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Abstract

Background

Supraventricular tachycardia (SVT) was occasionally seen in early postoperative

period, but its significance, treatment, and clinical course were not clear. We aimed to

clarify its natural history and clinical outcome, and to identify the risk factors.

Methods

Patients with congenital heart disease (CHD) and received CHD surgery in

National Taiwan University Hospital between 2010/1 and 2015/12 were enrolled. We

performed retrospective medical records review focusing on patients’ characteristics,

previous bypass surgery and SVT history, perioperative hemodynamic condition and

length of hospital stay. SVT types, treatment response and outcome were collected.

The definition of SVT includes atrial arrhythmia and paroxysmal supraventricular

tachycardia. Early postoperative period was defined as the time during postoperative

ICU stay.

Results

Of 1404 CHD patients who received 1650 CHD surgeries, 32 patients developed

SVT after 33 surgeries (incidence 2.0%). Patients with heterotaxy syndrome and

transposition of great arteries (TGA) had highest incidence (9.7% and 6.6%). Among

the 32 patients with postoperative SVT, 24 (75%) belonged to cyanotic cardiac
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anomalies, 10 (30%) patients had at least two times cardiac surgery history, and 7

(22%) patients had previous SVT history. The preoperative condition was

hemodynamically unstable in 16 patients (50%) with 2 required extracorporeal

membranous oxygenator support after surgery. SVT history before surgery (OR: 16.8,

95% CI: 4.7-53.8) and cyanotic cardiac anomaly (OR: 3.1, 95% CI: 1.4-7.8),

especially heterotaxy syndrome (OR: 6.9, 95% CI: 2.0-25.3) and TGA (OR: 3.7, 95%

Cl: 1.0-13.9), were independent risk factors of development of SVT during the early

postoperative stage. The SVT was controlled by single dose intravenous adenosine in

7, and intravenous amiodarone in 22. Four patients needed direct current

cardioversion due to critical hemodynamics. Patients with postoperative SVT had

significantly longer hospital stay than those without SVT (median 27 vs. 21 days,

p=0.002), but the perioperative mortality did not increase (6.3% vs. 6.0%).

Maintenance oral antiarrhythmic agents were needed in 31 of 32 patients. Median

treatment duration was 137 days (range 7-881 days), and the medication could be

discontinued in 19 (56%) patients with only one recurrence (5.3%).

Conclusion

Early postoperative SVT is not uncommon in CHD surgery. Patients with SVT

history and complex cyanotic CHD were risk factors for SVT. Postoperative SVT may

compromise hemodynamics, but after medical control, associated morbidity and

Vi
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mortality were low.

Keywords: congenital heart disease, supraventricular tachycardia, atrial arrhythmia,

paroxysmal supraventricular tachycardia, cardiac surgery, postoperative complications
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ok Pl A O RORARM S LT kg S AR B 4 b
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+ ~ Summary

6.1 Background

In patients with congenital heart disease (CHD), atrial arrhythmia mostly associated

with underlying hemodynamic condition and cardiac surgery related factors. The

lifelong prevalence of atrial arrhythmia in CHD patients was around 20%, usually

increased with age. Certain cardiac structural anomalies may be associated with

accessory atrioventricular conductions, and paroxysmal supraventricular tachycardia

(PSVT) could be induced in postoperative stage. Late supraventricular arrhythmia in

repaired congenital heart disease patients carries an unfavorable long-term outcome. It

can cause heart failure or cardiogenic shock, depressed ventricular function, or stasis

of atrial flow and thrombus formation. Therefore, the frequency of hospitalization and

even mortality rate increase in those with associated supraventricular tachycardia.

However, the influence of supraventricular tachycardia in early postoperative stage

was still unclear.

One small cohort study showed that the incidence of supraventricular tachycardia

in postoperative stage was around 3.7%. The risk factors of postoperative arrhythmia

were young age, low bodyweight, complicated surgical procedure, prolonged

cardiopulmonary bypass time and cross clamp time. Occurrence of arrhythmia in

postoperative stage was related to prolonged ICU stay and ventilator use, also
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increased mortality up to 9.3%. However, the characteristic of the study population of

this early report was different from current surgical strategies. The finding of high

perioperative mortality rate is not consistent with our clinical experience.

The pathophysiology of postoperative supraventricular tachycardia was a

complex electromechanical problem. The mechanism is related to CHD structural

associated conduction abnormality, postoperative pressure or volume overload,

persistent residual lesions, surgical injuries to conduction system and myocardium,

metabolic and electrolytes disturbance, and increased adrenergic tone in response to

surgical stress or inotropic agent use.

6.2 Objectives

First, understand the incidence, natural history and risk factors of SVT in early

post-op stage for CHD surgery. Second, analyze the outcome, treatment and its

association with perioperative morbidity in CHD patients.

6.3 Hypotheses

There were 3 hypotheses of our study. First, postoperative SVT may be

associated with underlying CHD and previous operation. Second, postoperative SVT

incidence may be increased by perioperative hemodynamic factors. Third, under
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effective management, SVT may not increase postoperative morbidity and mortality.

6.4 Methods

We retrospectively reviewed the medical records of congenital heart disease

patients who received congenital heart disease surgeries in NTUH during January

2010 to December 2015. The definition of early postoperative stage was the time of

ICU stay after congenital heart disease surgery. The supraventricular tachycardia

included atrial tachycardia, atrial flutter, atrial fibrillation, multifocal atrial

tachycardia and paroxysmal supraventricular tachycardia. The diagnosis of congenital

heart disease could be grossly classified as acyanotic and cyanotic congenital heart

disease. We sub-classified the cyanotic congenital diseases in to 5 categories:

tetralogy of Fallot, transposition of great arteries, heterotaxy syndrome, patients who

received single ventricle repair surgeries, and other types of congenital heart diseases.

6.5 Results

There were 1404 patients with congenital heart disease received congenital heart

disease surgeries in NTUH during 2010 to 2015. Their median age was 0.56 years old,

58.2% were male, and 2.4% had history of supraventricular tachycardia before this

surgery. Cyanotic congenital heart disease accounted for 50.9% patients, and half of
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them were tetralogy of Fallot. The patients received average 0.5 times of congenital

heart disease surgeries before this surgery. Among them, 97.6% congenital heart

disease surgeries were under cardiopulmonary bypass.

Totally 1650 surgeries were performed in these 1404 CHD patients; 32 patients

who received 33 surgeries developed SVT in early postoperative stage. The incidence

of early postoperative SVT is 2.3%. The age of patients with postoperative SVT

ranged from 0 to 17.5 years old. 72% were younger than 3 years old. The most

common type of SVT was atrial tachycardia 56%, followed by PSVT 28%. Mean

atrial rate was 278 +/- 93.8 bpm, and mean ventricular rate was 197 +/- 40 bpm. The

incidence of SVT in different CHD categories varied a lot. Heterotaxy syndrome had

highest incidence (9.7%), followed by TGA (6.6%). The univariate and multivariate

analysis showed that previous SVT history and complex cyanotic CHD, especially

heterotaxy syndrome and TGA, were independent risk factors of early postoperative

SVT. Other characteristic, including age, gender, previous surgery times, and bypass

surgery this time, had no significant influence.

The perioperative hemodynamic condition of patients with postoperative SVT

was relatively unstable. Half of them received emergent surgeries due to critical

preoperative condition, and 6% needed ECMO support after surgery. Median length

of ICU stay was 22 days. All SVT could be controlled by acute treatment: 22%
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patients received adenosine, 68% used intravenous amiodarone, and 30% needed

amiodarone for more than one day. Still 13% received DC cardioversion due to

critical hemodynamic condition or limited response to medication treatment. The

length of postoperative hospital stay of patients with SVT was significantly longer

than that of patients without SVT (median 27 vs. 21 days). The perioperative

mortality was similar in patients with and without SVT (6.0 vs. 6.3%). All except one

patients received maintenance oral antiarrhythmic agents, and 11 of them need 2 or

more Kinds of oral agents. Oral medication could be discontinued in 19 (59%) patients

with only one recurrence. The median oral medication treatment duration was 137

days. Two patients, with diagnosis of RAI and other single ventricle, received ablation

to control SVT.

6.6 Discussion

To our knowledge, the current study is the largest cohort study of early

postoperative SVT in CHD patients. The distribution of CHD categories was similar

to the current trend of CHD surgery. The incidence of early postoperative SVT was

low, but varied greatly with CHD categories. Overall incidence was 2.3%, and but up

t0 9.7% and 6.6% in heterotaxy syndrome and TGA. Univariate and multivariate

analysis revealed that previous SVT history and complex cyanotic CHD, especially
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heterotaxy syndrome and TGA, were independent risk factors of early postoperative

SVT. The majority of heterodoxy syndrome in Taiwan was right atrial isomerism

(RAI), which was commonly associated with conduction system abnormality,

especially twin atrioventricular nodes. Due to the structural predisposition, SVT

occurred more easily after cardiac surgeries. TGA often presented with hypoxia and

shock soon after birth, and needed emergent surgery in the first few days of life. The

mainstream of surgical procedure was arterial switch operative, which involved

re-implantation of coronary arteries. The critical hemodynamic condition, young age

and low body weight, and possibly hypoxic injuries of myocardium after coronary

artery manipulation, might induce SVT in the early postoperative period. Previous

SVT history was an independent risk factor of postoperative SVT, but seldom

mentioned in the past studies. Based on the possible pathophysiology of postoperative

SVT, complex cyanotic CHD patients could possess multiple risk factors of recurrent

SVT, including congenital structural abnormality, repetitive surgical interventions,

residual pressure or volume overload, preoperative critical hemodynamics,

complicated surgical procedures and prolonged bypass time. Surgical manipulation,

peri-operative hemodynamic change and postoperative inotropic agents use might

induce the recurrence of SVT.

The response to anti-arrhythmic treatment and short-term surgical outcome were

26

doi: 10.6342/NTU201803166



generally good in patients with postoperative SVT. In our study, all except one

patients needed long term oral anti-arrhythmic agents after acute management.

Among them, 60% could discontinue oral agents within 6 months. A few patients

need radiofrequency ablation or long-term oral anti-arrhythmic medications control.

Comparing with those without SVT, patients with postoperative SVT were not related

to increased surgical morbidity or mortality.

6.7 Conclusions

In conclusion, the incidence of early postoperative SVT was around 2.3%.

Patients with previous SVT history and complex cyanotic CHD were risk factors.

Postoperative SVT might increase length of hospital stay, but responded well to

antiarrhythmic treatment, and did not pose increased risk of morbidity and mortality.

The short-term postoperative outcome was good. Most patients with postoperative

SVT needed maintenance oral agents, and 60% could discontinue oral medication in 6

months.
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Demographics

CHD patients, n=1404

(range or %o)

Male
Median age (yr)

SVT History

CHD category
Acyanotic
Cyanotic
TOF
TGA
Heterotaxy
Single ventricle

Other cyanotic CHD

Surgery
Mean previous OP times

Current OP with Bypass

818 (58.2)

0.56 (0-48.2)

34 (2.4)

663 (47.2)
714 (50.9)
348 (25.0)
75 (5.3)
71(5.1)
113 (8.1)

134 (9.5)

0.5 (0 6)

1371 (97.6)
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No SVT, n=1372 SVT, n=32 p value
(range or %) (range or %)
Demographics
Median age (year) 0.56 (0 —48.2) 0.37 (0-17.5) 0.40
Male 796 (58.0) 22 (68.8) 0.20
SVT History 27 (2.0) 7 (21.9) <0.01
Diagnosis
Acyanotics 655 (47.7) 8 (25.0) 0.01
Cyanotic 717 (52.3) 24 (75.0) 0.01
TOF 343 (25.0) 5 (15.6) 0.22
TGA 70 (5.1) 5 (15.6) 0.01
Heterotaxy 64 (4.7) 7 (21.9) <0.01
Single ventricle 110 (8.0) 3(9.9) 0.78
Other cyanotic CHD 130 (9.5) 4 (12.5) 0.56
Surgery
Ave. previous OP times 0.45 (0-6) 0.56 (0-3) 0.5-0.4
Current OP with Bypass 1339 (97.6) 32 (100)
33
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Rz RERFICERAER I RAL
Univariate Multivariate
Risk factor OR 95% ClI OR 95% ClI
Age 1.0 0.9-1.1
Male 1.6 0.8-3.5
SVT History 13.9 5.2-33.7 154 5.2-42.6
Previous CHD surgery 1.1 0.8-15
times
Diagnosis
Acyanotic 0.8 0.3-2.8
Cyanotic 2.7 1.3-6.6 3.1 1.4-7.8
TOF - -
TGA 4.9 1.3-18.0 3.7 1.0-13.9
Heterotaxy 7.5 2.3-26.0 6.9 2.0-25.3
Single 1.9 0.4-7.7
Other cyanotics 2.1 0.5-8.1
34
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Characterisitics Patient number (%)

Perioperative course
Pre-op unstable 16 (50%)
Post-op ECMO 2 (6%)

Median ICU stay days (range) 22 (3-263)

Acute treatment

Adenosine 7 (22%)

Amiodarone < 1day 12 (38%)
> 1 days 10 (30%)

DC cardioversion 4 (13%)

27 B AW

No SVT SVT p value

(1372 patients, 1617 surgeries) (32 patients, 33 surgeries)

Median hospital stay 21 (1-953) 27 (9-278) 0.002
of CHD surgery (days)
Perioperative mortality 82 (6.0%) 2 (6.3%) 0.9

of CHD patients (%)

35
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Characterisitics Patient number (%)

Long-term treatment

Oral agents 31 (97%)
> 2 agents 11 (34%)
Class Il 12 (38%)

DC medication 19 (59%)

Median medication use days (range) 137 (7-881)

Catheter ablation 2 (6%)*

Outcome

Recurrent 1 (3%)

Depressed ventricular function 0

Mortality 3 (9%)
Infection 2 (6%)

Cardiogenic shock (non-SVT related) 1 (3%)

* ZurA W A R+ 5o (right atrial isomerism) 4 4 R b R AER > &
A Segk B ”%I}iﬁ B H - RS A situs inversus, atrioventricular discordance,

double outlet right ventricle, pulmonary atresia) % # < % #5 %%
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Study time
Study patients
number

Age

Acyanotic CHD
Cyanotic CHD

SV

TGA

TOF
Monitoring
duration
Monitoring

methods

SVT incidence

Rekawek (2007)
Jan. 2005-Dec. 2005

402

Mean 29.5 months old
SD +/- 46.8

249 (61.9%)*

153 (38.1%)

27 (6.7%)

17 (4.2%)

34 (8.5%)

Post-op ICU stay

continuous EKG

monitor

3.7% (15 / 402)

Pfammatter (2001)
Jul. 1996—-Mar. 2000

310

2 days—15.4 years old

<1 yl/o: 102 (32%)

208 (67.1%)

102 (32.9%)

12 (3.9%)

17 (5.5%)

46 (14.8%) ***

from post-op ICU

admission to discharge

(1) continuous EKG
monitor

(2) 12-lead EKG at
pre-op and before
discharge

(3) 24hr Holter EKG
before discharge

2.9% (9 / 310)

37

Wu (2018)
Jan. 2010-Dec. 2015

1404

Median 0.56(0-48.2) y/o
< 1yl/o: 60%

663 (47.2%)

714 (50.9%)

184 (13.1%) **

75 (5.3%)

348 (25.0%)

Post-op ICU stay

(1) Continuous EKG

monitor

(2) 12-lead EKG as

needed

2.3% (32 / 1404)
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SVT type *
PSVT
AFL

Afib

Risk factors

Surgical
morbidity and
mortality

Use of long-term
antiarrhythmic
agents
Treatment

duration

1

(others not specified)

(of post-op arrhythmia)

® |ower age

® Lower body weight

® Higher surgical
complexity

® Longer bypass time

® | onger cross-clamp

time

Higher (9.26 vs. 2.6%)
(with / without
arrhythmia)

Not mentioned

Not mentioned

(of post-op arrhythmia)

® Infants

® Cyanotic CHD

® Prolonged bypass
time

® Higher post-op max
troponin level

® Hemodynamic
significant residual
findings

No mortality related to

SVT

33% (3/9)

< 3 months

9

5 (AFL-Afib)

(of post-op SVT)
® Cyanotic CHD
® TGA

® Heterotaxy

® History of SVT

Similar (6.3% vs. 6.0)

(with / without SV'T)

96.9% (31/32)

60% discontinued within

6 months

* The number of patients received surgical procedures for acyanotic and cyanotic

CHD
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** Include heterotaxy and other single ventricle
*** Include TOF and pulmonary atresia
* PSVT: paroxysmal supraventricular tachycardia, or atrioventricular reciprocating

tachycardia; AFL.: atrial flutter; Afib: atrial fibrillation
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Great Arteries
- Regurgitation

Sinus Node
« Dysfunction

« Reimplantation

Coronary Arteries
« Injury

Atriotomy
« Scar—reentrant + AV block
arrhythmia circuit

(IART)

AV Node

» Swelling / Injury
—Complete Heart Block
—Junctional Ectopic Tachycardia

Ventricular Abnormalities

- Ventriculotomy

+ Dyssynchrony

- Scar—reentrant arrhythmia circuit
(VT)

Medications
Electrolytes disturbance

Repolarization abnormalities

Systemic illness

FAH XA : (Avilaetal, 2014)
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1404 patients received
1650 surgeries

1566 bypass surgeries 84 non-bypass surgeries
No SVTin Pran oV No SVTin
33 bypass surgery

1533 bypass surgery Non-bypass surgery

32 patients

AR 1404 ik X M RO R TS b v AR A 55 2.3% 5 £ 7 1650

= A= ']i:uﬂﬁs}?aijn“f’ Lkt H g b gAER 2 F A K5 2.0% -

Age distribution of SVT patients (n=32)
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Antiarrhythmic Agents Use
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