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00 The Journal of Thoracic and Cardio
bjective: Early postoperative arrhythmias are a recognized complication of pedi-
tric cardiac surgery.

ethods: Diagnosis and treatment of early postoperative arrhythmias were prospec-
ively analyzed in 402 consecutive patients aged 1 day to 18 years (mean 29.5
onths) who underwent operation between January and December 2005 at our

nstitute. All children were admitted to the intensive care unit, and continuous
lectrocardiogram monitoring was performed. Risk factors, such as age, weight,
ristotle Basic Score, cardiopulmonary bypass time, aortic crossclamp time, and
se of deep hypothermia and circulatory arrest, were compared. Statistical analysis
sing the Student t test, Mann–Whitney U test, or Fisher exact test was performed.
ultivariate stepwise logistic regression was used to assess the risk factors of

ostoperative arrhythmias.

esults: Arrhythmias occurred in 57 of 402 patients (14.2%). The most common
ypes of arrhythmia were junctional ectopic tachycardia (21), supraventricular
achycardia (15), and arteriovenous block (6). Risk factors for arrhythmias, such as
ower age (P � .0041*), lower body weight (P � .000001* ), higher Aristotle Basic
core (P � .000001*), longer cardiopulmonary bypass time (P � .000001*), aortic
rossclamp time (P � .000001*), and use of deep hypothermia and circulatory arrest
P � .0188*), were identified in a univariate analysis. In the multivariate stepwise
ogistic regression, only higher Aristotle Basic Score was statistically significant
P � .000003*) compared with weight (P � .62) and age (P � .40); in the
ardiopulmonary bypass group, only longer aortic crossclamp time was statistically
ignificant (P � .007*).

onclusion: Lower age, lower body weight, higher Aristotle Basic Score, longer
ardiopulmonary bypass time, aortic crossclamp time, and use of deep hypothermia
nd circulatory arrest are the risk factors for postoperative arrhythmias. Junctional
ctopic tachycardia and supraventricular tachycardia were the most common post-
perative arrhythmias.

ostoperative arrhythmias were a major cause of mortality and morbidity after
cardiac surgery for congenital heart disease.1 In the early postoperative period
after cardiac surgery, patients with congenital heart disease are especially

ulnerable to rhythm disturbances. There have been numerous reports published
bout arrhythmia as a late complication of surgical procedures, such as the Mustard
r Senning operation for transposition of the great arteries, Fontan procedures, or
etralogy of Fallot repair.2-5 Although data concerning cardiac arrhythmias in
P value statistically significant.
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hildren in the early postoperative period are not common in
he literature, the year 2002 was abundant in studies con-
erning this problem.6-8

The aim of this prospective study was to determine the
ncidence of early postoperative arrhythmias in a group of
ediatric patients after cardiac surgery and to analyze the
isk factors of developing such condition.

aterials and Methods
ll 402 consecutive cases analyzed in this study concerned the

reatment of pediatric patients undergoing surgery for congenital
eart disease in the Department of Cardiac Surgery of the Chil-
ren’s Memorial Health Institute from January to December 2005.

A total of 200 girls and 202 boys underwent an open surgical
rocedure (cardiopulmonary bypass [CPB]) or non-open surgical
rocedure (non-CPB). Down syndrome was additionally diag-
osed in 6 children. All patients were admitted to the intensive care
nit (ICU) of our institute, and continuous electrocardiogram mon-
toring was used. Storage and retrospective printing of electrocar-
iograms were not available for the purpose of the study. In all
ases of cardiac arrhythmia detected in the ICU, a standard elec-
rocardiogram was performed and analyzed by pediatric cardiolo-
ist to verify the diagnosis.

rrhythmia Definition
rrhythmias were classified as junctional ectopic tachycardia

JET), supraventricular tachycardia (SVT), premature supraven-
ricular contractions, premature ventricular contractions, third-degree
eart block, atrial flutter, sinus bradycardia, junctional escape
hythm, sinus tachycardia, ventricular tachycardia, and ventricular
brillation. JET was defined as a narrow complex tachycardia with
trioventricular (AV) dissociation. SVT was defined as AV reen-
rant (retrograde P wave) or 1:1 AV conduction. Atrial flutter was
efined as a narrow complex tachycardia with greater than 2:1
onduction. Frequent premature supraventricular or ventricular
eats were diagnosed if their number exceeded 10 per minute.
inus bradycardia was defined as a sinus rhythm with a rate too

ow for a particular age and hemodynamic condition or a junc-
ional escape rhythm in the absence of AV block or JET. The
ollowing minimal rates according to age were considered as
radycardia: 120 to 130 beats/min diurnal rate in neonates, less
han 120 beats/min in children aged less than 1 year, 110 beats/min
n children aged 3 to 4 years, 100 beats/min in children aged 5 to

years, less than 90 beats/min in children aged 8 to 11 years, and

Abbreviations and Acronyms
AV � atrioventricular
CI � confidence interval
CPB � cardiopulmonary bypass
DHCA � deep hypothermia and circulatory arrest
ICU � intensive care unit
JET � junctional ectopic tachycardia
SD � standard deviation
SVT � supraventricular tachycardia
5 beats/min in children aged 12 to 15 years.9 s

The Journal of Thoracic
rrhythmia Management
ll reversible causes of arrhythmia, such as electrolyte or meta-
olic disturbances, were corrected. The following indications for
reatment were identified: JET, SVT, AV block, junctional escape
hythm, and sinus bradycardia.

Amiodarone was our drug of choice for both supraventricular
nd ventricular tachycardia. An initial single 5 mg/kg intravenous
ose of amiodarone was then followed by intravenous infusion of
0 to 15 mg/kg per day. No adverse effects of intravenous amio-
arone therapy, such as hypotension or proarrhythmogenic effect,
ere observed. Liver and thyroid laboratory values remained
ithin normal limits.

Patients with AV blocks or junctional escape rhythm were
aced using temporary electrodes implanted during every surgical
rocedure. Permanent pacing was performed in all cases of AV
lock more than 7 days.10

Collected data included patient’s age and gender, type of car-
iac malformation, type of surgical procedure performed, and the
ristotle Basic Score of the procedure.

The Aristotle Basic Score is a complexity scoring system for
ongenital heart surgery. The score is based on mortality, morbid-
ty, and surgical difficulty assigned to the primary procedure.11,12

tatistical Analysis
escriptive statistics are reported as mean value and 95% confi-
ence interval (CI). Comparisons between groups were made using
he unpaired Student t test or Mann–Whitney U test where appro-
riate. Discrete variables were compared with the Fisher exact test.
ultivariate stepwise logistic regression was used to assess the

isk factors of postoperative cardiac arrhythmias. Statistical anal-
sis was performed using Statistica for Windows software (Stat-
oft Inc, Tulsa, Okla).

esults
he mean age at procedure was 29.5 months (95% CI
4.9–34.1, standard deviation [SD] � 46.8). The mean
ody weight was 11.8 kg (95% CI 10.5-13.1, SD � 13.3),
nd the mean Aristotle Basic Score was 6.4 (95% CI 6.2-
.6, SD � 2.2).

Cardiac arrhythmia was diagnosed in 57 of 402 cases
14.2%), 53 of 299 CPB procedures (17.7%) and 4 of 103
on-CPB procedures (3.9%).

Table 1 presents the potential risk factors for arrhythmias
nd perioperative details.

Postoperative arrhythmias occurred in 12 of 38 patients
31.58%) when deep hypothermia and circulatory arrest
DHCA) was used during CPB, compared with 41 of 262
atients (15.65%) when DHCA was not used (P � .0188).
onger DHCA time is not associated with a higher inci-
ence of arrhythmias (P � .24). The onset of postoperative
rrhythmias is associated with prolonged intermittent positive
ressure ventilation time (P � .000001), prolonged ICU stay
P � .000001), and higher hospital mortality (P � .035).

After a surgical procedure involving opening the right
entricular outflow tract, a ventricular tachycardia progres-

ing to ventricular fibrillation was identified as the cause of

and Cardiovascular Surgery ● Volume 133, Number 4 901
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ospital death on the first postoperative day in a patient with
oth aortic and pulmonary stenosis. Other deaths were not
elated to postoperative arrhythmias.

Table 2 presents the incidences of the types of cardiac
rrhythmia corresponding to particular surgical procedures.

ABLE 1. Potential risk factors for arrhythmias and periop
Arrhythmic gr

ge (mo) 18.74, 95% CI (84-29.1),
ody weight (kg) 8.96, 95% CI (5.9-12.0),
ristotle Basic Score (402 patients) 7.8, 95% CI (7.3-8.3), S
PB time (299 patients) 169.1, 95% CI (150.1-188
ortic crossclamp time (294 patients) 82.6, 95% CI (72.2-92.9)
HCA time (38 patients) 29.0, 95% CI (16.6-41.4)

PPV time (h) 163.0, 95% CI (105.0-221
CU stay (d) 10.7, 95% CI (6.9-14.6),
ospital mortality 9.26% (5/57)

alues are presented as mean, 95% CI, and SD. CPB, Cardiopulmonary byp
ressure ventilation, ICU, intensive care unit; CI, confidence interval; SD,

ABLE 2. Incidences of types of cardiac arrhythmia corre
1 2 3 4

SD perimembranous 5 1 1
AVSD 5 1
oF 2 2
GA, VSD 2 2
GA, IVS 2
V, DILV 1 1
V, TA 1
APVC, supracardiac
oR 1
oA hypoplasia 2

nterrupted AoA 2
SD secundum 1
SD sinus venosus 1
SD, multiple 1
AVSD 1
APVC, scimitar 1
A, VSD
oS, valvar
V, heterotaxia syndrome 1
SD, CoA 1
GA, VSD LVOTO 1
TGA, VSD 1
TGA, VSD LVOTO 1
LCAPA 1
VOTO, PS, AoS

SD, Ventricular septal defect; CAVSD, complete atrioventricular septal de
entricle; DILV, double inlet left ventricle; TA, tricuspid atresia; TAPVC, tot
eptal defect; PAVSD, partial atrioventricular septal defect; AoS, aortic s
TGA, corrected transposition of the great arteries; WBG, White-Bland-G

Definitions of column numbers: 1. junctional ectopic tachycardia; 2. su
ontractions; 4. junctional rhythm; 5. sinus bradycardia; 6. ventricular tac
achycardia; 9. atrioventricular block; 10. atrial fibrillation.

02 The Journal of Thoracic and Cardiovascular Surgery ● Apri
Table 3 presents the incidences of postoperative arrhyth-
ia assigned to types of surgical procedure with the Aris-

otle Basic Score.
The most common cardiac arrhythmia was JET (21/57),

ollowed by SVT (15/57). A third-degree AV block was

ive details
Non-arrhythmic group P value

39.04 31.23, 95% CI (26.8-46.3), SD � 47.7 .0041
11.53 12.27, 95% CI (10.8-13.7), SD � 13.53 .0078

1.9 6.22, 95% CI (6.0-6.4), SD � 2.14 .000001
D � 69.2 128.7, 95% CI (111.8-145.6), SD � 134.9 .000001
� 37.1 53.6, 95% CI (49.3-57.9), SD � 34.2 .000001
� 19.6 20.4, 95% CI (13.7-27.1), SD � 16.6 .24
D � 218.6 76.2, 95% CI (45.5-106.9), SD � 289.6 .000001

14.6 5.1, 95% CI (3.7-6.5), SD � 12.9 .000001
2.6% (9/345) .035

HCA, deep hypothermia and circulatory arrest; IPPV, intermittent positive
ard deviation.

ding to particular diagnosis
5 6 7 8 9 10 All

2 9
1 7

1 1 1 7
4

1 3
1 3

1 2
1 1 2

1 2
2
2
1
1
1
1
1

1 1
1 1

1
1
1
1
1
1

1 1

TOF, tetralogy of Fallot; TGA, transposition of the great arteries; SV, single
malous pulmonary vein connection; AoR, aortic regurgitation; ASD, atrial

is; ALCAPA, anomalous origin of coronary artery from pulmonary artery;
syndrome; PS, pulmonary stenosis.
ntricular tachycardia attacks; 3. premature supraventricular ventricular

dia/ventricular fibrillation; 7. premature ventricular contractions; 8. sinus
erat
oup

SD �
SD �
D �
.2), S
, SD
, SD
.0), S
SD �
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iagnosed in 6 patients. Permanent pacemakers were im-
lanted in 4 patients. Postoperative AV block was transient
nd sinus rhythm returned on postoperative days 4 and 5 in
patients.

isk Factor Analysis
isk factors for arrhythmias, such as lower age (P �

0041*), lower body weight (P � .0078*), higher Aristotle
asic Score (P � .000001*), longer CPB time (P �

000001*), longer aortic crossclamp time (P � .000001*),
nd use of DHCA (P � .0188*), were identified in a
nivariate analysis. In the multivariate stepwise logistic
egression only higher Aristotle Basic Score was statisti-
ally significant (P � .000003*) compared with weight
P � .62) and age (P � .40). In the CPB group only longer
ortic crossclamp time was statistically significant in the
ultivariate analysis (P � .007) compared with CPB time

P � .9), age (P � .34), body weight (P � .59), and

ABLE 3. Incidences of postoperative arrhythmias as-
igned to particular types of surgical procedures and Ar-
stotle Basic Score value for each procedure

urgical repair Arrhythmia %
Aristotle

Basic Score

SO repair 3/17 17.6 10.0
SO � VSD repair � VSD
closure

5/6 83.3 11.0

AVSD repair 8/17 47.1 9.0
OF repair 7/34 20.6 8.0
APVC repair 2/4 50 5.0
SD closure 10/77 13 6.0
DCPA 5/17 29.4 6.8
oA 3/8 37.5 6.0
VR 2/3 66.7 7.0
BG 1/4 25 10.0

-T shunt 2/37 5.4 6.3
oA repair 1/28 0.03 6.0
SD closure 2/60 3.3 3.0
astelli procedure 1/1 100 10.0
AB 1/11 9.1 6.0
VOT procedure 1/1 100 6.5
APVC scimitar repair 1/1 100 8.0
ontan extracardiac 1/7 14.3 9.0
ll 57/402 14.2

SO, Arterial switch operation; VSD, ventricular septal defect; CAVSD,
omplete atrioventricular septal defect; TOF, tetralogy of Fallot; TAPVC,
otal anomalous pulmonary venous connection; BDPCA, bidirectional cavo-
ulmonary anastomosis; AoA, aortic arch repair; AVR, aortic valve replace-
ent; WBG, White, Bland, Garland syndrome, anomalous origin of coro-
ary artery from pulmonary artery repair; B-T, Blalock–Taussig; CoA,
oarctation of the aorta; ASD, atrial septal defect; PAB, pulmonary artery
anding; RVOT, right ventricular outflow tract; PAPVC, partial anomalous
ulmonary venous connection.
ristotle Basic Score (P � .22). m

The Journal of Thoracic
iscussion
arious pathophysiologic causes of early postoperative

rrhythmias result from direct surgical injury caused by
yocardial incision or resulting from cannulation, su-

ures affecting function of the AV conduction system,
nd rapid changes of intracardiac pressures caused by
olume and pressure fluctuations.13 Therefore, although
arly postoperative cardiac arrhythmias were present in
oth CPB and non-CPB groups of the study, the CPB
roup was more prone to this type of complication (53/
99, 17.7%) than the non-CPB group (4/103, 3.9%). In
fammatter and colleagues’ study,6 arrhythmic patients
ere significantly younger than those without arrhyth-
ia. Our results proved similar. In our study, the univar-

ate statistical analysis demonstrated that among younger
hildren with lower body weight arrhythmia occurred
ignificantly more frequently than in older patients. For 3
ypes of surgical procedures examined by Pfammatter
nd colleagues (ventricular septal defect closure, tetral-
gy of Fallot repair, and complete AV canal), the com-
lexity of the procedure was a strong predictor of post-
perative arrhythmias. In multivariate stepwise logistic
egression analysis, only the Aristotle Basic Score dif-
erence was statistically significant in our series, indicat-
ng that greater case complexity is associated with a
igher incidence of arrhythmias. In the study by Val-
angiacomo and colleagues,7 the most frequent types of
rrhythmia were sinus bradycardia, second and third-
egree AV block, and SVT. In our series JET and SVT
ere most common. In Valsangiacomo and colleagues’

tudy, lower body weight, longer CPB duration, and
igher surgical complexity were the risk factors for early
ostoperative arrhythmias. The results of our study are
imilar, identifying lower body weight and age, and
igher Aristotle Basic Score as risk factors. In Batra and
olleagues’ study,14 longer ischemic time was the best
redictor of JET, which was confirmed by the results of
ur study. Patients undergoing AV canal repair, arterial
witch operation for transposition of the greats arteries,
r tetralogy of Fallot repair are at the highest risk of
ostoperative JET. In our series JET was the most com-
on postoperative arrhythmia (21/57) after AV canal

orrection (N � 6), ventricular septal defect repair (N �
), and arterial switch operation for transposition of the
reat arteries with ventricular septal defect (N � 3). JET
ccurred most frequently after tetralogy of Fallot repair
n the study by Dodge-Khatami and colleagues,8 which
ur study did not confirm. Early postoperative arrhythmia
ncreased intermittent positive pressure ventilation time
nd prolonged the ICU postoperative stay of our patients
nd was associated with higher early postoperative

ortality.

and Cardiovascular Surgery ● Volume 133, Number 4 903
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onclusions
ET and SVT were the most common postoperative arrhyth-
ias. Lower age, lower body weight, higher ABS, longer
PB time, longer crossclamp time, and use of DHCA are

isk factors for postoperative arrhythmias.
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