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Objective: To determine appropriated documentations for diagnosis junctional ectopic tachycardia (JET)
before treatment in post-operative open heart surgery and identify risk factors for post-operative cardiac
arrhythmias in children.
Material and Method: The authors performed a retrospective chart review in 277 patients who underwent
surgical corrections at British Columbiaûs Children Hospital from January 1st, 2000 to December 31st ,
2001. History, clinical symptoms, complication of surgery and post-operative cardiac arrhythmias were
reviewed from medical records.  The authors investigated whether JET was being diagnosed accurately
and whether it was being adequately documented prior to the initiation of therapy. The authors also
identified risk factors that were associated with JET.  All documentations before treatment were reviewed
by Pediatric cardiologists to confirm diagnosis.
Results: Although the diagnostic accuracy (84%), sensitivity (87%), and specificity (84%) are high,
a significant number of patients with post-operative arrhythmias were treated without adequate
documentation of the arrhythmia. The documentation of arrhythmias in the Intensive Care Unit was
largely limited to rhythm strips, with very few 12-lead ECGs and wire studies performed to assist
with the diagnosis.
Conclusion:  The presented data indicates that, in this critically-ill population, there was an unacceptable
number of patients with post-operative arrhythmias who may have been treated inappropriately. It is very
important to emphasize the interpretation of wire studies, an investigation normally done in a critical care
setting and whose interpretation is very important to the accurate diagnosis of pediatric arrhythmias
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Transient arrhythmias are common
complication following surgery for congenital heart
defects (CHD). Arrhythmias are associated with
an increased morbidity and mortality in the post-
operative period, occurring in over one-half of
patients with certain lesions(1-7).  Junctional ectopic
tachycardia (JET) is the most common arrhythmia
following surgery for CHD. JET is a life-threatening
arrhythmia characterized as an incessant narrow
complex tachycardia in the absence of a pre-existing
bundle branch block. There is usually
atrioventricular dissociation, although retrograde
conduction to the atria is possible(8,9). Post-operative
JET has been reported to be self-limited, subsiding
within 72 to 96 hours(10). The incidence of JET in
the post-operative period ranges from 5-16% and
occurs more commonly following repair of tetralogy
of Fallot, ventricular septal defects, atrioventricular
septal defects and the Fontan procedure(11-16).
Although the diagnosis can be made from a single
lead on a monitor rhythm strip, the diagnosis is
best made from the post-operative 12-lead
electrocardiogram (ECG). Due to post-operative
conduction abnormalities, such as bundle branch
block, an atrial wire study is often necessary to
confirm the diagnosis(13,17). Previous studies have
used a variety of methods to diagnose JET, but
have not commented on how the arrhythmia was
documented nor the diagnostic accuracy.

The etiology of JET is not well understood
but it is thought to be the result of injury to
the conduction system during surgery(18-20). The
mechanisms underlying JET are not known, but
have been attributed to enhanced automaticity in
the His bundle due to the observation of a çwarm
upé and çcool downé effect, as well as the failure
to terminate the arrhythmia with atrial or ventricular
overdrive pacing(8,9). Treatment is generally aimed
at rate control and a number of approaches have
been tried with most centers adopting a tiered
approach(10,16). The principles of treatment include

addressing significant hemodynamic residua,
eliminating electrolyte imbalance, minimizing
inotrope use, applying hypothermia, overdrive
pacing, followed by escalation of therapy with
anti-arrhythmic agents. Amiodarone has replaced
most other medications used to treat post-operative
JET(21-23).  Although post-operative JET can be
managed successfully in most patients, morbidity
and mortality are still seen in the current era,
including the adverse effects associated with the
treatment itself(10,11,16,24).

Given that there are potential adverse
outcomes associated with JET and its treatment, it
is crucial to confirm the diagnosis before treatment.
The purpose of the present was to determine whether
JET was being diagnosed accurately in our
institution. The authors also wanted to determine
whether JET was being sufficiently documented
prior to the initiation of therapy and identify risk
factors associated with JET at our institution.

Material and Method

A retrospective review was conducted of
all pediatric open-heart surgeries that were performed
at the British Columbia Womenûs and Childrenûs
Hospital between January 1st, 2000 and December
31st, 2001. The data was collected from medical
records, clinical and surgical databases and included
demographic data, information about underlying
heart disease, pre-operative status, previous surgeries
and complications, pre-existing arrhythmias,
operative techniques and peri- and post-operative
course. Particular attention was paid to diagnosis,
documentation, and treatment of the arrhythmia.

The diagnosis of JET was made if the
patient had retrievable documentation of a normal
QRS tachycardia with a QRS rate between 160-
230 bpm or greater than the 98th percentile for
age with either: (1) atrioventricular dissociation
with a ventricular rate exceeding the atrial rate;
or (2) retrograde ventriculo-atrial conduction
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demonstrated not to be anterograde conduction of
an atrial or sinus tachycardia (Fig. 1). All available
arrhythmia documentation were reviewed. To assess
the accuracy of the diagnosis of JET, all recordings
were reviewed by at least two investigators, with
one (SS) blinded to the clinical diagnosis.  The
post-operative course was evaluated in terms of
complications which included cardiac arrest,
pericardial effusion, low cardiac output syndrome,
recurrent pleural effusion, neurologic complications,
renal or hepatic failure.  The need for extracorporeal
life support (ECLS), duration of intubation, length
of stay in the Intensive Care Unit (ICU) and hospital
were also recorded. The patientûs status at last
follow-up was noted.  Mortality was defined as
occurring early (died ≤ 30 days after surgery) or
late (died > 30 days after surgery).

Statistical Analysis

Frequency tables were calculated for all
categorical data. Chi-square statistics were used to
test for associations between categorical data and
the risk for post-operative arrhythmias.  Relative
risk (RR) and 95% confidence limits (CI) are
reported.  Univariate analyses were performed on
all continuous data. Median values (range of values)
were reported.  A Wilcoxon Rank Sum test was
used to test the equality of median values between
groups of patients.

Because multiple comparisons were made
the authors adopted the following convention for
interpreting statistical significance: p-values <0.005
were considered statistically significant; p-values
between 0.005 and 0.05 were considered to be of
marginal statistical significances and worthy of

Fig. 1  Wire study demonstrating the importance of differentiating anterograde from retrograde atrial activation



J Med Assoc Thai Vol. 88 Suppl.3  2005 S217

further investigation; and p-values greater than 0.05
were considered to be not statistically significant.
All statistical analyses were completed using SAS
Statistical Software, SAS Institute, Cary, NC.

Definitions

Sensitivity was defined as the proportion
of patients with JET who were treated as if they
had JET.  Specificity was defined as the proportion
of patients who did not have JET who were treated
as if they didnût have JET. Diagnostic accuracy
was defined as the proportion of patients who were
correctly diagnosed (those patients diagnosed and
treated as having JET who actually had JET [true
positives] and those patients diagnosed and treated
as not having JET who actually didnût have JET
[true negatives]).

Results

Demographics

A total of 277 patients (149 males) with a
diagnosis of CHD underwent 278 open-heart surgical
procedures during the study period.  One patient
underwent both a cavo-pulmonary connection and
the Fontan completion during the study period.
There were no arrhythmias following either
procedure and only the Fontan completion was
included to simplify our analysis. The patientsû
median age and body weight at the time of surgery
were 18.5 months (3 days - 279 months) and
11.2 kg (2.3-99 kg), respectively.

Arrhythmia Documentation

Post-operative arrhythmias were diagnosed
in 66 patients (24%), with JET being the most
common. When the authors reviewed all of the
arrhythmia documentation, 57/66 patients (86%)
had retrievable documentation of their arrhythmia

Fig. 2  Schematic diagram illustrating the treatment given to the cohort of patients identified with post-operative arrhythmias



S218 J Med Assoc Thai Vol. 88 Suppl.3  2005

(see Fig. 2). The 9 patients without retrievable
documentation were excluded from further analyses.
There were 32 patients who were diagnosed
and treated for JET in the clinical setting.
Documentation consisted of 29 single lead rhythm
strips, 2 atrial wire studies, and 1 twelve lead
electrocardiogram (ECG). Our secondary review
confirmed the diagnosis of JET in 27/32 (84%)
patients with retrievable documentation. Among
the 5 documented cases with altered diagnoses on
retrospective review, one was found to have sinus
tachycardia, one had frequent atrial ectopic beats
with an underlying sinus rhythm, two had
bradycardia with junctional escape beats, and one
had atrial flutter. In the remaining 25 cases with
arrhythmia documentation, the authors identified 4
additional cases of JET that were originally
diagnosed as a supraventricular tachycardia other
than JET. When the authors only consider the 57
patients with retrievable documentation in these
calculations, the sensitivity is 87% (27/31), the

specificity is 84% (21/25) and an overall diagnostic
accuracy is 84% (48/57).  In the remaining patients
with post-operative arrhythmias (non-JET), the
diagnoses after secondary review are listed in Table
1.  Nearly 6.5% of patients had either no retrievable
documentation or the available documentation did
not support the original diagnosis.

Risk Factors and Outcomes in Patients with JET

Thirty-one of 268 patients (11.6%) fulfilled
the authorsû criteria for a diagnosis of JET.  The
median time to onset of JET post-operatively was
6 hours (intraoperatively-21 days) with a median
duration of 38 hours (1-168 hours).  In the patients
with JET, no significant hemodynamic residua
requiring re-intervention were identified. A tiered
approach to treatment was used (Table 2) and JET
was eventually controlled in all patients.

Patients with JET were younger (7.7 vs
26.9 months; p<0.03), and smaller (6.5 vs 12.1 kg;
p<0.004) at the time of surgery.  JET was most

Table 1.  Types of arrhythmias among the group of patients with retrievable documentation who had other arrhythmias

Total  other arrhythmia Treated as JET Not Treated as JET Total

N= 26 N (%) N (%) N

Congenital Heart Block ---- 7(100) 7
Sinus Bradycardia with Junctional Escape 2 (25) 6 (75) 8
Sinus Tachycardia 1(100) ---- 1
Ventricular Tachycardia ---- 4(100) 4
Ectopy 1(33) 2(67) 3
Re-Entrant Supraventricular Tachycardia ---- 1(100) 1
Atrial Ectopic Tachycardia ---- 1(100) 1
Atrial Flutter 1(100) ---- 1

Table 2.  Number of patients with JET who responded to different treatment strategies

Total Treated JET

Documented N = 25 C P A C, P C, A P, A C, P, A
JET (81%) 0 0 1(4%) 6(24%) 2(8%) 2(8%) 14(56%)

No treatment

N = 31 as JET

N = 6
(19%)

C=Cooling; P=Pacing; A=Amiodarone; C, P=Cooling, Pacing;  C, A=Cooling, Amiodarone; P, A=Pacing, Amiodarone; C, P, A=
Cooling, Pacing, Amiodarone
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commonly observed following surgery for
atrioventricular septal defect repair (33%), tetralogy
of Fallot/double outlet right ventricle repair (30%),
total anomalous pulmonary venous return (25%),
and transposition of the great arteries (23%). An
interval between cardioplegia infusions of greater
than 27 minutes was associated with an increased
risk for JET (RR=3.4; CI=1.6-7.2). Predictably,
the use of hypothermia (≤ 25 ÌC) during surgery
was associated with an increased risk of post-
operative JET (RR=3.1; CI=1.31-7.3). Neither
anaesthetic factors, intra-operative steroids, surgical
approach, or warm reperfusion cardioplegia were
associated with JET. JET was associated with
longer bypass time (188 vs 122 minutes; p<0.0003)
and aortic cross-clamp time (94 vs 65 minutes;
p<0.0002); however, there was no difference in
circulatory arrest time between the groups.

JET was associated with a longer duration
of intubation (6 vs 1 days; p<0.0001); chest tube
drainage (5 vs 2 days; p<0.002); ICU stay (7 vs 2
days; p<0.0001); post-operative organ failure
(RR=5.1; CI=2.5-10.5);  and hospital stay (21 vs 8
days; p<0.0001).  Fifteen patients in the study cohort
died (5%) at a median of 30.6 days (intraoperatively-
8 months) after surgery.  JET was present in 7 of
these patients and was associated with an increased
risk for death (RR=6.9; CI=2.7-17.8).  Hemorrhage,
necrosis, or sutures within or closely applied to the
regions of the atrioventricular node, bundle of His,
or main bundle branches were found by gross and/
or microscopic examination in 4/5 of the patients
with JET who had autopsies.

Discussion

The true incidence of postoperative JET
is estimated to be between 1 and 22% after repair
of CHD(13,23). Although JET has been recognized
as a serious and potentially lethal post-operative
complication, relatively little is known about its
etiology. At least two factors appear to be necessary

for its occurrence. The first factor is çactivationé
of the nodal focus. The second is the neuro-humoral
environment, including factors such as the patientûs
age and inotrope use.  In the present series, a
number of previously identified risk factors were
shown to be associated with JET(4,11,16,19,25).  Despite
advances in surgical techniques and knowledge
of the disposition of the conduction system(26),
JET continues to be a significant contributor to
post-operative morbidity and mortality(4,11,19,25).
Medical therapies associated with JET can also
increase morbidity. Therefore, it is crucial to
document this arrhythmia prior to initiating
therapy.

Previous series do not comment specifically
about documentation of the arrhythmia and
diagnostic accuracy.  The ECG remains the modality
of choice for diagnosing arrhythmias.  The use of
a single rhythm strip has been popularized by the
use of sophisticated, multi-purpose monitoring
systems in the ICU. In the present series, the authors
were unable to retrieve 12-lead ECGs in the vast
majority of patients.  Predictably, there was a
discrepancy between the clinical diagnosis and
retrievable documentation in a significant number
of patients (15.8% or 9/57 patients) treated for
arrhythmias. Failure to make an accurate diagnosis
may negate the opportunity of using an alternate
treatment strategy, such as in the patient with atrial
flutter who might have had overdrive pacing to
terminate the arrhythmia.

With sophisticated imaging modalities,
the importance of the ECG is easily overlooked.
The emphasis in training programs is now on
radiofrequency ablation and device implantation.
As post-operative patients are typically the most
crticially ill patients the authors manage, there is
no room for diagnostic or treatment errors.
Therefore, it is important to continue to uphold the
importance of arrhythmia diagnosis, and the use of
wire and esophageal electrophysiology studies.
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Since reviewing the present results the authors have
adopted a more stringent protocol for both the
diagnosis and management of JET. To ensure an
accurate diagnosis a twelve lead ECG and wire
study are now performed.  Additional maneuvers
such as atrial or ventricular pacing examining
atrioventricular nodal conduction may be necessary
to render the wire study diagnostic.

Conclusion

The documentation of arrhythmias in the
ICU was largely limited to rhythm strips, with
very few 12-lead ECGs and wire studies performed
to assist the diagnosis. Although the diagnostic
accuracy, sensitivity, and specificity are high, our
data indicates that, in this critically-ill population,
there was an unacceptable number of patients with
post-operative arrhythmias may have been treated
inappropriately. When developing training standards
for pediatric cardiology and electrophysiology it
will be very important for those developing the
curriculum to emphasize the interpretation of wire
studies, an investigation normally done in a critical
care setting and whose interpretation is very
important to the accurate diagnosis of pediatric
arrhythmias

Limitations

The authors recognize that a retrospective
review does not take into account the discussions
that may have been part of the clinical management.
Some of the arrhythmia documentation done at the
bedside may not become part of the permanent
medical record. In the present review, the majority
of cases did not have sufficient retrievable
documentation. As well, the çgold standardé for
diagnosing an arrhythmia is an electrophysiology
study, however, this is neither feasible nor practical
for all post-operative pediatric patients with
arrhythmias.
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À≈—°∞“π°“√«‘π‘®©—¬¿“«–À—«„®‡µâπº‘¥®—ßÀ«– (Junctional Ectopic Tachycardia) ¿“¬À≈—ß

°“√ºà“µ—¥À—«„®™π‘¥‡ªî¥„π‡¥Á°

Õ—ß§≥“ ‡°àß °ÿ≈, ‡®¡ å æÕ∑ å, Õ¡√æ’∑ ·´π¥√Ÿ, ‰¡‡§‘≈ ·æ∑‡µÕ√å —π, Ÿ́‚√  ‡ Á́µ, ‡°√π ‡∑‡≈Õ√å,

 —æ∫“√å¬—π ´“ππ“∑“π’

«—µ∂ÿª√– ß§å: ‡æ◊ËÕ»÷°…“∂÷ßÀ≈—°∞“π (documentation) ∑“ß°“√·æ∑¬å∑’Ë‡À¡“– ¡¢Õß°“√«‘π‘®©—¬¿“«–À—«„®
‡µâπº‘¥®—ßÀ«– (Junctional ectopic tachycardia, JET) ·≈–§âπÀ“ªí®®—¬‡ ’Ë¬ßµàÕ°“√‡°‘¥¿“«–À—«„®‡µâπº‘¥
®—ßÀ«– ¿“¬À≈—ß°“√ºà“µ—¥À—«„®™π‘¥‡ªî¥„π‡¥Á° (open heart surgery)
«— ¥ÿ·≈–«‘∏’°“√: °“√»÷°…“·∫∫¬âÕπÀ≈—ß (retrospective study) „πºŸâªÉ«¬‡¥Á°∑—ÈßÀ¡¥®”π«π 277 √“¬∑’Ë‰¥â
√—∫°“√ºà“µ—¥À—«„®™π‘¥‡ªî¥ (Open heart surgery) „π‚√ßæ¬“∫“≈·¡à·≈–‡¥Á°∑’Ë British Columbia „π√–À«à“ß
«—π∑’Ë 1 ¡°√“§¡ æ.». 2543 - 31 ∏—π«“§¡ æ.». 2544 ‚¥¬°“√»÷°…“·≈–√«∫√«¡¢âÕ¡Ÿ≈®“°·øÑ¡∫—π∑÷°
ª√–«—µ‘ºŸâªÉ«¬„π·ºπ°‡«™√–‡∫’¬π „π¥â“πÕ“°“√∑“ß§≈‘π‘° ª√–«—µ‘·≈–¿“«–·∑√° ấÕπ¢Õß°“√ºà“µ—¥ ‚¥¬
¡ÿàß‡πâπ·≈–„Àâ§«“¡ ”§—≠µàÕ§«“¡∂Ÿ°µâÕß¢Õß°“√«‘π‘®©—¬°àÕπ°“√√—°…“ ·≈–ªí®®—¬‡ ’Ë¬ßµàÕ°“√‡°‘¥¿“«– JET
¿“¬À≈—ß°“√ºà“µ—¥ ‚¥¬¡’°“√∑∫∑«πÀ≈—°∞“π°“√«‘π‘®©—¬‚¥¬ºŸâ‡™’Ë¬«™“≠‡æ◊ËÕ√—∫√Õß§«“¡∂Ÿ°µâÕß¢Õß°“√«‘π‘®©—¬
º≈°“√»÷°…“: ∂÷ß·¡â«à“°“√«‘π‘®©—¬‚√§ JET ∑’Ë‡°‘¥¿“¬À≈—ß°“√ºà“µ—¥À—«„®„π‡¥Á°¡’§«“¡·¡àπ¬” (accuracy, 84%),
§«“¡‰« (sensitivity, 87%) ·≈–§«“¡‡©æ“–‡®“–®ß (specificity, 84%) ∑’Ë Ÿß ·µà°“√«‘π‘®©—¬ à«π„À≠à¬—ß
¢“¥°“√∫—π∑÷°À≈—°∞“π°“√«‘π‘®©—¬°àÕπ„Àâ°“√√—°…“∑’Ë∂Ÿ°µâÕß ‡π◊ËÕß¡“®“°§«“¡‡√àß¥à«π∑’Ë®–µâÕß∑”°“√√—°…“„Àâ
∑—π∑à«ß∑’ À≈—°∞“π à«π„À≠à®÷ß‡ªìπ°“√∫—π∑÷°°“√«‘π‘®©—¬¥â«¬ rhythm strips, ¡’®”π«ππâÕ¬∑’Ë®–¡’°“√∫—π∑÷°∑’Ë
 ¡∫Ÿ√≥å¥â«¬ 12-leads electrocardiogram À√◊Õ wire study electrocardiogram °àÕπ∑’Ë®–‰¥â√—∫°“√√—°…“
 √ÿª: ®“°°“√»÷°…“π’Èæ∫«à“¬—ß¡’ºŸâªÉ«¬Õ“°“√Àπ—°®”π«πÀπ÷Ëß∑’Ë‰¥â√—∫°“√√—°…“¿“«–À—«„®‡µâπº‘¥®—ßÀ«–¿“¬À≈—ß
°“√ºà“µ—¥À—«„®‚¥¬‰¡à¡’°“√∫—π∑÷°À≈—°∞“π¢Õß°“√«‘π‘®©—¬∑’Ë∂Ÿ°µâÕß ¥—ßπ—Èπ °“√µ√–Àπ—°∂÷ß§«“¡ ”§—≠¢Õß°“√¡’
À≈—°∞“π∫—π∑÷°·≈–°“√·ª≈º≈Õ¬à“ß∂Ÿ°µâÕß®“°°“√µ√«® wire study ·≈– 12-leads electrocardiogram
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