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Abstract: Background: Previous studies from high altitudes have reported significantly higher prevalence of congenital heart disease (CHD), consisting almost solely of simple CHD. Little is known about the occurrence of complex CHD. Neonates with complex CHD are likely admitted to NICU. We examined the prevalence and spectrum of complex CHD in NICU in order to depict a truer picture of CHD at high altitude. Methods: We reviewed charts of 4,214 neonates admitted to NICU in Qinghai province (average altitude 3,000 m). Echocardiography was performed in 1,943 babies when CHD was suspected based on clinical examinations. Results: CHD was diagnosed in 1,093 (56.3% of echoed babies). Mild CHD in 96.8% (1058 babies). Moderate CHD in 0.8% (9) included 1 (0.1%) large secundum atrial septal defect, 3 (0.3%) moderate pulmonary stenosis, 2 (0.2%) aortic stenosis and 3 (0.3%) partial anomalous pulmonary venous connection. Severe CHD in 2.4% (26) included 6 (0.5%) complete atrioventricular septal defect, 5 (0.5%) complete transposition of the great arteries, 5 (0.5%) hypoplastic right heart, 3 (0.3%) hypoplastic left heart, 3 (0.3%) double outlet right ventricle, 3 (0.3%) tetralogy of Fallot, 2 (0.2%) truncus arteriosus, 2 (0.2%) total anomalous pulmonary venous connection, 2 (0.2%) severe aortic stenosis, 2 (0.2%) interrupted aortic arch and 2 (0.2%) severe pulmonary stenosis and 1 (0.1%) single-ventricle abnormality. At two-years follow-up in 737 (67.4%) patients, 18 (90%) with severe CHD and 38 (5.3%) with mild and moderate CHD died, and 15 underwent cardiac surgery with 1 early death. Conclusions: At high altitude, a wide spectrum of CHD exists, with many heretofore unreported complex CHD. There is urgent need for routine echocardiography and early interventions in newborns particularly in NICU.
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1  Introduction

The prevalence of congenital heart disease (CHD), according to data from low altitude regions, ranges between 4 and 10 of every 1,000 live birth, with severe CHD in 15 to 25%, which requires early interventions in the first year of life [1,2]. At high altitude, the prevalence of CHD is substantially higher. Almost all the CHDs previously reported are the simple forms with left to right shunt, with the predominance of secundum atrial septal defect (ASD) and patent ductus arteriosus (PDA). Notably, most of the previous studies were conducted in children older than 2 years of age [3–8]. Children with complex and severe CHD may most likely have died at younger age. This problem was partly overcome in our previous study using echocardiography screening for CHD in newborns in Qinghai province (average altitude 3,000 m) [7]. The study screened 1,002 consecutive asymptomatic babies and a small number of sick babies admitted to the NICU before the screening (n = 335). Only two severe CHD were found (one had the anomalous right superior pulmonary venous return to the right atrium and left inferior pulmonary venous stenosis; the other had complete transposition of the great arteries). Both died during the stay in the NICU. There was only one more study paid attention to critically ill in a small group of children (n = 383), and some more types of complex CHD were found (e.g., tetralogy of Fallot, double outlet right ventricle, etc.) with the incidence of 5.2% [5]. There were also other mild and moderate forms of CHD, including tricuspid, aortic and pulmonary valve abnormalities, etc. As such, the prevalence and spectrum of moderate and severe CHD at high altitudes remains largely unknown. Since neonates with moderate and severe CHD are likely to be admitted to the NICU, we, in the present study, retrospectively examined a larger population of NICU admissions in a period of two years in order to depict a truer picture of the prevalence and spectrum of CHD, with focus on moderate and severe CHD at high altitude.

2  Methods

2.1 Study Population

The retrospective study was conducted in the NICU of Women and Children’s Hospital in Xining (2,260 meters), Qinghai province (average altitude 3,000 meters). All the patients admitted in 2015 and 2016 for any critical illness were included in the study. Their clinical charts were reviewed.

2.2 Demographic and Clinical Data

Demographic and clinical data included sex, gestation age, birth weight, admission age, mother’s age, ethnic, altitude of residence and discharge diagnosis (Tab. 1). According to the history of migrating to the plateau, ethnic was ordered as following: Tibetans, Hui, Salar and some other minorities such as Tu and Mongolian migrated, and Han [7].

2.3 Echocardiographic Diagnosis

Neonatologists carried out the initial clinical examination. The presence of an abnormal heart murmur, cyanosis, tachypnoea, feeding difficulty and other features of congestive cardiac failure were considered as positive clinical findings suggestive of CHD [9,10]. Suspected cases of CHD were further examined using transthoracic echocardiography. Two-dimensional imaging and color Doppler were performed by one technician, using a Hewlett-Packard-8500 ultrasound system equipped with a 2.5 MHz transthoracic transducer (Andover, MA, U.S.A.). CHD was classified into mild, moderate and severe types as proposed by Hoffman et al. [1].

2.4 Follow-Up

Phone call follow-up was made in CHD patients in 2018 when the study was conducted in order to obtain the outcome data.

2.5 Statistical Analysis

The patients’ demographics were analyzed using descriptive statistics. Birth weight range was classified into very or extremely low birth weight (<1,500 g), low birth weight (<2,500 g), normal birth weight (2,500–4,000 g) and macrosomia (≥4,000 g). The ethnic was classified according to historic order of migration. Altitude was divided according to altitude medicine classification whereby altitude ≥2,500 is considered to have medical significance. These variables were numbered 0, 1, or/and 2, respectively (Tab. 1). Differences in proportions between each demographic parameter and the presence of CHD were examined with Chi-square test. When the expected value in any of the tests was less than 5, the Fisher exact test was used. A 2-way analysis was performed in all comparisons. The Bonferroni modification was applied, and the alpha level and p values were corrected accordingly. The level of significance was set at 0.05. Data were analyzed using SPSS Statistics for Windows version 20.0 (Armonk, NY: IBM Corp., 2011).

Table 1: Number and frequency distribution (%) of CHD diagnosed by echocardiography across the demographic variables in 1943 neonates suspected of CHD based on clinical examinations in the NICU
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3  Results

There were 4,214 NICU admissions in the two-year study period, primarily due to pneumonia (62.6%), asphyxia (13.2%) and hyperbilirubinemia (7.3%), none to cardiac malformations. Echocardiography was performed in 1,943 babies (46.1%) and CHD was diagnosed in 1,093 babies (56.3% of 1,943 echoed babies) (Tab. 2). Thus, the prevalence of CHD in the entire NICU population was estimated as 26%.

Among the 1,093 CHD babies, mild CHD accounted for 96.8% (1,058 cases), moderate CHD 0.8% (9 cases), and severe CHD 2.4% (26 cases). The distribution of CHD is shown in Tab. 2. The size of ASD was 3.0 ± 1.2 mm, PDA 2.4 ± 0.8 mm, VSD 4.3 ± 2.4 mm.

The prevalence of CHD in Hui was significantly higher than that in Han and Tibetan (p = 0.011 and 0.013, respectively), whereas there was no statistical difference between the Han and the Tibetans (p = 0.727). The prevalence of CHD in females was significantly higher than that in males (p = 0.003). No correlation was found between the prevalence and forms of CHD and gestation age, birth weight and altitudes (p > 0.1 for all) (Tab. 1).

At 2–3 years after the NICU discharge, phone call follow-up was made in total 737 patients (67.4%). Among them, 57 cases died and 680 cases survived. The survival rates of Tibetan, Hui, Salar and others and Han were 90.9%, 83.1% and 86.0%. No correlation was found for the survival of CHD babies between different ethnics (p > 0.05). Among 737 patients, including 717 patients with mild and moderate CHD in whom 38 (5.3%) died within 2–3 years of age; and 20 patients with severe CHD in whom 18 (90%) died within 2 months of age. Fifteen patients underwent cardiac surgery (3 patients with VSD, 4 with ASD, 1 with PDA, 3 with ASD and VSD, 1 with PDA and ASD, 1 with truncus arteriosus, ASD and VSD and 1 with complete transposition of the great arteries, ASD and PDA, 1 total anomalous pulmonary venous connection). The patient with anomalous pulmonary venous connection died early after operation, others survived and healthy.

Table 2: Frequency distribution of different forms of CHD in 1093 patients diagnosed by echocardiography
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4  Discussion

The present study examined the occurrence of complex CHD in the largest cohort in the NICU at high altitude. Since newborns with moderate or severe CHD are prone to have other serious illness and admitted to the NICU and subsequently die at young age at high altitude before the screening age in most of the previous studies, our data reveals a truer picture of CHD with the widest spectrum of moderate and severe types to date, in addition to the simple CHD as previously reported [3–8].

It has been well documented that the prevalence CHD is substantially higher at high altitude, consisting predominately of ASD and PDA. This figure is incomplete, largely resulted from the limitations of previous study design. All of them were conducted in children older than 2 years of age [3–6,8] except for ours [7]. In our previous study, we screened newborns for CHD used echocardiography also in Qinghai province (average altitude 3,000 m) including asymptomatic babies and a small number of 335 sick babies admitted to the NICU before the screening in 3–5 days after birth. Only 2 severe CHD patients (one had the anomalous right superior pulmonary venous return to the right atrium and left inferior pulmonary venous stenosis; another had complete transposition of the great arteries) were found, and both died during the stay in the NICU [7]. This does not represent our clinical observations at high altitude.

The occurrence of moderate and severe CHD at high altitude has been scarcely reported. The only series, to our knowledge, was reported by Zheng et al from a small number of children including critically ill in Tibet [5]. They found 5.2% patients with severe CHD (20 out of 383 CHD patients), including complete atrioventricular septal defect, severe pulmonary stenosis with ASD, coarctation of the aorta with VSD, tetralogy of Fallot, pulmonary atresia with VSD, hypoplastic right heart with partial anomalous pulmonary venous connection or Ebstein’s anomaly, double outlet right ventricle [5]. The incidence of severe CHD was lower as compared to that (13.7%) from low altitude 1,000–2,000 m in Yunnan province, which was attributed to the older age at screening (4–17 years) [5].

In our present study in the NICU population, more types of severe CHD were found including complete transposition of the great arteries, tetralogy of Fallot, double outlet right ventricle, complete atrioventricular septal defect, truncus arteriosus, total anomalous pulmonary venous connection, hypoplastic left heart, hypoplastic right heart with tricuspid atresia, pulmonary atresia with intact ventricular septum and Ebstein’s amonaly, interrupted aortic arch, single-ventricle abnormality, severe aortic or pulmonary stenosis. We also found more types of mild and moderate CHD, including large ASD, mild or moderate pulmonic stenosis, aortic stenosis, bicuspid aortic valve, mild pulmonary vein stenosis, partial anomalous pulmonary venous connection and persistent left superior vena cava. As such, this is the widest spectrum to date, consisting almost all types of severe, moderate and mild CHD described by Hoffman et al. [1].

In Zheng et al’s data, right ventricular outflow obstruction, e.g., tetralogy of Fallot, severe pulmonary valvular stenosis and pulmonary artery atresia, was more common than left heart obstructive lesions, e.g., aortic stenosis and coarctation of the aorta. They considered it consistent with the reports demonstrating more pulmonary outflow obstructions and fewer left ventricular outflow tract obstructions in Asian or Chinese populations [11,12]. This difference was not clearly shown in our data, which might be attributable to the particular NICU setting where patients were admitted duo to critical illness other than cardiac malformations.

According to data from low altitude regions, severe CHD occurs in about 15%–25% of all types of CHD [1,2]. A study from the NICU in plain area also using echocardiography screening for CHD found a higher prevalence of CHD of 1.5%, compromising 31% of severe CHD [13]. At high altitude, the substantially high prevalence of ASD and PDA makes the proportion of severe CHD much less, being 4% or 5% even when critically ill patients are included as in our present study and Zheng et al’s [5]. Recent studies report that the prevalence of complex and severe CHD has decreased over time as a result of implementation of fetal echocardiography and pregnancy termination by intervention [2,14,15]. Although fetal echocardiography screening has been carried out in large-scales in plateau provincial capitals, such as Xining of Qinghai Province, only a very small portion have received fetal screening in surrounding regions. In our cohort, about 70% patients did not have fetal echocardiography.

The strikingly high incidence of ASD and PDA has been strongly suggested due to a postnatal (i.e., altitude hypoxia) rather than a fetal teratogenic mechanism [3]. The wide spectrum of moderate and severe CHD as seen in the plain regions appears less likely due to the environmental factors related to altitude hypoxia than that of genetics. However, the etiology of CHD is complex involving genetic heterogeneity and environment interactions. The adaptation/maladaptation in CHD development at high altitude remains to be explored.

Death resulting from CHDs still remains the most common cause of infant mortality from birth defects [16]. This is particularly so at high altitude. In our patients, despite early diagnosis, 90% of severe CHD have died within 2 months after NICU discharge, and 5.3% with mild and moderate CHD died within 2–3 years old. Only 15 patients underwent cardiac surgery with one early death, and other patients survived. Despite fast development, the health concept and medical resources for the interventional and surgical treatment of CHD remain limited at high altitude worldwide.

5  Limitations

Our study is subject to a number of limitations due to its retrospective nature. (1) Echocardiography was required only when CHD was suspected. As a result, more than half of the NICU babies did not have echocardiography. The incidence of CHD in the entire NICU was an estimate. (2) The hospital is in area where the main habitats are Hui, which may explain the higher incidence of CHD in Hui as compared to Han and Tibetans. This finding is different from our previous study screening the asymptomatic newborns showing the higher incidence of CHD in Han with the shortest period since migrating to high altitude as compared to Hui et al. [7]. (3) Recruitment protocol for echocardiography in the NICU is center-specific. It is possible that differences in recruitment may have introduced some selection bias. (4) Although the largest cohort with the widest spectrum of CHD, the distribution of the CHD types may not represent the figure at high altitude, not even in Qinghai province as the sample size is still fairly small for this matter. (5) Follow-up was not routinely made but only when the study was conducted at 2–3 years after their NICU discharge. As a result, only 67% cases were successfully followed up by phone call. (6) The study did not emphasize the impact of fetal echocardiography on the prevalence of major CHD. About 70% of the population did not have prenatal ultrasound screening. Any study on prevalence rate model comparing high- with low-altitude sites must consider these demographic and practice differences as potential confounding variables.

6  Conclusions

In the NICU population at high altitude, a wide spectrum of CHD exists, consisting of many heretofore unreported moderate and severe types of CHD. Data from our present study combined with our previous newborn screening using echocardiography provides a truer picture of the CHD occurrence at high altitude. Given the high prevalence and mortality, there is urgent need for the implementation of routine echocardiography in newborns particularly in those admitted to the NICU as well as early interventions to treat CHD at high altitude.
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Spectrum of disease Number Percent (%)
Mild CHD

ASD 582 53.2
PDA 227 20.7
VSD 20 1.8
Multiple defects with left to right shunt 263 24.1
ASD and PDA 204 18.7
ASD and VSD 38 3.5
PDA and VSD 5 0.5
ASD and PDA and VSD 16 1.5
Bicuspid aortic valve 1 0.1
mild pulmonary stenosis 4 0.4
mild pulmonary vein stenosis 1 0.1
persistent left superior vena cava 1 0.1
Moderate CHD
large ASD 1 0.1
moderate pulmonary stenosis 3 0.3
Aortic stenosis 2 0.2
PAPVC 3 0.3
Severe CHD
Cyanotic heart disease
Complete TGA 5 0.5
TOF 3 0.3
Truncus arteriosus 2 0.2
TAPVC 2 0.2
Hypoplastic right heart 5 0.5
Tricuspid atresia 1 0.1
Pulmonary atresia with intact ventricular septum 1 0.1
Ebstein’s anomaly 3 0.3
Hypoplastic left heart 3 0.3
Aortic atresia 1 0,1
Mitral atresia 2 0.2
DORV 3 0.3
Single-ventricle abnormality 1 0.1
Interrupted aortic arch 2 0.2
Acyanotic heart disease
Complete AVSD 6 0.5
Severe aortic stenosis 2 0.2
Severe pulmonary stenosis 2 0.2

Note: ASD, atrial septal defect; AVSD, atrioventricular septal defect; CHD, congenital heart disease; DORV, double outlet right ventricle; PAPVC,
partial anomalous pulmonary venous connection; PDA, patent ductus arteriosus; TAPVC, total anomalous pulmonary venous connection; TOF,
tetralogy of Fallot; TGA, transposition of the great arteries; VSD, ventricular septal defect.

Because some infants had more than one independent CHD, the sum of individual CHD numbers is greater than the total CHD numbers.
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Demographic Number ASD PDA VSD Multiple  Moderate Total CHD

Variables and severe CHD
Sex
Males 1220 (62.8) 348 (28.5) 144 (11.8) 12 (1.0) 151 (12.4) 18 (1.5) 655 (53.7)*
Females 723 (37.2) 235(32.5) 83 (11.5) 8 (lL.1) 112(15.5) 8(L.1) 438 (60.6)*
Gestation age (weeks)
24-37 501 (25.8) 147 (29.3) 64 (12.8) 4(0.8) 59 (11.8) 1(0.2) 274 (54.7)
37-42 1385 (71.3) 419 (30.3) 162 (11.7) 16 (1.2) 194 (13.9) 25 (1.8) 791 (57.1)
42-43 16 (0.8) 3(18.8) 1(6.3) 0 5313) 0 9 (56.3)
Birth weight
900-1500 38 (2.0) 9(23.1H) 7079 0 6(154) 0 22 (57.9)
1500-2500 477 (24.5) 134 (28.2) 59 (124) 4(0.8) 70(14.7) 4(0.8) 267 (56.8)
2500-4000 1173 (60.4) 365 (31.1) 133 (11.3) 11 (0.9) 151 (12.9) 17 (1.4) 660 (57.7)
4000-5800 63 (3.2) 18 (28.6) 10(15.9) 1(1.6) 12(19.0) 2(3.2) 41 (68.3)
Admission age
<24 h 74 (3.8) 18 (24.3) 13 (17.6) 1(1.4) 15(203) 1(1.4 48 (64.9)
24-48 h 967 (49.8) 269 (27.8) 152 (15.7) 7 (0.7) 159 (16.4) 12 (1.2) 592 (61.2)
48-72 h 109 (5.6) 29 (26.6) 14 (12.8) O 18 (16.5) 2 (1.8) 62 (56.9)
=72 h 793 (40.8) 259(32.7) 46(5.8) 11(14) 70(8.8) 11 (1.4) 391 (49.3)
Ethnic
Han 945 (48.6) 280 (29.6) 102 (10.8) 6 (0.6) 128 (13.5) 11 (1.2) 516 (54.6)*
Hui, Salar and others 541 (27.8) 164 (30.3) 76 (14.0) 7 (1.3) 85(15.7) 10(L.8) 332 (61.4)*
Tibetan 457 (23.5) 139(304) 49 (10.7) 7(L.5) 50(10.9) 5(1.1) 245 (53.6)*
Altitude (m)
<2500 948 (48.8) 281 (29.6) 109 (11.5) 9(0.9) 132 (13.9) 11 (1.2) 531 (56.0)
>2500 995 (51.2) 302 (30.4) 118 (11.9) 11 (1.1) 131 (13.2) 15(1.5) 562 (56.5)

Note: ASD, atrial septal defect; CHD, congenital heart disease; PDA, patent ductus arteriosus; VSD, ventricular septal defect.
Value number of Gestation age missing was 41, of birth weight 192, of mother’s age was 9, newborn sex was 9.
*: 1 < 0.05 for Chi-square tests.





