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SSUUMMMMAARRYY

Background and objective: In this study we aimed to
evaluate whether lignocaine and bupivacaine caused
arrhythmias in ASA I status patients, during spinal
anesthesia, by using Holter monitorization and QT
dispersion parameters. Methods: Spinal anesthesia was
performed at the L3-L4 level. Patients in Group I (n=16)
and Group II (n=17) were given 2%, 3ml lignocaine and,
0.5%, 3ml plain bupivacaine respectively. Starting 45
minutes before the operation, 24h Holter ECGs were
recorded. Preoperative and postoperative 12 lead ECGs
were recorded for QT dispersion measurements which
were obtained by a blinded cardiologist. Results: In our
study there were no ST segment depressions as an
indication of ischemia in Holter recordings and there
were no significant differences in both groups (p>0.05).
The mean preoperative QT interval dispersion was
52.87±14.24 ms and 44.7±10.67 ms in lignocaine and
bupivacaine groups respectively. Postoperative QT
interval dispersion was 43.75±14.54 ms in lignocaine
and 47.05±8.48 ms  in bupivacaine group. There were
no significant differences between two groups and also in
each group with regard to preoperative and
postoperative QT dispersion (p>0.05). Conclusions:
More prospective studies with larger groups of patients
are needed to have a conclusion that bupivacaine can be
more arrhytmogenic than lignocaine in these clinical
doses that we use routinly.

KKeeyy WWoorrddss::  Bupivacaine, Lignocaine QT Dispersion.

ÖÖZZEETT

LLiiddookkaaiinn  vvee  BBuuppiivvaakkaaiinn’’iinn  AArriittmmoojjeenniikk  EEttkkiilleerriinniinn
KKaarrşşııllaaşşttıırrııllmmaassıı

AAmmaaçç:: ASA-I grubu hastalarda, spinal anestezide
kullanılan lidokain ve bupivakainin aritmiye neden olup
olmadıklarını Holter Monitörizasyonu ve QT
dispersiyonu parametrelerini kullanarak araştırmak.

MMeettoodd::  Spinal anestezi L3-L4 aralığından yapıldı ve
sırasıyla grup I’deki (n=16) hastalara 3mL %2’lik lidokain
ve grup II’deki (n=17) hastalara %0.5’lik 3mL düz
bupivakain verildi. Ameliyattan 45 dakika önce
başlamak şartıyla, 24 saatlik Holter EKG’leri kaydedildi.
Preoperatif ve postoperatif EKG’ler QT dispersiyonu
ölçümleri için kaydedildi ve hastalar kör bir kardiyolog
tarafından değerlendirildi.

SSoonnuuççllaarr::  Çalışmamızda Holter kayıtları incelendiğinde
iskemi göstergesi sayılabilecek bir ST segment
depresyonuna rastlanmazken, iki grup birbirinden
farksızdı (p>0.05). Lidokain grubundaki preoperative QT
interval dispersiyonu 52.87±14.24 ms  iken bupivakain
grubunda 44.7±10.67 ms‘idi. Postoperative QT interval
dispersiyonu lidokain grubunda 43.75±14.54 ms,
bupivakain grubunda 47.05±8.48 ms‘idi. Preoperatif ve
postoperatif QT dispersiyonu karşılaştırıldığında gruplar
arasında ve her bir grupta istatistiksel olarak anlamlı fark
yoktu (p>0.05).

Rutin olarak kullandığımız bu klinik dozlarda
bupivakainin lidokainden daha aritmojenik olduğunu
söyleyebilmek için daha geniş hasta grupları içeren
prospektif çalışmalara ihtiyaç vardır.

AAnnaahhttaarr  KKeelliimmeelleerr::  Bupivakain, Lidokain, QT
Dispersiyonu



All local anesthetics have a direct depressant
effect on the cardiovascular system in a dose
related fashion (1).

Bupivacaine, which is highly lipid soluble,
has a fast in, slow out kinetic pattern at the
sodium channel, resulting in accumulation of
bupivacaine in the conduction system that
increases as the heart rate increases (2). When the
primary conducting system is blocked, there is
increased activity in reentrant pathways that
predisposes the heart to ventricular arrhythmias
(3). QT dispersion is of much more value in
patients with less overt cardiac disease and more
normal ECGs. Patients which were enrolled in
our study had normal ECGs.

A further population based study involving
over 3000 adult and children suggested that QT
dispersion <= 50 ms indicated normality, age or
gender having no impact on this population  (4).
In this study we evaluated whether lignocaine
and bupivacaine caused arrhythmias in ASA I
status patients, during spinal anesthesia, by using
Holter monitorization and QT dispersion
parameters after the standardization of other
parameters. 

MMeetthhooddss

Upon the approval of ethical committee, 33
patients (ASA I status), between the ages of 20 to
50 were included in this double blinded and
randomized study. Before the lower extremity
surgery they were informed about the regional
anesthesia tecnique, and informed consents were
obtained. Spinal anesthesia was performed via
lumbar puncture at the L3-L4 level. Patients in
Group I (n=16)  and Group II (n=17) were given,
2%, 3ml lignocaine and, 0.5%, 3ml plain
bupivacaine respectively with a 25 gauge needle,
in sitting position. 

Before the spinal anesthesia was performed,
16G IV catheter was inserted and 1000mL
Lactated Ringer solution was given to the
patients. Until the block levels were assessed
patients were in supine position and continuous
monitoring for electrocardiogram, pulse
oximetry, and non invasive blood pressure were
available throughout the surgery. Patients were
oxygenated during the surgery (3 L min-1).

Starting 45 minutes before the operation, 24h
Holter ECGs were recorded. Preoperative and
postoperative 12 lead ECGs were recorded for
QT dispersion measurements which were
obtained by a blinded cardiologist.

Patients were evaluated preoperatively for
arrhythmias, rheumatic valvular heart disease,
rheumatoid arthritis, coronary heart disease and
fainting to predict any hidden cardiac pathology.
All patients had preoperative chest x-ray, 12 lead
ECGs, and complete blood count.

Following parameters were monitored during
the preoperative, peroperative and postoperative
periods:

After the regional anesthesia was performed,
sensory and motor block segments and recovery
time of the neural blockade (5, 10, 15, 30
minutes after the spinal anesthesia was
performed) were recorded. Blood samples were
collected for evaluation of the arterial blood
gases and electrolyte levels (including Mg), in
preoperative period, 15 minutes after the
commencement of surgery and just after the
surgery. Arterial blood gases were evaluated as
the patients were sedated with midazolam and to
exclude hidden hypoxia that can increase the
local anesthetic toxicity. Pre and postoperative
12 lead ECGs were screened for QT dispersion
and also the local anesthetic plasma levels were
checked at the commencement of the surgical
procedure.

Student’s t test and Man-Whitney U test were
used to compare the differences among the
groups. Paired t test was used to compare the
“before” and “after” values in each group. Chi-
square test was used to compare the time
dependent changes’ increase ratios in both
groups. To analyse the relationship between each
group’s variables Pearson χ2 correlation analysis
was used and Spearman Rank Correlation
Analysis was used to detect the relationship
between the difference portions.

RReessuullttss

Thirty three patients were included in the
study. As shown in Table 1, there were no
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intergroup differences in regard to sex
distribution, age, heart rate and type of surgery.
During spinal anesthesia blood pressure and
heart rate  did not change more than 20 % of
baseline values, and there was no need for
ephedrine for any patient.

There were no significant intergroup
diffrences in regard to preoperative (Before the
spinal anesthesia was performed), peroperative
and postoperative hemoglobin, hematocrit levels.
All the electrolyte levels were in normal ranges.

All the arterial blood gase (ABG) levels were
in normal ranges with regard to preoperative,
peroperative and postoperative periods, in both
groups.

Solid phase extraction method was used to
determine the plasma lignocaine and
bupivacaine concentrations, and the levels were
determined as mg mL-1. In this method plasma
was stored at –4˚C for later analysis. Plasma
samples were extracted with “c” 18 solid phase
extraction columns using lignocaine and
bupivacaine as the internal standart for each
group.

The columns were rinsed first with distilled
water and then with methanol. 500 mg L-1 of
plasma was added to the column under pressure
and the column rinsed with 3mL distilled water
and 1 mL methanol, at the end of these processes
elutions of each plasma were obtained with the
addition of 200 mg L-1 methanol to the columns
for two times.

Elutions of lignocaine and bupivacaine were

obtained with the same method for 0.3, 0.61,
0.91, 1.22, 1.464 mg mL-1 standart lignocaine
and 0.5, 1, 1.5, 2, 2.5 mg mL-1 standart
bupivacaine solutions.

These lignocaine and bupivacaine elutions
were given to the Gas Chromotography/ Mass
Spectrophotometry (GC-MS) device and the
recoveries (Table 2) of each solution were
obtained for three times and the mean values
were used to obtain the linear calibration curves
for lignocaine and bupivacaine groups.

Plasma elutions of each group were given to
the GC-MS device and the concentrations were
found on these calibration  curves for each group
in mg mL-1. There were no significant differences
between the plasma lignocaine and bupivacaine
concentrations at the commencement of the
surgery.

The time period between the spinal anesthesia
and the commencement of the surgical
procedure was 20.374 ± 99 min for lignocaine
group and 19.64 ± 4.21 min for the bupivacaine
group (p>0.05). The maximum dermatomal
levels of spinal block was T6 and T5 in group I
and group II respectively. Recovery time of
sensorial block was 115.68 ± 43.56 min and
140.58 ± 53.41min in group I and group II
respectively (p>0.05) and median range of motor
blockade was 4 (According to the Bromage Scale)
in both groups.

In our study there were no ST segment
depressions as an indication of ischemia in Holter
recordings. Holter recordings were examined
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TTaabbllee  11.. The comparison of lignocaine and bupivacaine groups with regard to sex distribution,  age, type of surgery,
pre and postoperative heart rates. γBimalleolar and tibia fractures. Data are Mean ± SD.

LLiiggnnooccaaiinnee BBuuppiivvaaccaaiinnee

Age (years) 33.8 ± 8.06 29.5 ± 10.8

Bender 10 M / 6F 12 M / 5F

Type of surgery 11 arthroscopy 12  arthroscopy
5 othersγ 5 othersγ

Heart rate (preoperative) bpm 75.13 ± 10.03 79.53 ± 15.92

Heart rate (postoperative) bpm 82.62 ± 11.03 77.88 ± 12.43



according to the Lown Classification and there
were no significant differences in both groups
(p>0.05) (Figure 1). The mean preoperative QT
interval dispersion was 52.87 ± 14.24 ms  and
44.7 ± 10.67 ms  in lignocaine and bupivacaine
groups respectively. Postoperative QT interval

dispersion was 43.75 ± 14.54 ms  in lignocaine
and 47.05 ±  8.48 ms  in bupivacaine group.
There were no significant differences between
two groups and also in each group with regard to
preoperative and postoperative QT dispersion
(p>0.05).  As shown in Figure 2., QT dispersion
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TTaabbllee  22..  Lignocaine and bupivacaine elutions were given to the Gas Chromotograpy/Mass Spectrophotometry
(GC/MS) device and the recoveries of each solution.

Values obtained from the GC/MS in µg mL-1 Recovery values %

0.3 0.24 80

0.61 0.453 74.2

0.91 0.701 77.03

1.22 0.930 76.229

1.464 1.214 82.92

0.5 0.43 86

1 0.92 92

1.5 1.31 87

2 1.78 89

2.5 2.075 83

FFiigguurree  11.. Holter monitorization results of lignocaine and bupivacaine (p>0.05). According to the Lown Classification
Grade 0: Premature ventricular conduction (PVC) 0/h Holter monitoring, Grade 1: PVCs 1/h Holter monitoring, Grade
2: Frequent PVCs > 10/h Holter monitoring, Grade 3: Multiform PVCs, Grade 4: Repeated PVCs.  

Li
gn

oc
ai

ne
 s

ol
ut

io
ns

in
 µ

g 
m

L-
1

B
up

iv
ac

ai
ne

 s
ol

ut
io

ns
in

 m
g 

m
L-

1 .

90 %

80

70

60

50

40

30

20

10

0
Grade 0 Grade 1 Grade 2-4

Lignocaine

Bupivacaine



in bupivacaine group tend to increase during the
postoperative period, but this result is not
significant.

With regard to preoperative ( 75.12 ± 10.02
bpm vs 79.52 ± 15.91 bpm) and postoperative
heart rates (82.62 ± 11.03 bpm vs 77.88 ± 12.43
bpm), there were no significant differences
between lignocaine and bupivacaine groups.
There was no relationship between the plasma
local anesthetic concentration, block level and
also QT dispersion values.

DDiissccuussssiioonn

Bupivacaine and lignocaine may differ
markedly in their effects on the heart when
adminestered intravenously (5). Although the
majority of toxic reactions occur as a result of
high plasma levels of local anesthetic agent , a
review of the literature demonstrates multiple
case reports describing morbidity and mortality
shortly after injection of even small doses of
bupivacaine (6). 

Several mechanisms are proposed to account
for the malignant arrhythmias (re-entrant
ventricular arrhythmias), conduction disturbance,
and myocardial depression typical of this

phenomenon. Bupivacaine inhibits sodium,
calcium, and potassium ion channels. It is
reported to interfere with beta adrenergic and
lysophosphotidate signal transduction pathways
and can activate the autonomic nervous system.
At high concentrations bupivacaine also
collapses the mitochondrial transmembrane
potential and inhibits electron transport
necessary for oxidative phosphorylation (7).
Kasten (5) et al investigated the hemodynamic
and electrophysiologic effects of bupivacaine and
lignocaine and found that all two agents
produced similar hemodynamic effects but
effects on the ECG were different. Compared with
the control period, lignocaine produced slight
increases and bupivacaine much greater increase
in the area under the curve of the T wave,
lengthening of the QTU interval, and
enhancement of the “slow wave” or U wave
following the T wave. The result of this study
suggests that bupivacaine can result in the
“Torsades de Pointes like syndrome”
(Polymorphic, undulating ventricular
tachycardia). The effective refractory period (ERP)
temporal dispersion which is evaluated in this
study is related to ventricular arrhythmias (8).
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FFiigguurree  22.. Preoperative QT dispersion values were 52.87 ± 14.24 ms  and 44.7 ± 10.67 ms  in lignocaine and
bupivacaine groups respectively. Postoperative QT dispersion values were 43.75 ± 14.54 ms  in lignocaine and 47.05
±  8.48 ms  in bupivacaine group. Data are in mean ± SD, p>0.05
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Comparison of ERP temporal dispersion of
bupivacaine and lignocaine may allow for greater
understanding of local anesthetic cardiovascular
toxicity. As a result of this study it was seen that
bupivacaine increased ERP temporal dispersion
more than lignocaine. In contrast, only
lignocaine group sustained mild alterations in the
relevant parameters and did lead to ventricular
tachycardia. The results support the concept that
lignocaine is safer to use in clinically equivalent
doses than bupivacaine.. 

In our study Holter monitorization results
were evaluated as a significant criteria to
establish the arrhythmias and the value of QT
interval dispersion was considered to be
important  to predicting the probable
arrhythmias. There are genuine methodological
difficulties in measuring QT intervals in ECGs
which are frankly abnormal. For this reason, QT
dispersion is of less value to cardiologists, whose
patients really always have very abnormal ECGs
(4).

The side effects of local anesthetic, indicating
toxicity, include cardiac arrhythmias and grand
mal seizures (9). Data from animals and humans
indicate that bupivacaine induced convulsions
are accompanied by hypoxia, hypercapnia and
acidosis (10,11). The study of Rosen (12) et al. in
hypoxic and acidotic sheep were given
equivalent low and high intravenous doses of
lignocaine and bupivacaine over ten seconds.
The most common abnormality after bupivacaine
administration was a wide QRS complex
bradycardia regardless of dose. Although the
mechanism of action is not known bupivacaine
appears to be more cardiotoxic than lignocaine.
This toxicity is enhanced by the presence of
hypercarbia, acidosis, and hypoxia (13). The
preoperative, peroperative and postoperative
arterial blood gas values were evaluated in our
study, and also the pulse oximeter was a standard
monitorization for all groups. All arterial blood
gas values and also the synchronous pulse
oximeter values were in normal ranges. 

Both atrial and ventricular arrhythmias have
been associated with hypomagnesemia (14). In a
review of arrhythmias associated with

hypomagnesemia, Millane (15) et al. found that
concurent hypokalemia was a consistent feature .
The causes of potassium and magnesium
depletion are similar. And there appears to be no
evidence that isolated hypomagnesemia is
proarrhythmic or that myocardial magnesium
depletion precipitates arrhythmias but it may
exacerbate potassium mediated arrhythmias by a
complex interaction which modifies the action
potential. In the treatment of arrhythmias related
to hypomagnesemia and hypokalemia, it is
recommended that both of them be administered
at the same time.

Magnesium has been used successfully in the
treatment of ventricular arrhytmias  associated
with long QT syndromes. Tzivoni (16) et al.
reported the successful use of magnesium in
patients with drug induced torsades de pointes.
Despite normal serum potassium and magnesium
concentrations, all patients responded to IV bolus
of magnesium . 

Parikka (17) et al. reported that magnesium
decreases QT dispersion in acute myocardial
infarction. The decreased arrhythmicity is related
to enhancement of homogenicity in
repolarization .

The importance of magnesium in atrial and
ventricular arrhythmias is obvious. In this study
we evaluated the preoperative , peroperative, and
postoperative Mg levels in both groups.
Magnesium levels were in normal ranges and it
was concluded that magnesium did not effect the
arrhythmia incidence in our study.

Hyperkalemia enhances the cardiotoxic
effects of both lignocaine and bupivacaine, with
this enhancement being more pronounced in the
case of bupivacaine (18,19). Timour (20) et al.
reported that the combinations of bupivacaine
and hyponatremia, and bupivacaine and
hyperkalemia tended to increase ERP more than
did bupivacaine alone. The electrolyte levels
were in normal ranges and we concluded that
plasma concentrations of electrolytes did not
alter the arrhythmogenic effects of these two local
anesthetics.

In our study there were no ST segment
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depressions as an indication of ischemia in Holter
recordings and two groups were not different
(p>0.05). There were no significant differences
between two groups and also in each group with
regard to preoperative and postoperative QT
dispersion (p>0.05) and also preoperative and
postoperative heart rates were not different

between the groups.

More prospective studies with larger groups of

patients are needed to have a conclusion that

bupivacaine can be more arrhytmogenic than

lignocaine in these clinical doses that we use

routinly.
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