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INTRODUCTION

Pain control is important in improving both clinical 
outcomes and patient comfort [1]. In pediatric patients, local 
anesthesia is commonly used, as it is a reliable, safe, and easy 
method of pain control. Therefore, it is common to inject 
local anesthetics at the end of surgery to relive postoperative 
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pain [2]. Lidocaine is often used as local anesthesia because 
it is associated with a fast onset of sensory blockade and 
good efficacy. In clinical practice, a mixture of lidocaine and 
bupivacaine is often used [3]. The former quickly blocks 
sensations, and the latter blocks the senses for a long time, 
so they are mixed to take advantage of both [3]. The onset 
of  action of  bupivacaine is 5 to 10 minutes and it has a 
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duration of effect of up to six hours [2].
The toxic effects of local anesthetic agents are relatively 

well documented [3]. The most prevalent form of toxicity 
of local anesthetics is cardiovascular toxicity. The two most 
important components of local anesthetic cardiac toxicity 
are arrhythmias and contractile depression. An overdose 
of a local anesthetic agent is likely to cause hypoxia and 
exacerbate cardiotoxicity. Deterioration of  myocardial 
hypoperfusion worsens cardiac function and can lead 
to failed resuscitation [4]. These events often manifest 
as abnormal f indings on electrocardiograms (ECGs). 
Specifically, bupivacaine toxicity tends to widen the QRS 
complex, leading to arrhythmias and asystole. A high dose of 
lidocaine can cause prolongation of the pulse rate (PR) time, 
widening of the QRS complex, atrioventricular (AV) block, 
and circulatory failure [5].

Based on a literature review, there is as yet no prospective 
study on hemodynamic and cardiac changes of  local 
anesthetic agents in children who underwent urologic 
surgery. Therefore, we evaluated the safety of a mixture 
of bupivacaine and lidocaine in children who underwent 
urologic inguinal and scrotal surgery. Since cardiac 
function develops along with advancing age of the child, 
we investigated the effect of  the local anesthetic on the 
hemodynamic and electrocardiographic changes, according 
to age and laterality.

MATERIALS AND METHODS

A prospective analysis on the hemodynamic and 
cardiac safety of a mixture of bupivacaine and lidocaine 
was carried out in a single institution from December 2011 
to March 2012 with written informed consent (PNUYH 
approval number: IRB 03-2014-029). After receiving informed 
patient consent, 55 children classified as American Society 
of Anesthesiologists grades I and II who were undergoing 
elective surgical procedures such as inguinal hernia 
repair, hydrocelectomy, or orchiopexy were included in 
this prospective study. Children with a history of allergic 
reactions to local anesthetic agents, coagulopathy, preexisting 
neurological or cardiac diseases, mental retardation, and 
neuromuscular disorders were excluded from this study. 

Demographic parameters, such as age, weight, gender, 
and laterality, were recorded. The patients were allocated 
into one of 3 groups by age. Group I included patients less 
than 2 years of age, group II included those 3 to 4 years of 
age, and group III included those 5 years of age or older.

The patients were further subdivided into unilateral 
and bilateral groups. The unilateral group received a single 

local anesthetic, whereas the bilateral group received a local 
anesthetic twice, without exceeding the maximum dose.

After all surgical procedures were completed, local 
anesthesia was administered with a mixture of  0.5% 
bupivacaine and 2% lidocaine (2:1 volume ratio) via injection 
into the surgical wound. The maximal dose of lidocaine was 
3 mg/kg and the maximal dose of bupivacaine was 1.5 mg/
kg. For example, when the weight of the child was 10 kg, the 
maximum dose of the mixture was 0.5% bupivacaine 3 mL (15 
mg) and 2% lidocaine 1.5 mL (30 mg).

Electrocardiographic and hemodynamic parameters were 
recorded three times, just before local anesthesia, 30 minutes 
after administration, and 60 minutes after administration. 
Electrocardiographic parameters included PR interval, QRS 
interval, and QT interval. Clinically significant PR interval 
in this study was defined as 0.16 seconds or more in group 
I, and 0.17 seconds or more in groups II and III. Significant 
QRS widening was set at 0.08 seconds or more in groups I 
and II, and 0.09 seconds or more in group III. This is because 
QRS widening is defined as 0.09 seconds or more in patients 
older than 5 years. The normal value of the QT interval in 
pediatric ECG is 0.44 seconds or less [6]. The hemodynamic 
parameters included blood pressure, heart rate, and respira-
tory rate. The clinically adverse events related to the 
mixture of  bupivacaine and lidocaine, such as nausea, 
vomiting, pruritus, respiratory depression, and hypotension, 
were assessed at the time of discharge and at the outpatient 
clinic one week after discharge.

Statistical analysis was done using the chi-squared 
test using SPSS statistical software version 13.0 (SPSS Inc., 
Chicago, IL, USA). The p<0.05 was regarded as statistically 
significant. Data are reported as mean±standard deviation.

RESULTS

Patient characteristics are summarized in Table 1. He-
modynamic parameters before local anesthesia, after 30 
minutes, and after 60 minutes were normal in all patients. 
Mean systolic blood pressure before local anesthesia, 30 
minutes after, and 60 minutes after was 105.0±14.6 mmHg, 
121.5±21.4 mmHg (p<0.001), and 126.7±17.9 mmHg (p<0.001), 
respectively. Mean PR before local anesthesia, 30 minutes 
after, and 60 minutes after administration were 137.3±23.7 
/minute, 142.2±28.0/minute (p=0.322), and 136.4±38.7/minute 
(p=0.887), respectively. There was no significant difference 
in these results. The respiratory rate 60 minutes after 
administration of  local anesthesia was 26.1±11.2/minute 
(p=0.008) (Table 2).

Electrocardiographic parameters before local anesthesia, 
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30 minutes after, and 60 minutes after administration 
were normal in all patients. The PR interval before local 
anesthesia, 30 minutes after local anesthesia, and 60 
minutes after local anesthesia was 0.147±0.111 seconds, 
0.134±0.019 seconds (p=0.430), and 0.131±0.023 seconds (p=0.336), 
respectively. The QRS interval before local anesthesia, 30 

minutes after local anesthesia, and 60 minutes after local 
anesthesia was 0.074±0.009 seconds, 0.079±0.009 seconds 
(p=0.004) and 0.077±0.009 seconds (p=0.106), respectively. 
The QT interval before local anesthesia, 30 minutes after 
local anesthesia, and 60 minutes after local anesthesia 
was 0.337±0.031 seconds, 0.337±0.049 seconds (p=0.974) and 

Table 1. Patients’ characteristics

Characteristic All Group I (0–2 y) Group II (3–4 y) Group III (≥5 y)
No. of patients 55 26 16 13
Mean age (mo) 40.5±39.9 11.9±4.5 39.8±12.1 98.5±39.0
Diagnosis
   Hydrocele 19 5 8 6
   Inguinal hernia 6 1 3 2
   Cryptorchidism 29 20 4 5
   Retractile testis 1 0 1 0
Laterality
   Unilateral 43 20 11 12
   Bilateral 12 6 5 1

Values are presented as number only or mean±standard deviation.

Table 2. Hemodynamic changes (blood pressure, pulse rate, respiration rate) between pre-injection and post-injection (30 min, 60 min)

Pre-
injection

Post-injection p-value

30 min 60 min
Pre-injection vs. 

30 min
Pre-injection vs. 

60 min
30 min vs. 60 min

All BP (mmHg) 105.0±14.6 121.5±21.4 126.7±17.9 <0.001 <0.001 0.190
60.9±13.9 67.1±15.2 66.1±17.9 0.27 0.092   0.744

PR (/min) 137.3±23.7 142.2±28.0 136.4±38.7 0.322 0.887 0.370
RR (/min) 21.8±3.5 25.0±10.4 26.1±11.2 0.30 0.008 0.609

Group I BP (mmHg) 104.3±14.6 116.8±21.7 125.0±23.1 0.019 <0.001 0.194
58.4±13.4 63.8±15.3 66.3±19.1 0.179 0.087 0.599

PR (/min) 149.5±17.1 152.2±31.1 157.0±36.6 0.697 0.346 0.612
RR (/min) 22.4±3.8 26.8±10.1 26.6±12.2 0.044 0.101 0.951

Group II BP (mmHg) 104.5±17.2 121.1±20.5 129.6±19.5 0.19 0.001 0.236
62.3±15.4 65.0±15.9 60.8±16.6 0.631 0.785 0.465

PR (/min) 138.0±19.1 141.6±22.5 131.4±29.0 0.627 0.452 0.273
RR (/min) 21.6±4.0 24.1±13.3 29.0±10.7 0.477 0.014 0.256

Group III BP (mmHg) 106.9±11.7 131.5±19.7 126.7±15.6 0.001 0.001 0.501
64.2±12.8 76.4±10.7 72.2±16.0 0.015 0.177 0.436

PR (/min) 111.9±20.8 122.8±16.4 101.3±24.7 0.150 0.247 0.015
RR (/min) 20.8±1.5 22.7±5.9 21.5±8.6 0.283 0.802 0.674

Unilateral BP (mmHg) 105.2±15.0 122.5±20.2 126.2±19.7 <0.001 <0.001 0.393
60.5±14.8 68.2±15.5 67.1±16.1 0.020 0.050 0.744

PR (/min) 134.8±22.7 140.3±28.8 136.0±41.4 0.329 0.872 0.575
RR (/min) 21.6±3.0 24.3±9.7 24.8±9.8 0.078 0.044 0.835

Bilateral BP (mmHg) 104.3±13.6 118.0±25.7 128.8±23.0 0.118 0.005 0.293
62.4±10.1 63.2±13.8 62.4±23.7 0.880 1 0.925

PR (/min) 146.0±26.1 148.9±25.0 137.8±28.5 0.782 0.471 0.322
RR (/min) 22.7±5.0 27.6±12.4 30.8±14.6 0.293 0.080 0.564

Values are presented as mean±standard deviation. 
Group I, under 2 years; group II, between 3−4 years; group III, 5 years and above; BP, blood pressure; PR, pulse rate; RR, respiration rate.
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0.329±0.062 seconds (p=0.393), respectively (Table 3).
When analyzed by age, we observed significant PR 

interval differences in group III, 60 minutes after local 
anesthesia (p=0.023). Significant QT interval differences 
were observed in group I and III at 60 minutes after local 
anesthesia (p=0.025, 0.024, respectively). Also, significant QRS 
interval differences were observed in groups I and II, at 30 
minutes after local anesthesia (p=0.044, 0.001, respectively). 
However, all intervals were within the normal range.

When analyzed by laterality, significant QRS interval 
differences were observed in patients who underwent 
bilateral surgery 30 minutes after local anesthesia (p=0.004). 
However, all intervals were within normal values (Table 3).

No clinically adverse events related to administration of 
the mixture of bupivacaine and lidocaine, were observed at 
the time of discharge and at the outpatient clinic one week 
after discharge.

DISCUSSION

More than 80% of patients undergoing surgery expe-
rience acute pain after surgery, and about 75% of  them 
report moderate or severe pain [7]. Inadequately controlled 
pain negatively af fects function, quality of  life, and 
functional recovery, and there is a risk of  persistent 

postsurgical pain and postsurgical complications [8]. Owing 
to difficulties in assessing pain and concern about lowering 
cardiorespiratory function, children often do not receive 
appropriate treatment for postoperative pain [1]. Operating 
rooms and recovery rooms are unfamiliar and unpleasant 
environments for children. In addition, isolation from 
parents, hunger, and pain during surgery can cause stress 
and can lead to prolonged hospital stays, and can increase 
the cost of care [3]. Several physiological changes, including 
increases in heart rate, respiratory rate, blood pressure, 
sweating, and decreases in vagal tone and oxygen saturation 
are used to assess pain in children [9]. Furthermore, a 
patient’s clinical condition is af fected by hypoxemia, 
hypoglycemia, body temperature, and sepsis [10].

The American Pain Society published a practice 
guideline for acute pain management in the perioperative 
setting in 2012 [11]. Multiple analgesics are more effective for 
pain relief than monoform intervention because different 
analgesics have different effects on central and/or peripheral 
nervous systems [8]. Many tools use both physiological and 
behavioral measures to determine pain scores [11]. Local 
anesthesia is a simple-to-use technique for post-operative 
pain management [2]. Toxicity of local anesthetics is mostly 
attributable to high plasma concentrations of such agents [12].

The cardiotoxic effects of local anesthesia are relatively 

Table 3. Electrocardiographic changes (PR interval, QRS interval, QT interval) between pre-injection and post-injection (30 min, 60 min)

Pre
-injection (s) 

Post-injection (s) p-value

30 min 60 min
Pre-injection vs. 

30 min
Pre-injection vs. 

60 min
30 min vs. 60 min

All PR interval 0.147±0.111 0.134±0.019 0.131±0.023 0.430 0.336 0.513
QRS interval 0.074±0.009 0.079±0.009 0.077±0.009 0.004 0.106 0.249
QT interval 0.337±0.031 0.337±0.049 0.329±0.062 0.974 0.393 0.494

Group I PR interval 0.161±0.162 0.131±0.021 0.125±0.025 0.382 0.283 0.355
QRS interval 0.071±0.009 0.076±0.009 0.074±0.009 0.044 0.270 0.338
QT interval 0.320±0.026 0.316±0.048 0.296±0.046 0.679 0.025 0.156

Group II PR interval 0.131±0.018 0.131±0.048 0.129±0.017 0.989 0.822 0.828
QRS interval 0.073±0.005 0.079±0.005 0.077±0.007 0.001 0.056 0.364
QT interval 0.335±0.020 0.333±0.022 0.331±0.032 0.804 0.635 0.793

Group III PR interval 0.139±0.012 0.147±0.010 0.151±0.011 0.124 0.023 0.372
QRS interval 0.081±0.008 0.084±0.009 0.083±0.010 0.320 0.510 0.806
QT interval 0.372±0.021 0.396±0.036 0.413±0.056 0.069 0.024 0.432

Unilateral PR interval 0.153±0.125 0.135±0.019 0.131±0.023 0.402 0.298 0.428
QRS interval 0.074±0.009 0.078±0.009 0.077±0.009 0.063 0.282 0.432
QT interval 0.339±0.034 0.336±0.052 0.331±0.067 0.800 0.514 0.712

Bilateral PR interval 0.127±0.017 0.130±0.017 0.132±0.982 0.688 0.533 0.820
QRS interval 0.072±0.006 0.079±0.007 0.077±0.010 0.004 0.154 0.340
QT interval 0.330±0.019 0.338±0.036 0.320±0.034 0.526 0.377 0.264

Values are presented as mean±standard deviation.
Group I, under 2 years; group II, between 3−4 years; group III, 5 years and above; PR, pulse rate.
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well known. Typical effects seen on ECG include lengthening 
of the PR interval and widening of the QRS complex [4]. 
Ventricular conduction depends only on the sodium channel, 
and QRS widening reflects the effects of  the drug on 
ventricular conduction [13].

Bupivacaine is a long-acting amide-based topical anes-
thetic that is commonly used in clinical practice [14]. Unlike 
lidocaine, which binds and dissociates quickly, bupivacaine 
blocks the myocardial sodium channel and regulates the 
channels slowly during the heart relaxation period [15]. 
In vitro  studies, bupivacaine has been shown to cause 
a significant decrease in blood pressure and heart rate 
through electrical excitability of the heart and dilation of 
blood vessels [16].

Some studies have investigated the impact of bupivacaine 
on the baroreflex, which acts in the rat heart and brain-
stem [3]. Krikava et al. [3] reported that bupivacaine was 
selectively toxic to the cardiovascular control center 
located in the brainstem. Large amounts of  bupivacaine 
significantly reduce myocardial contractility and impair 
cardiac electrophysiology, particularly ventricular conduction. 
Laskowski et al. [17] reported that increased heart rate via 
anesthesia in dogs given large doses of bupivacaine promotes 
ventricular interval prolongation, QRS enlargement, and the 
development of ventricular arrhythmias.

Lidocaine is a short-acting drug that is classified as a 1B 
antiarrhythmic drug in the Vaughan Williams classification 
[5]. However the elimination half-life of lidocaine is around 
90 to 120 minutes in most patients [5]. Lidocaine acts on 
similar sites as bupivacaine and sodium channels, but 
lidocaine and bupivacaine have different effects on the 
heart [5]. Lidocaine competes with bupivicaine at the sodium 
channel binding site [5]. For this reason, lidocaine is used 
to treat cardiac toxicity caused by bupivacaine [5]. Some 
animal studies suggest a protective effect of lidocaine when 
mixed with bupivacaine [18]. One researcher suggested that 
addition of  lidocaine with bupivacaine in pigs increases 
the threshold at which bupivacaine causes ventricular 
fibrillation [18].

Toxicity due to local anesthesia can be prevented by 
careful injection techniques, careful observation, and 
knowledge of  the maximum dose based on body weight. 
Doctors should start with aspiration before injecting 
anesthetics, and inject slowly [19]. Rapid recognition of 
toxicity is important for an effective response. If  toxic 
symptoms are present, administration of local anesthetic 
should be discontinued immediately [20].

Krikava et al. [3] described the effects of bupivacaine 
and lidocaine. After administration of  bupivacaine, lido-

caine, or a mixture of the two to the heart of an isolated 
rat, electrophysiological parameters and QRS duration 
were followed. In the group that received a mixture of 
bupivacaine and lidocaine, heart rate was significantly 
decreased, and the administration of bupivacaine induced 
significant elongation of QRS and prolongation of PQ [3].

Significant prolongation (p<0.05) of QRS was seen in the 
bupivacaine (6 μg/mL) group in comparison with the group 
given a mixture of  bupivacaine (6 μg/mL) and lidocaine 
(12 μg/mL) [3]. However, after 60 minutes of stabilization, 
QRS enlargement rapidly recovered in both groups given 
bupivacaine [3]. 

Our study showed that a mixture of bupivacaine and 
lidocaine alters the ventricular conduction parameters, 
particularly the QRS interval, which is prolonged. QRS is the 
most prominent waveform in ECG parameters [21]. It is an 
electrical signal that appears during the heart’s ventricular 
contraction; hence, its interval and shape represent a 
lot of  information about the current state of  the heart 
[21]. Abnormal width of  these QRS indicates ventricular 
conduction disturbances, such as ventricular arrhythmia, 
bundle branch blocks, WPW and heart failure [21]. QRS 
widening can be the result of  ventricular remodeling in 
cardiomyopathy, ventricular fibrosis secondary to myocardial 
injury or infarction [21]. Clinically significant QRS widening 
in children under 5 years is usually 2 small boxes or more 
(0.08 seconds or 80 msec). For patients older than 5 years, 
the QRS widening is defined as 0.09 seconds or more [6]. In 
infants and young children under 2 years, a PR interval 
of 0.16 seconds (≥160 msec or 4 small boxes) is associated 
with AV block [6]. The normal value of the QT interval in 
pediatric ECG is 0.44 seconds or less [6]. 

In this study, significant electrocardiographic changes were 
observed in some groups, 30 minutes after administration, 
when compared to just before local anesthesia. However there 
was no clinically significant QRS widening, PR interval, QT 
interval, or clinically adverse side effects due to these changes. 
It is well known that the QRS interval increases with age [21]; 
In our study, we also observed a slight increase according to 
age.

The electrocardiographic changes are proportional to the 
concentration of local anesthesia. It is considered that the 
electrocardiographic changes can be safely applied in clinical 
situations below the appropriate concentration.

Increases in systolic blood pressure and respiratory rate, 
prolonged QRS interval were observed after administration 
of local anesthesia. However, these symptoms disappeared 
completely without causing clinical adverse effects. Also, the 
prolonged QRS interval was less than 0.08 seconds, which 
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was not clinically significant. No patient in any group 
developed nausea, vomiting, pruritus, sedation, or respiratory 
depression, and the mixture was especially safe for infants 
younger than 2 years.

Lidocaine is a short-acting drug, but its limited duration 
of  action is less than ideal for use in many procedures. 
Bupivacaine has a much longer duration of action. However, 
owing to its slow onset, it is not an ideal sole agent for 
procedural analgesia in most situations [22]. So, combining 
the two agents in one syringe offers the patient the best 
effects of both drugs: the very rapid onset of lidocaine and 
the prolonged duration of bupivacaine. In addition, lidocaine 
competes with bupivacaine at the sodium channel binding 
site, and blocks most of the binding of bupivacaine, which 
is the basis for suggesting that lidocaine be used to treat 
cardiac toxicity caused by bupivacaine [5]. We previously 
investigated the effect of  bupivacaine and lidocaine on 
patients who underwent urologic surgery in the penoscrotal 
and inguinal regions [23].

This was the first prospective study on the safety of 
a mixture of  bupivacaine and lidocaine in children who 
underwent urologic inguinal and scrotal surgery.

CONCLUSIONS

In the present study, we propose that a mixture of 
bupivacaine and lidocaine is a safe local anesthesia for post-
operative pain management. An appropriately selected dose 
of a mixture of bupivacaine and lidocaine can be used in 
children who have undergone urologic inguinal and scrotal 
surgery, without any clinically significant hemodynamic 
changes or any adverse effects.
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