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ABSTRACT

Background: Many studies focusing on the effects of local anaesthetics on QT intervals have been performed, but the articles evaluating the relationship
between thoracic epidural anaesthesia combined with general anaesthesia and QT parameters are very limited.

Aims: We aimed to compare the effects of bupivacaine and ropivacaine on QT interval, corrected QT, dispersion of QT, and corrected dispersion of QT
in patients undergoing lung resection under thoracic epidural anaesthesia combined with general anaesthesia.

Study Design: Prospective clinical study.

Methods: Thirty ASA physical status 1-3 patients requiring thoracic epidural anaesthesia combined with general anaesthesia for thoracic surgery. Pa-
tients were randomly assigned to two groups, which were allocated to receive either bupivacaine (Group B) or ropivacaine (Group R) during thoracic
epidural anaesthesia. Following haemodynamic monitoring, a thoracic epidural catheter was inserted. Local anaesthetic at an average dose of 1.5 mL/
segment was given through an epidural catheter. The same general anaesthesia protocol was administered in both groups. Records and measurements
were performed on 10 phases that were between the thoracic epidural catheter insertion to the 5" min of endobronchial intubation. In all phases, sys-
tolic arterial pressure, diastolic arterial pressure, mean arterial pressure, heart rate, peripheral O, saturation, and electrocardiogram monitoring were
performed in patients. All QT parameters were recorded by 12-lead electrocardiogram and analysed manually by a cardiologist.

Results: QT intervals were similar between two groups. In Group R, corrected QT values at the 20™" min of local anaesthetic injection and the 5% min of
endobronchial intubation were shorter than those in Group B (p<0.05). The basal dispersion of QT and dispersion of QT values at the 1%t min of propofol
injection were shorter than those in Group R (p<0.05). The corrected dispersion of QT value at the 1t min of propofol injection was shorter in Group R
(p<0.05). In Group R, the decrease in mean arterial pressure at the 1°t min of fentanyl injection was significant compared with Group B (p<0.05). There
was no significant difference between the groups with respect to heart rate and complications.

Conclusion: The corrected QT, dispersion of QT, and corrected dispersion of QT intervals were slightly longer in the patients receiving bupivacaine

compared with those receiving ropivacaine in various phases of the present study.
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Introduction

Thoracic epidural anaesthesia (TEA) combined with general
anaesthesia (GA) can improve the outcome of patients under-
going lung surgery (1, 2). TEA reduces cardiac and splanchnic
sympathetic activity and thereby influences perioperative func-
tion of vital organ systems (3). In spite of the most severe com-
plication of cardiotoxicity, long-acting local anaesthetics (LAs)
(4) are the most common drugs for intraoperative and postop-
erative pain management, combined with or without opioids
(5). Studies have shown that ropivacaine has a wider margin of
safety compared with bupivacaine (5, 6). The QT interval, which
is important for ventricular conduction is measured from the
beginning of the QRS complex to the end of the T wave. It rep-
resents the total time for ventricle depolarisation and repolari-
sation. Although ropivacaine and bupivacaine were reported

to cause a prolonged QT interval due to inhibition of cardiac
sodium channels, ropivacaine was found to be less cardiotoxic
than bupivacaine with regard to ventricular conduction (7). The
difference in electrophysiological impairment with ropivacaine
and bupivacaine could be induced by different binding pro-
teins or different stereoselective inhibition of cardiac sodium
channels (8). Takmaz et al. (9) have shown QT interval altera-
tions in patients who received bupivacaine for stellate ganglion
blockade. Alterations in conduction in the myocardium (prolon-
gation of the QT interval and QRS widening) were considered
as early signs of cardiotoxicity (10). In addition, both congenital
and acquired prolongation of the QT interval is considered to
be associated with a high incidence of ventricular fibrillation
and sudden cardiac death (11).

Though several studies focusing on the effects of LA on
the QT interval have been performed, the articles evaluating
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the relationship between TEA combined with GA and QT pa-
rameters are very limited (7, 9). In the present study, we aimed
to compare the effects of bupivacaine and ropivacaine on the
QT interval, corrected QT (QTc), dispersion of QT (QTd), and
corrected QTd (QTcd) in patients undergoing lung resection
under TEA combined with GA. In our study, we particularly
focused on the beginning of TEA, induction of GA, and intu-
bation period and an increased incidence of severe haemody-
namic alterations.

Materials and methods

After receiving approval of the institutional review board
and after gaining written informed consent from the patients,
30 patients were prospectively enrolled to this study. Patients
aged 18 to 61 years, American Society of Anaesthesiologists
physical status 1-3, and scheduled for elective lung resection
under TEA combined with GA were included in the study. The
exclusion criteria were existence of abnormalities of conduc-
tion, arrhythmias, treatment with drugs known to prolong QT
duration, any cardiac co-morbidities, and contraindication for
regional anaesthesia. Patients were randomly divided into
two groups, which were allocated to receive either bupiva-
caine (0.5%) (Marcaine®, AstraZeneca, istanbul, Turkey) or
ropivacaine (0.75%) (Naropin®, AstraZeneca,istanbuI,Turkey)
during TEA.

In the operating room, systolic arterial pressure (SAP), dia-
stolic arterial pressure (DAP), mean arterial pressure (MAP),
heart rate (HR), peripheral O, saturation (SpO,), and electro-
cardiogram (ECG) monitoring (Siemens SC 8000, Draeger
Medical Systems, Danver, USA) were performed in patients
without premedication. Twelve-lead ECG was recorded to as-
sess the QT interval. Prior to the TEA procedure, 10 mL/kg
normal saline was given in all patients.

An epidural catheter (Perifix®, Braun, Melsungen, Germa-
ny) was inserted through the Té6-7 or T7-8 intervertebral space
with a median approach using the hanging-drop technique
under sterile conditions, and the catheter was advanced 5 cm
to cephalad. A test dose of 3 mL study drug was adminis-
tered to exclude unintentional subarachnoid injection in each
group. LA boluses, at an average dose of 1.5 mL/segment,
were given through the epidural catheter in order to affect
the five included segments. The total dose of LA was calcu-
lated based on the age and height of the patients. Sensorial
and motor block levels were evaluated by the pin-prick test
and Bromage scale. Surgical analgesia level was accepted as
T4 dermatome. Epidural LA boluses were repeated every 2
hours during the operation. Fentanyl (Fentanyl Citrate, Ab-
bott Lab. North Chicago, USA), propofol (Propofol %1 Fre-
senius Kabi AB®, Upsala, Sweden) and vecuronium bromide
(Norcuron®, Organon, Oss. Holland) were applied for induc-
tion of GA. Endobronchial intubation using a left-sided dou-
ble lumen tube, radial artery cannulation, and central venous
cannulation were performed in all patients. In maintenance,
sevoflurane (Sevorane®, Abbott Lab, North Chicago, USA),
fentanyl citrate, and vecuronium bromide were given. The
conventional one-lung ventilation procedure was maintained
during operations.

The study protocol consisted of 10 phases. The timing of
measurements and records were as follows:

1. After the insertion of epidural catheter
Immediately after injection of LA
10 min after injection of LA
20 min after injection of LA
1 min after injection of intravenous (i.v.) fentanyl
1 min after injection of i.v. propofol
3 min after injection of i.v. vecuronium
During laryngoscopy
1 min after endobronchial intubation with left-sided
double lumen tube

10: 5 min after endobronchial intubation with left-sided
double lumen tube

In all phases, SAP, DAP, MAP, HR, and SpO,were collected.
QT, QTc, QTd, and QTcd were also recorded by 12-lead ECG
and analysed manually by the cardiologist. QT values were
determined by calculating average QT intervals on a certain
ECG for each phase. QTc values were calculated according to
the Bazett formula (QTc=Q-T sec/yRR sec) (12).

The QT differences were calculated by using the longest
and the shortest QT values on each ECG for QTd. Similarly,
the QTc differences were calculated by using the longest and
the shortest QTc values on each ECG for QTcd. Ephedrine (5
mg), atropine (0.5 mg), and lidocaine (1 mg/kg) were admin-
istered and noted in cases of hypotension (30% decrease in
SAP with respect to basal values), bradycardia (HR<50 beat/
min), and ventricular extrasystoles (>6 beat/min), respectively.
The protocol was terminated following the last measurements
at the 5 min of intubation.

VN> REWDN

Statistical analysis

Statistical analysis was performed using SPSS 11.0 (SPSS,
Inc.) for Windows. The results are expressed as mean=standard
deviation (SD). Student's t-test was used in analysis of demo-
graphic data and electrolyte values, whereas Fisher exact test
was used to compare the frequency of complications among
the two groups. Mann-Whitney U test was applied for com-
parison between the groups. Friedman test was used to anal-
yse the differences within time. When the differences within
time were significant, Wilcoxon’s signed rank test with Bonfer-
roni correction was administered. P values of less than 0.05
were considered to be statistically significant.

Results

There was no significant difference between the groups
in terms of age, body weight, height, sex, and the levels of
preoperative sodium and calcium (p>0.05). Although the dif-
ferences in preoperative potassium levels were statistically
significant between the groups, all levels were within the nor-
mal range (p<0.05) (Table 1).

Compared with basal values, the prolongations of QT in-
tervals at the 3 min of vecuronium injection and during laryn-
goscopy were statistically significantly different in both groups
(p<0.001). The QT interval also significantly prolonged at the
1t min of propofol injection in Group R (p<0.001). There was
no significant difference between the groups in terms of QT
interval (p>0.05).
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The prolongation of QTc values during laryngoscopy, and
at the 1%t min and the 5" min of endobronchial intubation was
statistically significantly different in Group B, whereas it was
only significant during laryngoscopy in Group R (p<0.05). In
Group R, the QTc values at the 20" min of LA injection and
5% min of endobronchial intubation were significantly shorter
than those in Group B (p<0.05) (Table 2).

There was no significant difference with respect to the
QTd values within the groups. The basal QTd and QTd value
at the 1°t min of propofol injection were significantly shorter in
Group R in comparison with Group B (p<0.05) (Table 3).

There was no statistically significant difference within
the groups with respect to the QTcd values. The basal QTcd
and QTcd value at the 1%t min of propofol injection were sig-
nificantly shorter in Group R in comparison with Group B
(p<0.025 and p<0.029, respectively).

In Group B, MAP was lower at the 1%t min of propofol in-
jection, 3 min of vecuronium injection, and 5" min of endo-
bronchial intubation compared with the basal values (p<0.05).
In Group R, MAP was lower at the 1t min of fentanyl injection,

Table 1. Patient's characteristics and electrolyte levels.
Data are presented as meanzstandard deviation (SD)

Group B Group R P

(n=15) (n=15)
Age (year) 38.40+12.08 38.60+11.35 0.963
Weight (kg) 64.47+8.45 66.87+11.28 0.515
Height (cm) 166.93+8.19 169.07+8.90 0.501
Sex (female/male) 6/9 3/12 0.232
Sodium (mEg/L) 139.00£2.97 139.67+3.03 0.840
Potassium (mEg/L) 4.06+0.37 4.34+0.28 0.031*
Calcium (mg/dL) 9.32+0.53 9.55+0.57 0.724
*p<0.05: Comparison between groups.

1t min of propofol injection, 3 min of vecuronium injection,
and 5% min of endobronchial intubation compared with the
basal values (p<0.05). In Group R, the decrease in MAP at the
1t min of fentanyl injection was statistically significant com-
pared with Group B (p<0.05).

Compared with the basal values, decreases in HR were
significant at the 10* min of LA injection, at the 15t min of
propofol injection, and at the 3 min of vecuronium injection
in both groups (p<0.05). There was no significant difference
between the groups with respect to HR.

We determined ventricular extrasystoles, which were re-
covered without medication in one patient, in each group
throughout the study. We observed bradycardia, which re-
sponded to atropine in one patient in Group B. Hypotension
that recovered with ephedrine was recorded in one patient
in Group R. There was no statistically significant difference
between the groups with respect to complications (p>0.05).

Discussion

In this study, we found prolongations in QT, QTc, QTd, and
QTcd values in thoracic epidural bupivacaine and ropivacaine
groups in various phases. These prolongations did not cause
any clinical signs related to ventricular conduction abnormali-
ties during the study period. Even though we excluded the
patients with conduction abnormalities, we estimated that
ropivacaine could be a good alternative to bupivacaine in pa-
tients with a high incidence of ventricular arrhythmias. Simi-
larly, a previous study performed by Lefrant et al. (7) revealed
that ventricular electrophysiological variables were less al-
tered with ropivacaine than with bupivacaine. Ropivacaine
was less cardiotoxic than bupivacaine in terms of ventricular
conduction, despite a 50% larger dose of ropivacaine in their
study. In the study by Reiz et al. (13), the cardiotoxicity of ropi-
vacaine was evaluated compared with bupivacaine and lido-
caine. The prolongation of the QRS interval was considered as

Table 2. Corrected QT (QTc) values during epidural anaesthesia, induction of anaesthesia, and double-lumen tube inser-
tion. Data are presented as median (minimum-maximum) for both groups.

Group B (n=15) Group R (n=15)
Median (Min-Max) p? Median (Min-Max) p? p¢

QTc1 414 (390-440) 413 (380-440) 0.604
QTc2 435 (385-452) 0.096 419 (364-523) 0.875 0.206
QTc3 417 (389-440) 0.900 416 (356-438) 0.495 0.506
QTc4 431 (399-465) 0.093 396 (370-459) 0.222 0.044~
QTc5 424 (381-446) 0.363 410 (358-451) 0.712 0.206
QTcé 414 (378-445) 0.330 402 (358-444) 0.132 0.340
QTc7 425 (374-456) 0.363 409 (374-455) 0.802 0.198
QTc8 447 (406-463) 0.003f 439 (393-502) 0.001* 0.803
QTc9 437 (410-491) 0.003t 426 (395-482) 0.033 0.245
QTc10 435 (414-475) 0.004t 416 (367-466) 0.244 0.046*
p": Friedman test result, pS: Mann-Whitney U test result, ': statistical significance from baseline (p<0.05), *p<0.05: statistical significance between
groups
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Table 3. Results of QT dispersion (QTd) during epidural
anaesthesia, induction of anaesthesia, and double-lumen
tube insertion. Data are presented as median (minimum-

maximum) for both groups.

Group B (n=15) Group R (n=15) P
Median (Min-Max) Median (Min—-Max)

QTd1 24.4 (17.4-38.0) 17.6(12.8-34.9) 0.014*
QTd2 28.8 (12.0-37.6) 24.0 (9.6-41.1) 0.221
QTd3 28.4 (11.2-55.6) 24.0 (18.9-38.3) 0.836
QTd4 22.8 (9.0-36.0) 22.6 (14.0-38.0) 0.724
QTd5 23.2(14.8-35.6) 20.9 (15.9-86.3) 0.693
QTd6 26.8 (7.9-38.4) 22.2 (14.5-30.2) 0.029*
QTd7 20.6 (8.4-40.8) 20.7 (9.4-34.9) 0.836
QTd8 25.2 (15.9-59.6) 23.7 (14.5-40.7) 0.407
QTd9 25.2 (17.6-50.0) 22.6 (14.2-28.5) 0.059
QTd10 19.6 (12.0-29.2) 20.9 (14.4-46.0) 0.383
*p<0.05: statistical significance between groups.

a measure of electrophysiological toxicity by the authors. The
cardiac depression ratio was 4:3:1, whereas the proportion of
electrophysiological toxicity was 15:6.7:1 (bupivacaine:ropiv
acaine:lidocaine) in that study. In our study, the QTc interval
after LA injection was longer in patients receiving bupivacaine
than in those receiving ropivacaine. It might show that thorac-
ic epidural LA administration, particularly bupivacaine, may
induce the prolongation of QTc durations, which may trigger
serious arrhythmia during anaesthetic course.

The changes in autonomic nervous system activity can di-
rectly influence the cardiac conduction systems, causing varia-
tions in the QTc interval, and may confuse the clinical evalua-
tion of cardiac repolarisation time (14). Regional anaesthesia,
particularly TEA, have cardiac effects due to blockade of the
cardiac sympathetic innervations, but additional effects from
bupivacaine absorbed systemically have not been ruled out.
At a higher plasma concentration, LA might be subjected to
systemic absorption during regional anaesthesia in humans.
Significant cardiac electrophysiological and haemodynamic
effects could occur due to a high LA plasma concentration.
These effects may enhance the susceptibility to reentrant
arrhythmias in predisposed patients (15, 16). In our study,
we observed QTc interval prolongation in thoracic epidural
ropivacaine and bupivacaine groups despite the sympathetic
blockage. In TEA, the serum LA level might be increased af-
ter thoracic epidural administration. This situation might have
contributed to prolongation of the QTc interval.

The impact of propofol and fentanyl on the QT interval
remains controversial. Propofol-induced prolongation of the
QTc interval has been observed in various studies (17-19). In
the present study, the QT interval was prolonged after pro-
pofol injection, but we did not observe any QTc prolongation
with propofol usage. Wilton et al. (20) concluded that fentanyl
did not prolong QTc duration in their trial. We also did not de-
tect any QTc prolongation with fentanyl. The QTd and QTcd
values at the 15t min of propofol injection were longer in the

patients receiving epidural bupivacaine. Our results did not
demonstrate any clear effect of propofol on QT parameters.

Michaloudis et al. (21) assessed the effects of midazolam
followed by either vecuronium or atracurium on the QT inter-
val. They did not observe the prolongation of QT interval fol-
lowing vecuronium administration in patients with normal QT.
Nevertheless, we found statistically significant prolongation
of the QT interval after vecuronium in both groups.

The cardiovascular response to tracheal intubation is the
consequence of augmented plasma noradrenaline levels dur-
ing laryngoscopy and immediately after intubation. Scheinin
et al. (22) found a close correlation between plasma nor-
adrenaline concentration and the QTc interval. In the present
study, QT and QTc durations were increased compared with
basal values during laryngoscopy and in the various phases of
the post-intubation period in the groups. The prolongation of
the QTc intervals during laryngoscopy was significant in both
groups. The QTc interval was also longer in the bupivacaine
group than in the ropivacaine group at the 5% min of endo-
bronchial intubation.

The effect of sevoflurane on the QT interval is debatable.
Sevoflurane, isoflurane, and desflurane have been reported
to prolong QTd, QTc, and QTed (23). Nevertheless, according
to Kazanci et al. (24), desflurane and sevoflurane showed no
significant difference with respect to QTc and QTcd. In our
study, the QTc interval was longer in the bupivacaine group at
the 5" min of intubation, in other words, the 5" min of sevo-
flurane anaesthesia.

We observed stable cardiovascular haemodynamics,
which are one of the beneficial aspects of epidural anaes-
thesia in both groups receiving TEA combined with GA.
Even though the differences in MAP within and between the
groups were statistically significant, all values were within the
normal range. HR values were also within the normal limits.
The haemodynamic complications such as ventricular extra-
systoles, bradycardia, and hypotension were observed with-
out any clinical effects.

Abnormal serum electrolyte levels may affect cardiac
conduction. Changes in extracellular potassium, calcium,
and magnesium levels can alter the cardiac action potential.
These changes may precipitate potentially life-threatening
dysrhythmias (25). Although the differences in preoperative
potassium levels were statistically significant, all levels were
within the normal range in our study. Therefore, there was
no electrolyte imbalance that could alter QT intervals in this
study. A limitation in this study is that usually QT disper-
sion is calculated using the difference between the shortest
and longest QT intervals in a 2-min rhythm recording, but
we used a single ECG recording to calculate QT dispersion.
In conclusion, the QTc, QTd, and QTcd values were slightly
longer with bupivacaine compared with ropivacaine in various
phases of TEA combined with GA. It could be assumed that
ropivacaine is a good alternative to bupivacaine in patients
with abnormalities of ventricular conduction.

Ethics Committee Approval: Ethics committee approval was re-
ceived from Atatirk Chest Diseases and Thoracic Surgery Education
and Research Hospital.
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