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Objective: The aim of the present study was to explore the association between neonatal arrhythmia (NA) and mortality and recurrence.

Methods: A single-center, retrospective study was performed between January 1, 2015, and December 31, 2019. Neonates with NA were eligible and divided into either benign or non-benign groups. The primary outcomes were mortality and recurrence within 2 to 6 years.

Results: NA was diagnosed in 189 patients (0.39%) after screening 47,911 hospitalized neonates, and 10 of them did not finish the follow-up. Finally, 179 neonates were included into the final analysis (58 in the non-benign NA and 121 in the benign NA groups). The incidences of death and recurrence for NA were 5.59% (10/179) and 18.44% (33/179). Compared with neonates with benign NA, those neonates with non-benign NA were shown higher rates of death (13.79% vs. 1.65%; odds ratio [OR], 5.73; 95% confidence interval [CI], 1.07–31.01; p = 0.04) and recurrence (44.83% vs. 5.79%; OR, 8.49; 95% CI, 3.12–23.08; p < 0.001).

Conclusions: Neonates with non-benign NA were shown higher rates of death and recurrence when compared with benign NA. Because of high recurrence, more attention was needed in neonates with non-benign NA after discharge.
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INTRODUCTION

Neonatal arrhythmia (NA) is a rare but often severe disorder that typically injures the cardiac conduction path (1–4). The incidence of NA has been estimated between 1% and 10% in all newborns (4–6). The clinical presentations of NA are variable, including asymptomatic and symptomatic with or without congestive heart failure and cardiogenic shock. Most patients present good recovery without sequelae. Some subtypes of NA need long-term antiarrhythmic therapy, especially tachyarrhythmias. Approximately 10% of patients may die due to congestive heart failure (7, 8).

In the past, several studies have been enforced to assess the association between arrhythmia and mortality and recurrence in newborn infants, and the results were inconsistent. Binnetoglu et al. (9) performed a retrospective study in 66 newborns with arrhythmia in a tertiary care hospital, and the results showed that the two most common NAs were supraventricular ectopic beats (39.39%) and supraventricular tachycardia (SVT) (22.72%). Five patients (33.33%) with SVT had a recurrence after the neonatal period, and it persisted beyond the age of 1 year in two patients, and four patients died in the newborn period for other reasons, such as respiratory problems, metabolic disease, and sepsis. Isik et al. (10) also retrospectively analyzed 17 newborns with arrhythmia; the results reported that benign arrhythmias disappeared in the first month of life, and all of the patients with SVT required antiarrhythmic maintenance therapy without recurrence during hospitalization, and one of the patients with SVT died due to chronic lung disease in the second month of life. In the two studies above, no patients died of arrhythmia. In contrast, a retrospective observational study demonstrated that non-benign NA could cause hemodynamic imbalance and increase the risk of death, and the mortality rate was 23.64%, with the ages ranging from 1 to 90 days in the neonatal intensive care unit (NICU) (11).

To date, rare studies reported the association between NA and mortality and recurrence. Therefore, the aim of the present study was to assess the association between NA during the neonatal period and mortality and recurrence in the long-term follow-up.



MATERIALS AND METHODS


Study Design

Neonatal clinical data were retrospectively collected in the tertiary NICU of Children's Hospital of Chongqing Medical University, China, from January 1, 2015, to December 31, 2019. The study was approved by the ethics committee of Children's Hospital of Chongqing Medical University (file no. 2019-195) and registered at ClinicalTrials.Gov (NCT04899596) (registration on May 21, 2021; registration name: High Risk Factor, Clinical Feature, and Follow up of Neonatal Arrhythmia). The trial was performed in accordance with the approved guidelines.



Inclusion and Exclusion Criteria


Inclusion Criteria

Included neonates simultaneously met the following two conditions: (1) occurrence of NA within 28 days of life; (2) abnormal 12-lead electrocardiography (ECG) and/or abnormal 24-h Holter ECG.



Exclusion Criteria

If neonates met one of the following two conditions, they should be excluded: (1) major non-cardiac congenital anomalies, including esophageal atresia, annular pancreas, congenital megacolon, congenital anorectal malformations, pulmonary sequestration, congenital bronchogenic cyst of the lung, congenital pulmonary hypoplasia, congenital hydrocephalus, congenital tonsillar hernia deformity, and palatoschisis; (2) chromosomal abnormalities.




Primary and Secondary Outcomes

The primary outcomes were death and recurrence from birth to August 15–31, 2021. Recurrence was defined as arrhythmia recurrence after discharge. The secondary outcomes were antiarrhythmic therapy, including adenosine triphosphate (0.20–0.40 mg/kg per time, intravenous injection), propafenone (1.00–1.50 mg/kg per time, intravenous injection), metoprolol (1.00–2.00 mg/kg per day, two times a day, oral administration), sotalol (4.00–6.00 mg/kg per day, two times a day, oral administration), propranolol (2.00–4.00 mg/kg per day, two times a day, oral administration), cedilanid (30.00 μg/kg, intravenous injection), Digoxin (10.00 μg/kg per day, per 12 h, oral administration), benazepril (0.10–0.30 mg/kg per day, once a day, oral administration), lidocaine (1.00 mg/kg per time, intravenous injection), and verapamil (0.10–0.20 mg/kg per time, intravenous injection). Combined use of antiarrhythmic drug was defined as a patient receiving antiarrhythmic treatment with equal to or more than two drugs.



Termination of the Study

The study would end if one of the following conditions was reached: (1) death within August 15–31, 2021; (2) parents' decision not to continue participation.



Data Collection and Follow-Up

The medical records for all enrolled newborn infants were collected into a database according to the protocol. We also investigated the usefulness of antiarrhythmic therapy, death, and recurrence by telephone on August 15–31, 2021.



Key Definition

NAs were classified as either benign or non-benign. Benign arrhythmias included sinus arrhythmia, premature atrial contraction (PAC), premature ventricular contraction (PVC), first-degree atrioventricular (AV) block, and junctional arrhythmia. Nonbenign arrhythmias included SVT, ventricular tachycardia (VT), atrial flutter (AFL), ventricular fibrillation, second- or third-degree (or complete) AV block, and genetic arrhythmias such as congenital long-QT syndrome (2, 11).

SVT was the most common type of non-benign NA, defined as tachycardia resulting from an abnormal mechanism involving heart structures proximal to the bifurcation of the bundle of His; usually, the frequency was unvarying, and more than 230 beats/min with an abnormal P-wave axis on the surface ECG. Other types of NA were detailed in the references (1–4, 12, 13).

Other definitions were as follows: congenital heart disease (CHD) included atrial septal defect, patent ductus arteriosus, ventricular septal defect, complete transposition of the great artery, and coarctation of the aorta. Oligoamnios and hydramnios were defined as 5 cm or less and 18 cm or more of amniotic fluid index (14). The diagnoses of sepsis, cardiac damage, heart failure, hemodynamic instability, and shock were based on consensus and guidelines (15–17).



Sample Size Estimation

The sample size estimation was calculated using PASS v8.0.3 (NCCS, USA). According to previous studies; the mortality in both groups was ~9.7 and 0.3%, respectively. A plausible estimate of the coincidence rate in both groups was 2%. With 80% power and a 2-sided significance level of 0.05, 56 infants would be needed at least in each group.



Statistical Analysis

Quantitative variables were first checked for normality using Kolmogorov–Smirnov test; results are presented as mean ± standard deviation and compared using two-tailed Student t test if the variable was normally distributed and homoscedastic, or median (interquartile range) and compared with Mann-Whitney U test if the variable were not normally distributed or not homoscedastic. Qualitative variables were present as numbers and compared using the χ2 test or the Fisher test.

The epidemiological data of the enrolled neonates differing between the two groups with a p < 0.20 at the univariate analysis would be included in a stepwise multivariate logistic regression model to identify independent risk factors associated with death and recurrence. The probability of stepwise was 0.05 for entry and 0.10 for removal. Model goodness-of-fit would be evaluated with Hosmer–Lemeshow test (p > 0.05). We used SPSS v16.0 (SPSS Inc., USA) for statistical analysis. For all analyses, p < 0.05 was regarded as significant.




RESULTS

From January 1, 2015, to December 31, 2019, NA was diagnosed in 189 patients (0.39%) after screening 47,911 hospitalized neonates. In the telephone follow-up, the median duration of follow-up was 39 months (33–50 months), with 27 months of minimum and 80 months of maximum. Ten neonates were lost to follow-up. Finally, 179 neonates finished the trial (58 in the non-benign arrhythmia group and 121 in the benign arrhythmia group) and were included in the final analysis (Figure 1). Among the 179 patients, 10 (5.59%) died, and 33 (18.44%) had a recurrence, respectively.
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FIGURE 1. Flow diagram.


Three main non-benign arrhythmia and benign arrhythmia were 68.97% of SVT (40/58), 17.24% of AFL (10/58), and 6.9% of second-degree AV block (4/58) and 52.07% of sinus arrhythmia (63/121), 46.28% of premature contraction (56/121), and 0.83% of first-degree AV block or junctional arrhythmia (1/121), respectively. The baseline characteristics of neonates with NA are presented in Table 1.


Table 1. The baseline characteristics of neonates with arrhythmia.
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Primary Outcomes

In the univariate analysis, compared with the benign arrhythmia group, the non-benign arrhythmia group had lower gestational age (GA) (p < 0.05), more cesarean section (p < 0.05), more mechanic ventilation (p < 0.05), more death (p < 0.05), more recurrence (p < 0.05), and higher incidence of heart failure (p < 0.05), shock (p < 0.05), and hemodynamic instability (p < 0.05).

Compared with the benign arrhythmia group, the non-benign arrhythmia group had a higher incidence of hyperkalemia (25.86% vs. 12.4%; 95% confidence interval [CI], 1.11–5.48; p = 0.02). No difference in electrolyte disturbance was shown between the two groups (p > 0.05).

There were 145 term and 34 preterm infants (1 of <28 weeks' GA, 28 weeks' GA ≤ 1 <32 weeks' GA, 32 weeks' GA ≤ 4 <34 weeks' GA, 28 of ≥34 weeks' GA). Compared with the benign arrhythmia group, the non-benign arrhythmia group showed a higher incidence of preterm (p < 0.05).

In the multivariate logistic regression model, non-benign arrhythmia (p < 0.05) and cardiac failure (p < 0.05) were the independent risk factors for mortality, and non-benign arrhythmia (p < 0.05) and hemodynamic instability (p < 0.05) were independent risk factors for recurrence (Table 2).


Table 2. Independent risk factors using binary logistic analysis.
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Antiarrhythmic Therapy and Follow-Up

Forty-four patients of non-benign NA and four of benign NA received antiarrhythmic therapy and are summarized in Table 3. Antiarrhythmic therapy was performed in 44 (75.86%) of the non-benign NA group. The other 14 did not receive antiarrhythmic therapy, including four patients with second-degree AV block, three patients with AFL (all of whom presented a short duration of attack and stopped spontaneously without recurrence), seven patients with SVT (four patients presented a short duration of attack and stopped after stimulation, three patients whose parents gave up treatment because of other diseases and died). Four patients of benign NA received antiarrhythmic therapy, including one patient with junctional arrhythmia (who was treated with propafenone and propranolol and had a recurrence once after discharge, and the patient took propafenone once and metoprolol for 6 months), two patients with PAC (one patient was treated with metoprolol; another one was treated with cedilanid), and one patient with PVC (who was treated with metoprolol). The other 117 in the benign NA group did not receive antiarrhythmic therapy and also presented good recovery.


Table 3. Antiarrhythmic therapy and follow-up.
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Ten patients died (5.59% [10/179]), including seven patients with SVT (three of complex CHD, two of septic shock, two of arrhythmia), one patient with AFL due to respiratory failure, and two patients with sinus arrhythmia (one of respiratory failure, one of complex CHD).




DISCUSSION

In this single-center, retrospective study, the aim of the present study was to explore the association between arrhythmia during the neonatal period and mortality and recurrence within 39 months of median follow-up. As a result, we found, compared with neonates with benign arrhythmia, those neonates with non-benign arrhythmia showed higher rates of mortality (13.79% vs. 1.65%, odds ratio [OR]: 5.73; 95% CI, 1.07–31.01; p = 0.04) and recurrence (44.83% vs. 5.79%; OR, 8.49; 95% CI, 3.12–23.08; p < 0.001). Our results indicated that more attention was needed in neonates with non-benign NA after discharge due to the high recurrence rate.

To date, several studies have investigated the relationships between NA and mortality and recurrence, and the results were inconsistent. The study by Binnetoglu et al. (9) reported the recurrence of NA was 7.58% (5/66), and four patients died due to sepsis, respiratory problem, and metabolic disease. Kundak et al. (11) also performed a retrospective observational study, and the result showed that the mortality rate within 3 months was 23.63% (13/55). In the study by Gilljam et al. (8), 109 patients were retrospectively reviewed, and the result showed the mortality was 6.42% (7/109), and the rate of recurrence was 11.93% (13/109), where seven patients died due to heart failure, premature, structural heart disease, and pulmonary vascular disease. Moura et al. (5) performed a retrospective analysis of clinical files in 26 neonates with arrhythmia, and the result showed that one patient died due to cerebral hemorrhage, and two patients presented an episode of SVT after treatment withdrawal. The studies referring to associations between NA and death and recurrence are summarized in Table 4. In the present study, 10 patients died (5.59%), including 8 patients of the non-benign NA group (2 of septic shock, 2 of SVT, 3 of complicated CHD, 1 of respiratory diseases) and two patients of the benign NA group (1 of respiratory disease, 1 of complicated CHD), and the incidence of recurrence was 18.44% (33/179).


Table 4. Summary of other NA study referring to the main results.
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NA was mainly presented in term infants. Badrawi et al. (6) performed a prospective observational study in 457 neonates, and the result showed that there was no NA that occurred in preterm infants with GA <32 weeks, whereas 75% of NAs occurred in infants with GA at more than 37 weeks. The study presented by Binnetoglu et al. (9) showed that 55 patients (83.33%) were term, 11 patients (16.67%) were preterm, and 22 patients (33.33%) were diagnosed in the prenatal period. In the present study, NA was more common in term infants, with an incidence of 81.01% (145/179). Our results were compatible with the literature (6, 9).

Electrolyte disturbances can affect the self-discipline, excitability, and conductivity of cardiac muscle cells, leading to NA (23). Kundak et al. (11) performed a retrospective observational study, and the result showed that 16 patients were complicated by electrolyte disorder, including nine cases of hyperkalemia (56.25%). In the study reported by Shortland et al. (24), hyperkalemia was associated with a high incidence of cardiac arrhythmia (60%). In the present study, the most common electrolyte disorder was hyperkalemia, which was mainly presented in patients with non-benign NA. Otherwise, in the present study, a 27 weeks' GA case presented SVT, septic shock, and hyperkalemia during hospitalization. Ultimately, the SVT stopped after antishock and correction of hyperkalemia, without recurrence of NA.

Benign NA usually presented rare clinical symptoms or recurrence or death. Nagashima et al. (25) reported that an incidence of PAC was 50.79% (32/63) in normal newborn infants, and it disappeared in the first few days without recurrence. In the present study, the incidence of PAC was 0.08% (38/47199). Otherwise, we also observed that 96.69% (117/121) of benign NAs did not require special treatment. Four cases of benign NA received antiarrhythmic therapy, including three premature contraction and one junctional arrhythmia. The patient with junctional arrhythmia had a recurrence once after discharge at 1 year old, and metoprolol was used for 6 months and then stopped.

Nonbenign NA needed active treatment because it could easily lead to hemodynamic instability and even life-threatening (26). The study by Binnetoglu et al. (9) demonstrated that the most common arrhythmias were supraventricular ectopic beats and SVT at 39.39 and 22.72%, respectively. SVT recurred in five patients after the neonatal period. Gilljam et al. (8) retrospectively reviewed 109 patients with SVT, and the result showed that the rate of freedom from arrhythmia, antiarrhythmic medication, or late recurrence of arrhythmia was 52% at 1 year. Our results were compatible with the literature (8, 9). In the present study, SVT was the most frequently observed type of non-benign NA (68.97%). Among 40 patients with SVT, 33 received antiarrhythmic therapy, and the recurrence rate was 50% at 1 year. Adenosine was the first choice for treating SVT, and the mechanism of action was related to AV node block (27). To prevent SVT recurrence, antiarrhythmic prophylaxis was recommended during the first year of life (2, 3).

AFL presents excellent long-term prognoses if actively treated. The study reported by Casey et al. (20) in 25 neonates with AFL showed that 84% of patients (21/25) received antiarrhythmic therapy, including digoxin and electrical cardioversion, without recurrence during long-term follow-up (median, 23 months). In the present study, 70% of patients (7/10) with AFL received antiarrhythmic therapy, nine survived during follow-up, and one died because of respiratory failure.

VT is rare in newborns, and death is also rare after active treatment of the primary disease. The study by Davis et al. (21) in 40 infants and young children with VT indicated that the most common causes were cardiomyopathy or myocarditis. Singh et al. (28) reported an extremely low birth weight neonate developing VT following hyperkalemia, and no recurrence was shown after treatment with lidocaine. In the present study, VT was presented in three patients induced by cardiomyopathy, severe electrolyte disturbance, and CHD. Of them, two patients received antiarrhythmic therapy, and one patient received electrical defibrillation.

Complete AV block induced by severe bradycardia could lead to low cardiac output and heart failure (9). Complete AV block in a normal structural heart might occur in infants born to mothers with connective tissue disorders such as systemic lupus erythematosus (2). A retrospective, multicenter study of 175 patients (22) indicated that AV block was associated with maternal anti-Sjögren syndrome antigen antibodies. In the present study, four infants presented second-degree AV block. But all of them did not receive treatment. Otherwise, one patient with a normal-structure heart was born to a mother with antinuclear/anti-double-stranded deoxyribonucleic acid antibodies.

The major limitations of the present study were as follows: (1) relatively small sample size in a single-center study, and (2) retrospective study might underestimate the incidence of NA, and mild and/or transient NA may not be recorded. These limitations might induce potential bias, including restricted application scope. These problems could be overcome in additional studies. Given the potential limitations, more trials are needed in the future.



CONCLUSION

In summary, compared with neonates with benign arrhythmia, those neonates with non-benign arrhythmia showed higher rates of death and recurrence. In future studies, because of the high recurrence rate, more attention is needed in neonates with non-benign NA after discharge.
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premature atrial contraction.
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Variables Total (n = 179)

Variables of neonates

GA, weeks 39.29 (37.71-40.00)
Birth weight, kg 3.20 (2.86-3.50)
Preterm (yes), % 34/(19.00)
Male (yes), % 107 (69.78)
Asphyxia (yes), % 16(8.94)
Fetal arthythmias (yes), % 8 (4.47)
Electrolyte disturbance (yes), % 48 (26.82)
Hypoglycemia (yes), % 12 (6.70)
EOS (yes), % 22 (12.29)
Cardiac damage (yes), % 97 (54.19)
Heart faiure (yes), % 8 (4.47)
Hermodynamic instabilty (yes), % 23 (12.85)
Shock (yes), % 6(3.35)
CHD (yes), % 137 (76.59)
Abnormal CM (yes), % 8(4.47)
Mechanic ventilation (ves), % 8 (4.47)
Variables of mother

GHT (yes), % 52.79)
GDM (yes), % 23(12.85)
Oligoamnios (yes), % 14(7.82)
Hydramnios (yes), % 6(3.35)
Maternal age, years 27.99+4.79
Cesarean (yes), % 107 (59.78)
Variables of outcomes

Death (yes), % 10(5.59)
Recurrence (yes), % 33 (18.44)

NBA (n = 58)

38,14 (35.86-39.71)
3.12 (2.50-3.50)
20 (34.48)
35 (60.34)
8(13.79)
4(6.90)

19 (32.76)
5(8.62)
11(18.97)
32(65.17)
7(12.07)

21 (36.21)
5(862)

49 (84.48)
3(.17)
8(18.79)

2(3.45)
9(15.52)
5(8.62)
1(1.72)
28.16 + 4.31
44 (75.86)

8(13.79)
26 (44.89)

BA (n = 121)

39.43 (38.43-40.14)
3.23(2.92-3.50)
14 (11.57)

72 (59.50)
8(661)
4331)
29(28.97)
76.79)
11(0.09)

65 (53.72)
1(0.83)
2(1.65)
1(0.83)
88(72.78)
5(4.13)
0(0.00)

3(2.48)
14(11.57)
9 (7.44)
5(4.18)
27.91 £5.01
63 (52.07)

2(1.65)
7(6.79)

OR/MD (95% Cl)

4.02 (1.85-8.75)
1.04 (0.55-1.96)
2.26/(0.80-6.36)
2.17 (0.62-8.99)
1.55 (0.78-3.08)
1,54 (0.47-5.07)
2.34(0.95-5.77)
1.06 (0.57-1.99)

16.47 (1.98-137.32)

33.77 (7.56-150.83)

1132 (1.29-99.27)
2.04(0.90-4.62)
1.31(0.30-6.70)
1.16 (1.05-1.29)

1.41(0.23-8.65)
1.40 (0.57-3.46)
1.17 (0.38-3.68)
0.41(0.05-3.57)
0.77 (-127-1.76)
2.89(1.44-5.82)

952 (1.95-46.42)
13.23 (5.26-83.27)

p Value

<0.001
0.18
<0.001
0.92
0.12
0.48
021
0.70
0.06
0.86
0.003
<0.001
0.02
0.08
1.00
<0.001

1.00
0.46
1.00
0.69
0.76
0.002

0.003
<0.001

NBA, non-benign arhythmia; BA, benign arhythmia; GA, gestational age; GHT, gestational hypertension; GDM, gestational diabetes melitus; EOS, early-onset sepsis; CHD, congenital
heart disease; CM, cardiac markers; OR, odds ratio; MD, mean difference; Cl, confidence interval.
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