
 

 

저작자표시-비영리-변경금지 2.0 대한민국 

이용자는 아래의 조건을 따르는 경우에 한하여 자유롭게 

l 이 저작물을 복제, 배포, 전송, 전시, 공연 및 방송할 수 있습니다.  

다음과 같은 조건을 따라야 합니다: 

l 귀하는, 이 저작물의 재이용이나 배포의 경우, 이 저작물에 적용된 이용허락조건
을 명확하게 나타내어야 합니다.  

l 저작권자로부터 별도의 허가를 받으면 이러한 조건들은 적용되지 않습니다.  

저작권법에 따른 이용자의 권리는 위의 내용에 의하여 영향을 받지 않습니다. 

이것은 이용허락규약(Legal Code)을 이해하기 쉽게 요약한 것입니다.  

Disclaimer  

  

  

저작자표시. 귀하는 원저작자를 표시하여야 합니다. 

비영리. 귀하는 이 저작물을 영리 목적으로 이용할 수 없습니다. 

변경금지. 귀하는 이 저작물을 개작, 변형 또는 가공할 수 없습니다. 

http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/


 

 

 

의학석사 학위논문 

 

 

영구형 심장박동기를 삽입한 폰탄 환자의 

임상양상 및 예후인자 

Clinical characteristics and prognostic factors of 

patients with permanent pacemaker after Fontan 

operation 

 

 

 

 

울산대학교 대학원 

의 학 과 

신 혜 원



 

 

 

영구형 심장박동기를 삽입한 폰탄 환자의 

임상양상 및 예후인자 

 

지도교수 유 정 진 

 

 

이 논문을 의학석사 학위 논문으로 제출함 

2024년 4월 

 

 

 

울산대학교 대학원 

의 학 과 

신 혜 원



 

 

 

 

신혜원의 의학석사학위 논문을 인준함 

 

심사위원 백재숙 인 

심사위원 유정진 인 

심사위원 정의석 인 

 

 

 

 

 

 

 

울 산 대 학 교 대 학 원 

2024년 7월



I 

 

Abstract in English 

 

Background and Aims 

Permanent pacemaker (PPM) implantation has been identified as a risk factor for morbidity and 

mortality after Fontan operation. This study investigated the factors associated with outcomes in 

patients with Fontan physiology who underwent PPM implantation. 

 

Methods 

We retrospectively reviewed 508 patients who underwent Fontan surgery at Asan Medical Center 

between September 1992 and August 2022. Of these patients, 37 (7.3%) received PPM 

implantation. Five patients were excluded, leaving 32 patients, of whom 11 were categorized into 

the poor outcome group. Poor outcomes comprised death, heart transplantation, and “Fontan 

failure”.  

 

Results 

Clinical, Fontan procedure-related, and PPM-related factors were compared between the poor and 

good outcome groups. Ventricular morphology, Fontan procedure-associated factors, pacing 

mode, high ventricular pacing rate, and time from first arrhythmia to PPM implantation did not 

differ significantly between the 2 groups. However, the poor outcome group exhibited a 

significantly longer mean paced QRS duration (P=0.044). Receiver operating characteristic curve 

analysis revealed a paced QRS duration cut-off value of 153 ms with an area under the curve of 

0.73 (P=0.035). 



II 

 

 

Conclusions 

A longer paced QRS duration was associated with poor outcomes, indicating its potential to 

predict adverse outcomes among Fontan patients. 

 

Keywords  

Fontan; Paced QRS duration; Permanent pacemaker; Single ventricle 
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1. Introduction  

Patients with a single ventricle generally undergo staged operations, including neonatal palliative 

operation, bidirectional cavopulmonary shunt placement, and the Fontan procedure. Although the 

Fontan procedure significantly improves outcomes in these patients,(1–4) it can cause various 

problems, including rhythm abnormalities such as sinus node dysfunction, atrioventricular (AV) 

block, and atrial tachyarrhythmia. These rhythm abnormalities can stem from several factors, such 

as congenital abnormalities of the conduction system,(5) damage to the sinus node and 

conduction pathway after serial surgeries,(6) and increased right atrial pressure.(7) Depending on 

their symptoms, some patients with bradyarrhythmia may require permanent pacemaker (PPM) 

implantation. 

PPM implantation is required in 8–38% of Fontan patients and is a risk factor for post-Fontan 

morbidity and mortality. In recent studies, a higher ventricular pacing ratio, non-apical pacing, and 

a higher QRS z-score were identified as possible risk factors for mortality and heart 

transplantation in these patients.(8–13) In this study, we retrospectively analyzed Fontan patients 

who underwent PPM implantation at Asan Medical Center between September 1992 and August 

2022. Our objective was to investigate the pacemaker-related factors associated with poor 

outcomes among patients with Fontan physiology who underwent PPM implantation. 
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2. Materials and Methods  

2.1 Data sources 

We identified Fontan patients who underwent PPM implantation at Asan Medical Center between 

September 1992 and August 2022. The medical records were reviewed to extract data on sex; 

anatomical cardiac diagnosis; surgical procedure; surgical timing; pre- and post- Fontan 

hemodynamic data, including ventricular end-diastolic pressure, mean pulmonary arterial pressure 

(PAP), pulmonary vascular resistance index, AV valvar regurgitation, ventricular function and New 

York Heart Association (NYHA) functional class at follow-up; and electrocardiography (ECG) 

results, such as paced QRS duration. Systolic ventricular function was graded as preserved at a 

ventricular ejection fraction(EF) >50%, mild dysfunction at an EF of 40–49%, and moderate/severe 

dysfunction at an EF of <40%.(14–17) Cardiac catheterization was not routinely performed after 

the Fontan operation and post-Fontan hemodynamic data were collected for only 14 of 32 

patients. We further collected PPM-related data, including the primary indication for PPM 

implantation, age at implantation, timing of implantation, PPM type, and lower heart rate setting. 

The poor outcome variables included death, heart transplantation, or Fontan failure, including the 

requirement for heart transplantation, protein-losing enteropathy, plastic bronchitis, or NYHA 

Class III or IV at follow-up.(2,18,19) 

To ensure accuracy, we reviewed the most recently available data for each patient; for those who 

died, underwent heart transplantation, or received cardiac resynchronization therapy (CRT), we 

selected data recorded immediately before the corresponding event. 

 

2.2 Study design 

Based on their outcomes, patients were classified into good (Group I) and poor (Group II) 
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outcome groups. The poor outcome group comprised patients who died, required heart 

transplantation, or experienced “Fontan failure”; the good outcome group consisted of the 

remaining patients. 

 

2.3 Statistical analysis 

Statistical analyses were performed using SPSS Statistics for Windows version 27.0 (IBM Corp., 

Armonk, NY, USA) and R Studio version 4.2.3 (PBC, Boston, MA, USA). Data are presented as 

frequencies, the mean ± SD, or as the median with interquartile range. Intergroup comparisons 

were performed using the Mann–Whitney U test and Fisher’s exact probability test. Two-sided 

P<0.05 was considered significant. A receiver operating characteristic (ROC) curve analysis was 

performed to assess diagnostic accuracy and identify the optimal cut-off value. A Kaplan-Meier 

analysis was performed to compare the incidence of poor outcomes between patients with and 

without a prolonged paced QRS duration. The date of PPM implantation was considered time 

zero. 

All retrieved data were reviewed and analyzed. This study was approved by the Institutional 

Review Board of Asan Medical Center (No. 2022-1366), which waived the requirement for 

informed consent owing to the retrospective nature of the study.  
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3. Results 

3.1 Clinical Characteristics 

Overall, 508 patients with a single-ventricle heart underwent the Fontan procedure during the 

study period. During the follow-up period (16.8±9.1 years), 37 (7.3%) patients underwent PPM 

implantation. Of these patients, 5 were excluded from the present study because of loss to 

followup (n=3) or because they primarily received CRT (n=2; Figure 1). The baseline characteristics, 

factors associated with the Fontan operations and PPM implantation, and ECG findings for the 

remaining 32 patients are listed in Table 1.  

 

Figure 1 Study population 

Abbreviations: PPM, permanent pacemaker; CRT, cardiac resynchronization therapy 

Twenty-four of the 32 patients were male (75%). The most common anatomical diagnoses were 

double inlet left ventricle (n=7) and double outlet right ventricle (n=7). Most patients underwent 

the Fontan operation with an extracardiac conduit (EC; 24/32 [75%]); however, an intraatrial lateral 

tunnel was used in 4 patients, and an atriopulmonary connection was used in the remaining 4 
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patients. Seven of these 8 patients underwent a reoperation for conversion to EC. The median age 

at the Fontan operation was 42.5 months. Arrhythmia surgery was performed in 10 patients: 

before PPM implantation in 5 and after PPM implantation in 5. The most common indications for 

PPM implantation were high-degree or complete postoperative AV block (14/32 [43.8%]), sinus 

node dysfunction (12/32 [37.5%]), and congenital AV block (6/32 [18.8%]). 
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Table 1. Demographic characteristics 

Total  

 

 

n=32 

Group I  

(good 

outcome) 

n=21 (65.6%) 

Group II (poor 

outcome) 

n=11 (34.4%) 

p value 

Sex, n (%) 

Male 

Female 

 

24 (75.0%) 

8 (25.0%) 

 

17 

4 

 

7 

4 

0.397 

Anatomical diagnosis, n (%) 

DILV 

DORV 

RAI 

LAI 

ccTGA 

Ebstein anomaly 

PA/IVS 

d-TGA PA(PS) 

TA 

Criss-cross heart 

AVSD 

HLHS 

 

7 (21.9%) 

7 (21.9%) 

1 

3 

4 (12.5%) 

3 (9.4%) 

3 (9.4%) 

2 (6.3%) 

2 (6.3%) 

2 (6.3%) 

1 (3.1%) 

1 (3.1%) 

 

5 

6 

 

 

2 

1 

2 

1 

2 

1 

0 

1 

 

2 

1 

 

 

2 

2 

1 

1 

0 

1 

1 

0 

0.667 

Ventricular morphology, n (%) 

Dominant RV 

Dominant LV 

 

7 (21.9%) 

16 (50.0%) 

 

6 

10 

 

1 

6 

0.301 
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Intermediate 9 (28.1%) 5 4 

Mean age at Fontan, months 

Mean ± SD 

Median (range)  

 

48.7 ± 20.7 

42.5 (20-139) 

 

42.7 ± 11.3 

41.0 (20-68) 

 

60.0 ± 29.2 

42.5 (20-139) 

0.022 

Type of Fontan, n 

EC 

LT 

AP connection 

 

24 (75.0%) 

4 (12.5%) 

4 (12.5%) 

 

14 

3 

4 

 

10 

1 

0 

0.122 

Fenestration, n 7 (21.9%) 4 3 0.667 

Fontan conversion, n 7 (21.9%) 6 1 0.374 

Maze operation 

Before PPM insertion 

After PPM insertion 

 

5 (15.6%) 

5 (15.6%) 

 

3 

2 

 

2 

3 

0.223 

Pre-Fontan Hemodynamics 

Mean PAP (mmHg) (n = 27)  

VEDP (mmHg) (n = 27)  

PVR index (n = 16) (WU∙m2)  

Moderate to severe AVVR 

Ventricular function 

Preserved 

Mild dysfunction 

Moderate/severe dysfunction 

 

12.0 ± 3.9 

6.6 ± 3.6 

1.31 ± 0.7 

2 

 

28 (87.5%) 

2 (6.3%) 

2 (6.3%) 

 

10.6 ± 3.6 

5.9 ± 3.4 

1.1 ± 0.4 

1 

 

19 

2 

0 

 

14.3 ± 3.6 

7.9 ± 3.7 

1.6 ± 0.9 

1 

 

9 

0 

2 

 

0.015 

0.173 

0.261 

1.00 

0.178 

Post-Fontan Hemodynamics 

Mean PAP (mmHg) (n = 15)  

 

13.9 ± 3.4 

 

12.6 ± 2.3 

 

16.4 ± 4.2 

 

0.113 



 

8 

 

Abbreviations: DILV, double inlet left ventricle; DORV, double outlet right ventricle; RAI, right 

atrial isomerism; LAI, left atrial isomerism; ccTGA, congenitally corrected transposition of the 

great arteries, PA/IVS, pulmonary atresia with intact ventricular septum; dTGA, D-transposition 

of the great arteries; TA, tricuspid atresia; AVSD, atrioventricular septal defect; HLHS, hypoplastic 

left heart syndrome; LV, left ventricle; RV, right ventricle; EC, extracardiac conduit; LT, lateral 

tunnel; AP, atrio-pulmonary; SD, standard deviation; PAP, pulmonary artery pressure; VEDP, 

ventricular end-diastolic pressure; PVR, pulmonary vascular resistance; AVVR, atrioventricular 

valve regurgitation; PPM, permanent pacemaker 

 

VEDP (mmHg) (n = 14)  

PVR index (n = 9) (WU∙m2)  

Moderate to severe AVVR   

Ventricular function 

Preserved 

Mild dysfunction 

Moderate/severe dysfunction 

9.1 ± 2.4 

1.8 ± 1.1 

1 

 

22 (68.8%) 

5 (15.6%) 

5 (15.6%) 

8.6 ± 2.7 

1.6 ± 0.8 

0 

 

18 

2 

1 

10.2 ± 1.6 

2.3 ± 1.6 

1 

 

4 

3 

4 

0.236 

0.391 

0.344 

0.004 

 

 

 

Primary indication for PPM, n (%) 

Congenital AV block 

Postoperative AV block 

Sinus node dysfunction 

 

6 (18.8%) 

14 (43.8%) 

12 (37.5%) 

 

4 

7 

10 

 

2 

7 

2 

0.324 

Time from the first arrhythmia to PPM 

implantation, days 

Mean ± SD 

 

 

472.3 ± 

630.8 

 

 

437.5 ± 629.3 

 

 

538.6 ± 658.7 

0.674 



 

9 

 

3.2 Fontan Failure and Death or Requirement for Heart Transplantation 

Among the 32 patients with PPM, 11 (34.4%) exhibited a poor outcome (Group II). Among these 

patients, 6 (16.2%) died, 1 (2.7%) required heart transplantation, and 4 (12.5%) experienced Fontan 

failure. Of the 6 patients who died, the deaths of 2 were confirmed through the insurance system; 

however, the cause of death was unknown owing to a loss to follow-up. Another 2 patients died 

in the immediate postoperative period, and the remaining 2 patients died of multiorgan failure.  

 

3.3 PPM-Related Characteristics 

The PPM-related characteristics are summarized in Table 2. All PPM systems were epicardial. The 

mean age at PPM implantation was 7.4±7.5 years. The most common timing for PPM 

implantation was after the Fontan operation (15/32 [46.9%]). The mean interval from the first 

arrhythmia episode to PPM insertion was 15.1±20.7 months. The mean time that elapsed after the 

first PPM implantation was 108.1±67.4 months. The most commonly used PPM type was dual-

chamber (22/32 [68.8%]), followed by single chamber ventricular pacing (8/32 [25%]) and single-

chamber atrial pacing (2/32 [6.3%]). Twenty-one patients received high ventricular pacing for 

>50% of the time. The ventricular lead was located apically in 10 (31.3%) patients and non-

apically and 20 (62.5%). The mean PPM lower rate setting was 65.6±10.7 beats/min, whereas the 

mean paced QRS duration was 136.4±34.1 ms. 
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Table 2. Pacemaker-related characteristics  

Total  

 

 

n=32 

Group I  

(good 

outcome) 

n=21 (65.6%) 

Group II 

(poor outcome) 

n=11 (34.4%) 

p value 

Age at PPM implantation, years 

Mean ± SD 

Median (range) 

 

 

7.4 ± 7.5 

4.5 (0-24) 

 

 

8.5 ± 8.2 

9.0 (0-24) 

 

 

5.4 ± 5.8 

4.0 (0-20) 

0.224 

Timing of PPM implantation, n 

(%) 

Before 1st palliation op 

After 1st palliation op 

After BCPS 

After Fontan 

 

 

1 (3.1%) 

7 (21.9%) 

9 (28.1%) 

15 (46.9%) 

 

 

1 

6 

3 

11 

 

 

0 

1 

6 

4 

1.000 

Time from the first arrhythmia 

to PPM implantation, months 

Mean ± SD 

 

 

15.1 ± 20.7 

 

 

14.0 ± 20.7 

 

 

17.2 ± 21.5 

0.686 

PPM duration, months 

Mean ± SD 

 

108.1 ± 67.4 

 

123.4 ± 71.6 

 

79.0 ± 48.9 

0.076 

PPM system, n (%) 

DDD 

VVI 

AAI 

 

22 (68.8%) 

8 (25.0%) 

2 (6.3%) 

 

15 

4 

2 

 

7 

4 

0 

1.000 
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Ventricular lead position (n=30) 

Apical 

Non-apical  

 

 

10 (31.3%) 

20 (62.5%) 

 

 

8 

11 

 

 

2 

9 

0.246 

Paced QRS duration, ms 

Mean ± SD 

 

136.4 ± 34.1 

 

127.7 ± 28.8 

 

153.1 ± 38.6 

0.044 

Ventricular pacing >50%, n (%) 21 (65.6%) 12 9 0.248 

PPM lower rate setting, bpm 

Mean ± SD 

 

65.6 ± 10.7 

 

63.0 ± 9.1 

 

69.1 ± 12.2 

0.125 

Abbreviations: PPM, permanent pacemaker; SD, standard deviation; BCPS, bidirectional 

cavopulmonary shunt; ECG, electrocardiography; LBBB, left bundle branch block; RBBB, right 

bundle branch block.  

 

3.4 Predictors of Adverse Outcomes 

Among the demographic variables, intergroup differences were observed in age at Fontan 

operation, pre-Fontan mean PAP, and the presence of ventricular dysfunction after Fontan 

operation. The mean age at the Fontan operationwas older in Group II than in Group I (P=0.022). 

The pre-Fontan mean PAP was higher in Group II than in Group I (P=0.015). Ventricular 

dysfunction was more common in Group II (P=0.004). 

Among pacemaker-related variables, no intergroup differences were observed in PPM mode, 

ventricular lead position, or percentage of ventricular pacing. The only significantly different factor 

was mean paced QRS duration, which was wider in Group II than in Group I (153.1±38.6 vs. 

127.7±28.8 ms, respectively; P=0.044). 
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3.5 Outcomes According to Paced QRS Duration 

An ROC curve analysis was performed to determine whether paced QRS duration could predict a 

poor outcome. The area under the ROC curve was 0.73 (P=0.035). The optimal cut-off value was 

153 ms, with a sensitivity and specificity of 63.6% and 85.7%, respectively. When divided into 2 

groups based on paced QRS duration (≥153 and <153 ms), patients with a paced QRS duration of 

≥153 ms tended to have worse Fontan failure-free survival, although the difference was not 

statistically significant (Figure 2A; P=0.074). Moreover, mortality and transplant free survival rates 

were worse in the group with a paced QRS duration of ≥153 ms (Figure 2B; P=0.012). 
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Figure 2 Kaplan–Meier survival curve according to paced QRS duration (≥153 ms and <153 

ms). (A) Fontan failure- free survival (B) Death/Transplant- free survival 

Abbreviations: PPM, permanent pacemaker 
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4. Discussion 

This retrospective study analyzed the outcomes of Fontan patients who underwent PPM 

implantation; 34.4% of them experienced Fontan failure during follow-up. In our study, older age 

at Fontan completion, an elevated mean PAP, and ventricular dysfunction—the established risk 

factors associated with a poor outcome—differed significantly between the two outcome groups. 

Factors such as anatomical cardiac diagnosis and surgical procedure type did not differ 

significantly between groups. Among the PPM-associated factors, only paced QRS duration 

differed significantly (longer paced QRS duration in the poor outcome group).  

Previous studies identified certain PPM-associated risk factors in the Fontan population. A 

multicenter study of 236 patients with a single ventricular heart and PPM and their matched 

controls without PPM found that a higher ventricular pacing ratio, higher QRS z-score, and non-

apical lead position were associated with an increased risk of mortality and requirement for 

transplantation (13). Consistent with these findings, we also observed a longer mean paced QRS 

duration in the poor outcome group. It is unclear whether this longer paced QRS complex in the 

poor outcome group is solely attributable to ventricular dysfunction secondary to pacemaker-

associated ventricular dyssynchrony or if it is indicative of underlying ventricular dysfunction and 

remodeling resulting from other factors. Nevertheless, when Fontan patients with PPM have a 

prolonged paced QRS duration, further investigations and management (such as PPM 

modification or heart failure management) may be necessary. 

Theoretically, multi-site pacing may be more beneficial for the prevention and management of 

heart failure caused by ventricular dyssynchrony. While the effectiveness of CRT in patients with a 

single ventricle remains debatable (20, 21), Fontan patients treated with a conventional PPM and 

with a prolonged paced QRS duration may be candidates for CRT. 

We identified a cut-off value of 153 ms as indicative of a prolonged paced QRS duration in 
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Fontan patients. This value is closely aligned with the recommended criterion for CRT in 

individuals with a structurally normal heart. CRT is recommended for patients with ventricular 

dysfunction and a QRS duration of ≥150 ms (22). However, owing to the limited size of our 

cohort, future studies with larger sample sizes must validate our findings and establish a more 

definitive threshold for defining a long paced QRS duration in the single ventricle patient 

population. 

In addition, although not statistically significant, the Fontan failure-free survival rate according to 

paced QRS duration tended to be worse in the longer-paced QRS group (poor outcome group). 

This result was more pronounced for mortality and transplant-free survival (Figure 2). Previous 

studies of patients with heart failure and normally structured hearts observed an increasing 

divergence in outcomes over time between patients with a longer versus shorter QRS duration 

(23, 24). This suggests the presence of a cumulative effect over time. 

Finally, we found a relationship between high ventricular pacing and adverse outcomes. Several 

previous studies suggested that a high ventricular pacing is an adverse risk factor for long-term 

survival and ventricular function. In a study of a Fontan population using data from the Australia 

and New Zealand Fontan Registry, 126 patients underwent PPM implantation, and a higher risk of 

mortality or transplantation in the PPM group was confirmed using propensity score matching. 

Furthermore, ventricular pacing > 50% was associated with a high risk of late mortality or 

requirement for transplantation (8). Kodama et al. reported that higher proportions of ventricular 

and non-apical pacing were associated with poor outcomes (25). Similarly, a study of patients with 

a single ventricle who required chronic ventricular pacing found moderate to severe ventricular 

dysfunction and atrioventricular valve regurgitation on echocardiography along with an increased 

risk of mortality and transplantation compared to the control group (26).  

In our study, the mean ventricular pacing ratio did not differ significantly between the outcome 
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groups. The small size of our cohort may have limited the ability of our analysis to achieve 

statistical significance. Additionally, it is possible that other dominant factors contributing to the 

increased risk of adverse events in Fontan patients may have influenced this observation. 

Moreover, modifying risk factors, such as achieving a shorter paced QRS duration through optimal 

lead positioning, could potentially reduce the impact of high ventricular pacing on adverse 

outcomes. 

Our study had some limitations. First, it used a retrospective single-center design and had a small 

sample size. Second, it included patients with different observation periods, which made 

determining risk factors using survival analysis challenging. Furthermore, the study was difficult to 

standardize owing to heterogeneity in the patients’ ages, cardiac anatomy, and Fontan surgery-

related factors. Extracardiac status may also be a risk factor, but its impact did not seem 

significant. Two patients had epilepsy due to hypoxic–ischemic encephalopathy, while three 

patients had liver cirrhosis. However, none of the patients experienced renal failure. 

In this single-center cohort of Fontan patients with PPM, a prolonged paced QRS duration along 

with other known risk factors was associated with poor outcomes, including death, requirement 

for heart transplantation, and Fontan failure. These findings suggest that, when Fontan patients 

with PPM exhibit a prolonged paced QRS duration, hemodynamic evaluations and interventions 

(such as medication or PPM modification) may be necessary. 
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국문 요약 

 

배경 

폰탄 수술 후 영구형 심장박동기 삽입은 후유와 사망의 위험 요인으로 확인되었다. 본 연구는 

폰탄 수술을 시행한 환자들 중 심장박동기 삽입을 시행한 환자들의 예후에 영향을 미치는 요인을 

조사하였다. 

 

대상 및 방법 

1992년 9월부터 2022년 8월까지 서울아산병원에서 폰탄 수술을 받은 508명의 환자들을 

후향적으로 검토하였다. 이 중 37명(7.3%)이 심장박동기 삽입을 받았다. 이 중 5명의 환자는 

제외되어 32명이 남았으며, 그 중 11명이 불량 결과군으로 분류되었다. 불량 결과에는 사망, 심장 

이식, 그리고 폰탄 실패가 포함되었다. 임상적 특성, 폰탄 수술 관련 요인 및 심장박동기 관련 

요인들이 두 군 사이에서 비교되었다.  

 

결과 

주된 심실 형태, 폰탄 수술 관련 요인, 심장박동기 관련 요인, 그리고 첫 부정맥 발생 시부터 

심장박동기 삽입까지의 시간은 두 군 간에 유의한 차이를 보이지 않았다. 그러나 불량 결과군은 

유의하게 평균 QRS 시간이 더 길었다 (P=0.044). ROC 곡선 분석에서 QRS 시간의 컷오프 값은 

153ms이었고, AUC는 0.73 (P=0.035)이었다. 

 

결론 

더 긴 QRS 시간은 불량한 예후와 관련이 있었으며, 폰탄 환자의 결과를 예측하는 잠재적인 요인 

중 하나로써 평가할 수 있겠다. 
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중심단어 

폰탄, QRS 시간, 심장박동기, 소아 
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