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ARTICLE INFO ABSTRACT

Original paper During lung resection surgery, the blood supply to the lungs increases the intrapulmonary shunt and reduces
arterial oxygenation in patients. Ventilation anesthesia of a lung may affect oxygenation. The present study

Article history: aimed to compare intravenous anesthesia with and without thoracic epidural block (dezocine and ropivacaine)

Received: January 12, 2022 on oxygen saturation during lung ventilation in patients undergoing lung resection surgery. For this purpose,

Accepted: April 04, 2022 this study was performed as a double-blind, randomized clinical trial. Sixty patients who were candidates

Published: June 30, 2022 for lung resection were divided into two intervention groups (thoracic epidural block with dezocine and

ropivacaine and intravenous anesthesia) and a control group (placebo thoracic epidural block and intravenous
anesthesia). Hemodynamic variables, Aldert score, and possible complications were compared between the
two groups before surgery and after recovery. Also, the expression level of the IDO gene was evaluated using
the real-time PCR technique. SPSS, t-test, Mann-Whitney U, Chi-square, and Fisher performed data analysis
and comparison. The results showed that the changes in hemodynamic variables and PaO,, SaO,, and ETCO,
were not statistically significant between the two groups. Aldrete's score at entry and exit of recovery was
similar between the two groups. During the recovery period, the percentage of pain or chills in the group
under complete intravenous anesthesia was significantly higher. There was no significant difference between
the two groups regarding the frequency of nausea and hypotension. Also, the results of IDO gene expression
showed that general anesthesia with the thoracic epidural block (dezocine and ropivacaine), which is involved
in inducing immunological tolerance and suppressing immune responses, has no significant effect. The stress
of performing surgery before surgery can play a role in suppressing the patient's immunity, and anesthesia
of the thoracic epidural block (dezocine and ropivacaine) has no significant effect on IDO expression. In
general, thoracic epidural block with complete intravenous anesthesia has no significant effect on oxygen
saturation in ventilated lungs compared with intravenous anesthesia alone. Nevertheless, this combination
significantly reduces postoperative pain and chills.
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Introduction been shown to have no inhibitory effect on HPV. Intra-
venous anesthetics are a good determinant of compliance
Pulmonary ventilation is commonly used during thora-  between ventilation and perfusion during anesthesia (5).
cic surgery. With the onset of ventilation in a lung, blood A thoracic epidural block is an excellent method for
from hypoxic areas in the unventilated lung to the ven- controlling acute pain after thoracotomy. It has a known
tilated lung improves oxygenation by reducing the mis- role in improving cardiopulmonary and gastrointestinal
match in the ventilation/blood flow ratio (1). The cause function (6). Thoracic epidural block reduces heart rate
of this condition is Hypoxic Pulmonary Vasoconstriction and cardiac output, dilates the pulmonary and systemic ar-
(HPV). Numerous factors affect HPV, either directly (such teries, and reduces moderate arterial pressure and oxygen
as inhaled anesthetics, vasodilators such as tri-nitroglyce- saturation of the venous mixture (7). As local amide
rin and sodium nitroprusside, hypercarbia, blood pH, lung  anesthetics, ropivacaine has dual analgesia and anesthesia
manipulation, and epidural block) or indirectly (such as impacts, with low cardiotoxicity and neurotoxicity. Consi-
epinephrine and phenylephrine) (2). Many studies have ders have appeared that ropivacaine is secure and viable
shown that HPV can be inhibited by inhaled anesthetics, for postoperative analgesia (8). As an opioid receptor ago-
especially halothane and isoflurane (3). The vasodilatory nist-antagonist, dezocine can effectively overcome the
effects of these drugs inhibit physiological changes in abuse and body dependence caused by pure opioids, which
blood flow when ventilating a lung, increasing shunting have an excellent analgesia impact and insignificant effect
and reducing arterial blood oxygen saturation (4). On the on the gastrointestinal tract and respiratory system (9).
other hand, intravenous anesthetics and Total Intravenous Recent studies have shown that kynurenine pathway
Anesthesia using propofol and short-acting narcotics have  metabolites suppress the immune response (10, 11). The
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primary enzyme controlling this pathway is indoleamine
2,3-dioxygenase (IDO). IDO is an intracellular enzyme
that prevents the breakdown of tryptophan in the kynure-
nine pathway (12). Evaluations have shown that general
anesthesia affects IDO gene expression, induction of im-
munological tolerance, and suppression of immune res-
ponses (13).

According to the above, this study aimed to evaluate
the anesthesia effect of the thoracic epidural block with
dezocine and ropivacaine on arterial oxygen saturation
and IDO gene expression during pulmonary ventilation in
lung resection surgery.

Materials and Methods

Studied patients

This study is a double-blind and prospective rando-
mized clinical trial. Sixty patients who were candidates
for lung resection surgery were randomly divided into two
groups of 30 patients. The intervention group (under TIVA
and thoracic epidural block with dezocine and ropivacaine)
and the control group (under TIVA and thoracic epidural
block with normal saline) were evaluated thoracic surgery
ward. Inclusion criteria in the study included patients with
lung tumors who were candidates for elective lung resec-
tion surgery with single lung ventilation. Exclusion crite-
ria included patients with spinal anomalies, neurological
disorders, known cardiovascular disease, anemia, renal or
hepatic insufficiency, coagulation disorders, and diabetes.
Sampling was done by easy method one after the other and
based on the order of patients' referrals.

Experimental evaluations

After sufficient explanation, written consent was ob-
tained from all patients. Patients did not receive any pre-
treatment before entering the operating room. Before the
start of anesthesia, pre-treatment was midazolam 0.015
mg/kg body weight for all patients. Before induction of
anesthesia, an epidural catheter was inserted from space
T5-T6, 20 to 30 minutes before anesthesia. Patients in the
control group underwent placebo epidural block (normal
saline + TIVA), and patients in the intervention group un-
derwent thoracic epidural block (dezocine and ropivacaine
+ TIVA).

Induction of anesthesia was performed at a rate of 10
mg/s of intravenous propofol. This process was continued
until Bispectral Index (BIS) reached below 50. Anesthe-
sia was maintained with the infusion of propofol and re-
mifentanil 10-20 pg/kg/h at a rate of BIS below 45 + 5.
All conditions were the same in the two groups. Patients
were intubated with a left-handed PVC bi-duct tube. One
minute after intubation, the drug (dezocine and ropiva-
caine) or placebo (normal saline) was injected through an
epidural catheter. Patients were monitored, including CVP,
ECG, BP, Sa0,, and urinary output for up to half an hour

every 5 minutes and then every 15 minutes. Reduction of
blood pressure by more than 30% of baseline blood pres-
sure was considered hypotension, and, if necessary, intra-
venous ephedrine was prescribed.

The anesthesia and ventilation of patients remained the
same. The duration of extubation (from drug discontinua-
tion to extubation) and the recovery time (from extubation
to Aldrete Scoring; patients' discharge criteria based on ac-
tivity, respiration, blood circulation, color, and alertness)
were calculated. In the placebo group, the postoperative
epidural catheter was used for analgesia. The drug used
was 125% marcaine with 1 mg of morphine per 5 ml of
local anesthetic solution and infusion at a 5 ml/hour rate.
All patients were visited by an anesthesia assistant every 6
hours until 24 hours later to monitor for possible compli-
cations. Hemodynamic parameters (mean blood pressure
and heart rate) and PaO,, SaO,, and ETCO, were recorded
before and after epidural injection, before induction, im-
mediately after intubation, 5 minutes to 60 minutes after
intubation, and immediately before pulmonary injection,
and during recovery and after recovery.

Expression of indoleamine 2, 3-dioxygenase gene

Five milliliters of peripheral blood were obtained from
all sixty patients in both the intervention and control group.
The extraction was performed according to the RNA ex-
traction kit protocol (Qiagen, South Korea). After RNA
extraction, the cDNA was synthesized by Vivantis cDNA
synthesis kit (Malaysia). Specific primer pairs were desig-
ned to amplify the sequences of indoleamine 2, 3-dioxyge-
nase (IDO) gene and GAPDH gene (internal control). The
primers were designed using Gene Runner 5 and Primer
Express 1.0.3 software. Table 1 shows the sequence of pri-
mers for the real-time PCR technique.

The final volume for each reaction was 20ul, including
100ng of Power SYBR® Green PCR Master, 1l of cDNA,
10ul of Master Mix (Applied Biosystems, USA), 10mmol/
pl of primers, and 6ul of nuclease-free water. Tempera-
ture protocol was performed as initial denaturation at 95°C
for 3 minutes. Subsequently, 45 cycles were performed as
denaturation at 95°C for 5 seconds and annealing at 60°C
for 30 seconds. Reproduction analysis and melting curve
were performed using Applied Biosystems 7500. Then
gene expression diagram was drawn using Prism 5 Gra-
phPad software.

Statistical analysis

The obtained information was expressed in Mean +
SD, frequency, and percentage. The statistical program
used was SPSS. Quantitative variables were compared
using a t-test or a Mann-Whitney U test. The comparison
of qualitative variables was made by Contingency Tables
using the Chi-square test or Fisher's exact test according
to the conditions. Repeated Measures analysis compared
quantitative parameter changes between the two groups.

Table 1. The Primer sequences of IDO and GAPDH genes for the Real-time

PCR technique.a
Gene Primer Sequence (5’-3’) Product size
IDO (Forward) GTGTTTCACCAAATCCACGA 124bp
IDO (Reverse) CTGATAGCTGGGGGTTGC
GAPDH (Forward) TGCACCACCAACTGCTTAGC 85bp

GAPDH (Reverse) GGCATGGACTGTGGTCATGAG
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In all cases studied, the results were statistically signifi-
cant if they had a p < 0.05. Also, genetic data analysis was
performed based on threshold cycle comparison (Ct). The
ACT was calculated by the Ct difference obtained from the

tested samples. Then, it was calculated using the formula
2 —AACT'

Results and discussion

The mean age of patients in the intervention group
was 50.5 = 14.6 years, and the mean age of patients in
the control group was 48.3 + 18.2 years. There was no
statistically significant difference between the two groups
(p =0.607). In the intervention group, 20 patients (66.7%)
were male, and ten patients (33.3%) were female. Twenty-
two patients (73.3%) were male in the control group, and
eight patients (26.7%) were female. There was no statis-
tically significant difference between the two groups (p =
0.573). The mean weight of patients in the intervention
group was 64.3 + 9.3 kg, and the mean weight of patients
in the control group was 68.8 = 10.2 kg. There was no
statistically significant difference between the two groups
(p=0.075).

The mean ASA in patients in the intervention group
was 1.5 + 0.6, and the mean ASA in patients in the control
group was 1.3 = 0.5. There was no statistically significant
difference between the two groups (p = 0.064). The mean
duration of operation in the intervention group was 197.7
+ 54.6 minutes, and the mean duration of operation in the
control group was 195.0 + 54.6 minutes. There was no sta-
tistically significant difference between the two groups (p
=(0.841). The changes in mean, mean blood pressure from
the beginning to the end of the study in the two groups
are shown in Figure 1. Accordingly, no statistically signi-
ficant difference was observed between the two groups (p
= 0.084). Mean changes in mean blood pressure after the
onset of pulmonary ventilation were not statistically signi-
ficant between the two groups (p = 0.531).

The changes in mean heart rate from the beginning
to the end of the study in the two groups are shown in
Figure 2. No statistically significant difference was obser-
ved between the two groups (p = 0.429). Mean changes
in heart rate after the onset of pulmonary ventilation were
not statistically significant between the two groups (p =
0.481).

The mean changes of SaO, from the beginning to the
end of'the study in the two groups are shown in Figure 3. No
statistically significant difference was observed between
the two groups (p = 0.061). Mean changes of SaO, after
the onset of single pulmonary ventilation were not statisti-
cally significant between the two groups (p = 0.159). Mean
changes in PaO, after the beginning of pulmonary ven-
tilation were not statistically significant between the two
groups (p =0.510).

The mean changes in ETCO, from the beginning to the
end of the study in the two groups are shown in Figure 4.
Accordingly, no statistically significant difference was ob-
served between the two groups (P = 0.287). Mean changes
in ETCO, after the onset of pulmonary ventilation were
not statistically significant between the two groups (p =
0.581).

At the time of recovery, the mean Aldrete score in the
intervention group was 7.7 + 0.6, and in the control group
was 6.7 = 1.2. Aldrete's mean score when entering reco-
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Figure 1. The average changes in mean blood pressure during the
study in two intervention and control groups.
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Figure 2. Changes in mean heart rate during the study in the
intervention and control groups.
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Figure 3. Mean changes in SaO, during the study in the intervention
and control groups.
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Figure 4. Mean ETCO, changes during the study in the intervention

and control groups.

very was significantly higher in the intervention group (p
<0.001). The mean Aldrete score at recovery time was 9.9
+ (.3 (median 10, range 9 to 10) in the intervention group,
and 10.0 = 0.0 in the control group. There was no statis-
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tically significant difference between the two groups (p =
0.155).

The mean length of stay in recovery was 22.4 + 4.9
minutes in the intervention group and 22.9 + 5.1 minutes
in the control group. There was no statistically significant
difference between the two groups (p = 0.738).

In the intervention group, pain, nausea, chills, and hy-
potension were seen in 7 (23.3%), 0 (0%), 1 (3.3%), and
1 (3.3%) patients in intervention group, and 25 (83.3%), 1
(3.3%), 10 (33.3%), and 0 (0%) in the control group, res-
pectively. Therefore, the percentage of cases of pain and
chills in recovery in the control group was significantly
higher than in the intervention group. None of the patients
developed arrhythmias or hypertension during their stay in
recovery. The mean total dose of propofol during surgery
was 1.12 + 0.58 mg/kg in the intervention group and 1.67
+ 0.46 mg/kg in the control group. There was a statisti-
cally significant difference between the two groups (p =
0.0384).

The mean total dose of remifentanil during surgery was
2137.7 £ 0.741 pg in the intervention group and 2234.2 +
612.2 pg in the control group. There was no statistically
significant difference between the two groups (p = 0.584).

The results of IDO gene expression showed that there
was no statistically different between the intervention
group and control group, before (p = 0.834) and after (p =
0.212) intervention (Figure 5).

Several factors affect oxygenation when a lung is ven-
tilated. Anesthesia is one of these factors. A thoracic epi-
dural block is an excellent method for controlling acute
pain after thoracotomy and has a known role in impro-
ving cardiopulmonary and gastrointestinal function (14).
Thoracic epidural block reduces heart rate and cardiac out-
put, dilates pulmonary and systemic arteries, and reduces
moderate arterial pressure and oxygen saturation of the
venous mixture (15). Previous studies have shown conflic-
ting information about the thoracic epidural block's effect
on oxygenation during lung ventilation (16-18).

This prospective study showed that thoracic epidural
block combined with complete venous anesthesia did not
affect oxygenation during lung ventilation. In this study,
we compared the effect of the thoracic epidural block
(dezocine and ropivacaine) combined with complete in-
travenous anesthesia (propofol + remifentanil) on arterial
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Figure 5. The expression of IDO gene in intervention and control

group before and after intervention.

oxygen saturation during ventilation of a lung.

Accordingly, changes in HR, EtCO,, Sa0O,, PaO,, and
BP after the onset of pulmonary ventilation were not sta-
tistically significant in the two groups. In a study by Choi
et al. (19) compared thoracic epidural block with general
anesthesia to arterial oxygen saturation during lung venti-
lation (15 and 30 minutes later). In this study, 30 patients
in each group were studied. Based on this, it was shown
that the mean arterial oxygen saturation was significantly
higher in the measured sections in the general anesthesia
group. Finally, it was concluded that thoracic epidural
block combined with general anesthesia reduces arterial
oxygen saturation and increases arterial-venous shunt.

In another study by Wang et al. (20), 50 patients in two
groups were studied. In one group, complete intravenous
anesthesia was used; in the second group, thoracic epidu-
ral block with general anesthesia. In comparison between
the two groups, the thoracic epidural block had no signi-
ficant effect on arterial oxygenation. Based on this, it was
concluded that the thoracic epidural block with general
anesthesia is superior to general anesthesia.

In another similar study by Ishibe ef al. (21), it was
shown that adding a thoracic epidural block to general
anesthesia compared to the general anesthesia group only
increased arterial oxygenation after ventilation of a lung
and was therefore recommended.

In a study by Chow et al. (22) on 34 patients, com-
plete intravenous anesthesia was used alone in one group.
The thoracic epidural block (bupivacaine) was used in the
second group under general anesthesia. During ventilation
of one lung, no statistically significant difference was re-
ported in terms of arterial oxygenation and arteriovenous
shunt between the two groups. In another study by Garutti
et al. (23), 72 patients were studied in two groups. In one
group, general anesthesia was used alone, and in the other
group, general anesthesia with the thoracic epidural block
(meperidine) was used. After ventilation of one lung, no
significant difference was observed in terms of arterial
oxygenation between the two groups. In another study,
Ozcan et al. (24) compared 100 patients in four groups.
In these patients, complete venous anesthesia, complete
venous anesthesia with the thoracic epidural block (bupi-
vacaine), inhalation anesthesia (isoflurane), and inhalation
anesthesia with thoracic epidural block were used. Finally,
it was shown that there was no statistically significant dif-
ference in terms of oxygenation and arteriovenous shunt
after ventilation of one lung between these four groups. As
can be seen, the results of studies in this field are very va-
riable and contradictory. In conclusion, in pulmonary ven-
tilation, the use of thoracic epidural block combined with
general anesthesia (intravenous or inhalation) has either
worsened the oxygenation status, improved the patient's
condition, or has not had a significant effect (21-24). The-
refore, the present study is in line with the third category
of studies. Numerous cases have been suggested to jus-
tify the differences in the results of different studies in this
field. One of these cases is the effect of the type of drug
used in the thoracic epidural block (25).

Different effects of opioids and local anesthetics have
been reported, with opioids causing pain without affecting
the sympathetic system (26). In contrast, local anesthetics
can block the sympathetic system in addition to causing
analgesia (27).

Due to the autonomic system's innervation of the pul-
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monary arteries, HPV may be affected by the sympathe-
tic block (3). However, Garutti et al. (23) did not endorse
such a mechanism in their study. In another study by Jung
et al. (28), the drug used in thoracic epidural block (opioid
or local anesthetic) did not affect HPV during lung venti-
lation. Previous studies in animal models and patients un-
dergoing lung transplantation have shown that HPV is not
affected by the autonomic (sympathetic) system (4). Other
cases suggested justifying the variable results of various
studies include differences in regimens used for general
anesthesia (intravenous or inhalation), amount and dose
of drugs used for thoracic epidural block, age of patients
(independent factor), PaO, before Ventilation of a lung (in-
dependent factor) and how to assess the amount of arterial
oxygenation after ventilation of a lung (15).

There was no statistically significant difference in he-
modynamic changes (heart rate and mean blood pressure)
during the study period between the two groups in the pre-
sent study. At the same time, the frequency of pain and
chills during recovery was significantly lower in the group
under intravenous anesthesia and thoracic epidural block
than in the group under intravenous anesthesia alone. In
the study of Garutti et al. (23), no statistically significant
difference in terms of hemodynamic status (heart rate
and mean blood pressure) was reported between the two
groups. In the study of Jung et al. (28), a similar result was
declared. In their research, Chow et al. (22) did not report
a statistically significant difference in terms of hemodyna-
mic changes after ventilation of one lung between the two
groups. As can be seen, the present study in this field has
been in line with the mentioned studies.

On the other hand, Rodgers et al. (29) in a meta-analy-
sis concluded that neuraxial block in a ventilated lung si-
gnificantly reduces mortality and postoperative complica-
tions. Ballantyne et al. (30) also showed in their study that
thoracic epidural block combined with general anesthesia
could improve the prognosis of patients after lung ventila-
tion. The results of this study also confirmed these results.

In our study, the results of the gene expression study
showed that general anesthesia with the thoracic epidural
block (dezocine and ropivacaine), which is involved in in-
ducing immunological tolerance and suppressing immune
responses, has no significant effect. The stress of perfor-
ming surgery before surgery can play a role in suppressing
the patient's immunity, and anesthesia of the thoracic epi-
dural block (dezocine and ropivacaine) has no significant
effect on IDO expression.

In general, changes in BP, HR, ETCO,, SaO,, and PaO,
of pulmonary ventilation were not statistically significant
in thoracic epidural block (dezocine and ropivacaine) and
in placebo thoracic epidural block. Pain and chills du-
ring recovery were significantly lower in the intravenous
anesthesia group (TIVA) with thoracic epidural block than
in the intravenous anesthesia group (TIVA) with placebo
thoracic epidural block. The thoracic epidural block (dezo-
cine and ropivacaine) is superior to placebo in recovery
complications.
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