ex-smokers. Patients who stopped smoking and
alcohol at least 2 years before participating in the study
were accepted.?®% It is a scientific fact that there is a pro-
cess in which the effects of smoking on oxidative stress
will be seen, even if the COPD patient is an ex-smoker.
Therefore, it is important to clarify the oxidative stress sta-
tus in the COPD group that has never actively smoked.

In conclusion, the OS levels of COPD patients who under-
went inguinal hernia surgery were similar for both general
anesthesia and spinal anesthesia applications. Based on
these findings, considering the OS responses, it can be ob-
served that both anesthesia methods can be applied in pa-
tients with mild to moderate COPD, provided there are no
other contraindications.
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