h The Open Access
N Publisher

JOURNAL OF CARDIOLOGY AND

| issv |EEEIE] CARDIOVASCULAR MEDICINE

Research Article

Diagnosis of critical congenital heart
defects in Iceland 2000-2014

Hallfridur Kristinsdottir’, Pordur borkelsson'?, Hildur
Hardardéttir'2 and Gylfi Oskarsson'2*

"University of Iceland, Iceland
2Children’s Hospital, Landspitali University Hospital, Reykjavik, Iceland
3Department of Obstetrics and Gynecology, Landspitali University Hospital, Reykjavik, Iceland

Abstract

Critical congenital heart defects (CCHDs) are preferably diagnosed prenatally or soon after
birth. Late diagnosis has been related to poorer prognosis. The aim of this study is to assess
when CCHDs are diagnosed in Iceland and whether late diagnosis is a problem. All live born
children in Iceland and foetuses diagnosed with CCHDs during the years 2000-2014 were
included. CCHD was defined as a defect requiring intervention or causing death in the first year
of life, or leading to abortion.

The total number of pre- and postnatal diagnosis of CCHDs was 188. Prenatal diagnosis
was made in 69 of 188 (36.7%). Of 69 diagnosed prenatally 33 were terminated due to CCHD.
Of the 155 live born children with CCHD, 36 (23.2%) had a prenatal diagnosis and 100 (64.5%)
were diagnosed shortly after birth, before discharge from birth facility. 19 children (12.3%) were
diagnosed late, that is after discharge from birth facility. Coarctation of the aorta was the most
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common CCHD diagnosed late (6/19).

Prenatal screening and newborn examination give good results in diagnosis of CCHDs in
Iceland. Late diagnosis are relatively few, but both the number of prenatally diagnosed CCHDs

and CCHDs diagnosed shortly after birth can be further improved.

Introduction

The incidence of congenital heart defects in total is around
1%-1.7% [1-3]. About 10% of heart defects are critical,
sometimes immediately life-threatening, and require early
intervention (1-2.6 per 1000 live births) [4-8]. Early diagnosis
of critical congenital heart defects (CCHDs), preferably
prenatally or soon after birth, relates to a better outcome
regarding survival and general prognosis [9-12].

Recent studies have shown that high proportion (13-30%)
of CCHDs is diagnosed late, that is after discharge from birth
facility [5-8,13,14]. The defects that are most often missed are
left outflow tract obstructions (LOTOs), such as coarctation
of the aorta (CoA) [7,8,14]. In response, many countries have
implemented new methods to detect heart defects in newborn
screening programmes. Routine pulse oximetry (POX)
combined with physical examination is the most popular and
most studied method, showing increased sensitivity and good
specificity in diagnosis of CCHDs [4,15-18]. Still, POX also
commonly misses LOTOs, for example CoA [4,15]. Newborn
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screening in Iceland includes a physical examination before
discharge from birth facility, and a repeated physical
examination at the age of 5 days. POX had not been introduced
as a part of newborn screening during the study period. The
aim of this study is to asses when CCHDs are diagnosed in
Iceland and whether late diagnosis is a problem.

Materials and Methods

We conducted a retrospective study on all live births
and abortions in Iceland from 2000 to 2014 (both years
included) and included all diagnosed with CCHD. CCHD was
defined as a structural defect of the heart or great vessels
leading to abortion, requiring intervention, by open surgery
or with catheterization, or causing death in the first year of
life. Excluded were children delivered preterm (< 38 weeks
gestation) with isolated patent ductus arteriosus.

Data on congenital heart disease diagnosis was collected
from the National Hospital databases. Medical records of those
with an ICD-10 diagnosis compatible with CCHD were reviewed
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to confirm a diagnosis of CCHD. Data on total live born children
per year was obtained from the national birth registry and
the general national registry. Data on follow-up was collected
until and including January 2019. As this study was exclusively
based onretrospective data collection no informed consent was
needed and was not required by Landspitali National hospital
bioethics committe. The study was performed according to
national regulations and accepted by the Landspitali National
hospital bioethics committe (3/2015).

Microsoft Office Excel 2007, R (version 3.1.2) and RStudio
were used for statistical analysis, which was mostly descriptive.
Chi-squared test was used for comparison of ratios and
determined statistically significant if p < 0.05.

Results

During the 15-year study period a total of 188 CCHDs were
diagnosed pre- and postnatally. The incidence was 2.82 per
1000 live born children for the whole period. By dividing the
study period in 5-year periods and comparing the incidence a
significant reduction in incidence was found (Figure 1).

Prenatal diagnosis was made in 69 of 188 CCHDs or 36.7%.
In 33 cases the family chose to terminate the pregnancy due to
a poor prognosis of the diagnosed CCHD. A high proportion of
HLHS cases, 19/21 were diagnosed prenatally, but no prenatal
diagnosis of simple transposition of the great arteries (TGA)
was achieved (0/15). The prenatal diagnosis are shown in
table 1.

The total number of live born children with CCHD was
155, an incidence of 2.33 per 1000. The male:female ratio was
93:62 or 1.5:1. A CCHD had been diagnosed prenatally in 36
of 155 live born children. Further 100 children (64.5%) were
diagnosed before discharge home.

There were 19 children (12.3%) discharged home without
a diagnosis of CCHD (Table 2). If CCHDs that are very difficult
to detect early such as ALCAPA and double aortic arch are
excluded, the number can be reduced to 16 children or 10,5%.
13 of 19 children had severe symptoms at diagnosis but late
diagnosis did not cause any deaths. The most common CCHD
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Figure 1: Comparison of incidence of CCHDs (including abortions) per 1000

live born in 5-year periods.
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Table 1: CCHDs diagnosed prenatally, in total, live born and aborted.

Total Live born Aborted
Heart defect ?nu:'zg; :‘nuin;:)r l(dnung;
HLHS 19 27,5 1 2,8 18 54,5
Complicated 11 15,9 8 22,2 3 9,1
CoA 6 8,7 5 13,9 1 3,0
CoA 3 43 3 83 0 0,0
CoA+VSD 1 14 1 2,8 0 0,0
CoA+subas 1 14 1 2,8 0 0,0
IAA+VSD 1 1,4 0 0,0 1 3,0
PA/IVS 5 72 4 1,1 1 3,0
AVSD 4 58 1 2,8 3 9,1
PA/VSD 4 58 3 8,3 1 3,0
sV 3 43 0 0,0 3 9,1
AS 2 2,9 2 5,6 0 0,0
DORV 2 2,9 2 5,6 0 0,0
Ebstein 2 2,9 1 2,8 1 3,0
PS 2 29 2 5,6 0 0,0
TGA(++) 2 2 29 2 5,6 0 0,0
TOF 2 2,9 2 5,6 0 0,0
CCTGA+VSD+coa 1 1,4 1 2,8 0 0,0
TA 1 1,4 0 0,0 1 3,0
TA+PA 1 1,4 0 0,0 1 3,0
Truncus 1 1,4 1 2,8 0 0,0
VSD 1 1,4 1 2,8 0 0,0
2TGA(++) = TGA+VSD+1 other defect (CoA x1, and PS x1).
Table 2: CCHDs diagnosed late, after discharge home.
Heart defect Number (n = 19) %
CoA/IAA 6 31.6
CoA 4 21.1
CoA+VSD 1 5.3
IAA+VSD 1 5.3
ALCAPA 2 10.5
PDA 2 10.5
AVSD 1 5.3
DORV+VSD 1 53
MS 1 5.3
Pbrs 1 5.3
SV 1 53
TGA(++) ? 1 5.3
TOF 1 5.3
Double aortic arch 1 5.3
VSD 1 5.3
3aTGA(++) = TGA+VSD+DORV.

to be diagnosed late was CoA, in 6 of the 19 children who were
diagnosed after discharge home. Three of them were critically
ill at diagnosis or in a state of circulatory shock. There was no
significant difference in the number of late diagnosis between
5-year periods of the study.

The most common CCHDs in the total cohort were CoA
(32/188), VSD (24/188) and HLHS (21/188). An overview of
all diagnosis is shown in table 3.

Of the 155 live born children 20 had genetic diagnosis. The
most common were trisomy 21 (9), XO (2) and microdeletion
of chromsome 22 (2). Among the 36 terminated pregnancies
two fetuses had trisomy 21, two trisomy 13, and further two
other chromosomal abnormalities.
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Table 3: All diagnosis of CCHDs.

Heart defect Number (n = 188) %
CoA 32 17,0
CoA 19 10,1
CoA+VSD 8 4,3
IAA+VSD 2 11
CoA+as 1 0,5
CoA+subas 1 0,5
CoA+subas+VSD 1 0,5
VSD 24 12,8
HLHS 21 11,2
TGA 21 11,2
TGA 12 6,4
TGA+VSD 3 1,6
TGA(++) @ 6 32
TOF 13 6,9
Complicated 12 6,4
AVSD 9 4,8
PS 8 4,3
AS 8 4,3
AS 6 32
AS+coa 2 11
PA/IVS 6 32
PA/VSD 6 32
Truncus 5 2,7
Truncus 4 2,1
Truncus+lAA 1 0,5
sV 4 2,1
DORV 4 2,1
ALCAPA 2 1,1
Ebstein 2 1,1
PDA 2 1,1
APW 1 0,5
CCTGA+VSD+coa 1 0,5
Coronary fistula 1 0,5
Ductal aneurysm 1 0,5
MS 1 0,5
Pbrs 1 0,5
TA 1 0,5
TA+PA 1 0,5
Double aortic arch 1 0,5
2aTGA+VSD+1 other defect (CoA x2, PS or PS+PIS x2, MS x1, and DORV x1).

Of 155 live born children with CCHD 5 children could not
be offered operation or intervention either due to the severity
of the CCHD, serious chromosomal defects, prematurity or
neurological problems and all 5 died. Of the remaining 150
children, 117 had surgery performed, and 33 interventional
heart catheterisation, all before the age of 1 year. The surgeries
and interventional heart catheterisations were performed in
Iceland, Boston (USA), Lund (Sweden), or London (UK).

At the end of the follow-up period 141 of 150 children who
were eligible for surgical or interventional treatment are alive
(94%), atthe age of 4-19 years. Nine children died after surgical
or interventional treatment for CCHD was performed. Of those
two children (1.3%) died within 30 days after the procedure.
One died after interventional ballon dilatation of valvular
pulmonary stenosis, and one after surgical atrial septectomy
and Blalock Taussig shunt procedure for pulmonary atresia
with intact ventricular septum. Three children died of multiple
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problems caused by genetic disorders. Two children died of
late complications of complex CCHD. Further two children
died of other or unknown causes not related to their CCHD.

Discussion

This nationwide study covers a 15-year period and
illustrates the incidence, timing of diagnosis and results of
treatment of CCHDs. The incidence of 2.33/1,000 live born
is similar to the incidence of 1.9-2.6/1000 found in previous
studies that also include CCHDs requiring intervention in the
first year of life [4-6]. The observed decrease in incidence
during the study period mightbe related to the implementation
of a nationwide but optional first trimester screening for
chromosomal abnormalities in the year 2003. This program
has led to increased early detection and abortion of foetuses
with serious chromosomal defects such as Down syndrome
where CCHDs are common [19,20].

Prenatal diagnosis was made in 37% of the total cohort.
Almost half of those diagnosed prenatally had so serious CCHD
that abortion was chosen. The remaining CCHDs diagnosed
prenatally composed 23% oflive born children with CCHD. The
proportion of prenatal diagnosis is similar to many previous
studies, but recent studies are increasingly showing higher
proportions of prenatal diagnosis, or 50%-75% [17,21,22].
Our results in prenatal diagnosis of very severe CCHDs such
as HLHS with poor prognosis are good. There is however
room for improvement in prenatal diagnosis of CCHDs that
are serious but seldom lead to abortion, such as TGA, where
no prenatal detection was achieved during the study period.
During the study period systematic examination of the outflow
tracts and three vessel view was not performed at screening
foetal ultrasound. Implementation of these techniques would
be necessary in order to improve our results of prenatal
screening for CCHDs [23].

As the majority of children with CCHD are not diagnosed
prenatally it is important to organize effective methods to
detect children with CCHD early, before they show serious
symptoms. During the study period newborn children were
examined twice at the age of 1 and 5 days. POX screening
was not performed. By these means only 12.3% of live born
children with CCHD were diagnosed late, after discharge
home.

Some of the late diagnosed CCHDs (shown in table 2) are
very difficult to detect early, such as ALCAPA and double
aortic arch. Late diagnosis of other CCHDs could probably
be reduced with methods such as POX. At least 3 children
with cyanotic heart disease in our material probably would
have been diagnosed earlier if POX had been applied. If
these diagnosis had been detected early, the proportion of
late diagnosis would have been reduced to 10,3%, which
compares well with previous studies showing very few late
diagnosis [16].
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The most common late diagnosis in our study was CoA,
where late diagnosis is a universal problem with or without
POX screening [4,7,8,14,15]. The number of CoA in the total
cohort was 32 and 6 (18.8%) of those were diagnosed late.
While more than 80% of CoA in our study were diagnosed
prenatally or shortly after birth the fact that half of the
children (3 of 6) with late diagnosis of CoA were critically ill
and in a state of circulatory shock highlights the importance of
trying to identify these children early.

The impact of CCHDs on survival is clear from our study.
Of 188 pre- and postnatal diagnosis of CCHD 47 have led to
termination of pregnancy or death (25%). CCHDs with poor
prognosis such as HLHS where two chamber correction is not
possible account for the majority of those. The survival of those
that were offered surgery or catheter intervention is however
acceptable. In-hospital mortality was 1.3% which compares
favourably with previous studies [24,25]. Later mortality after
surgery or intervention occurred in 7 of 148 children, but the
majority of those could be explained by serious comorbidities,
and only two directly to the CCHD.

Conclusion

The organisation of pre- and postnatal diagnosis of CCHDs
in Iceland during the period of 2000-2014 resulted in a high
proportion of children with very serious CCHD and poor
prognosis to be detected prenatally. The children with CCHD
not diagnosed prenatally were most commonly diagnosed
early after birth, and late diagnosis after discharge home from
birth facility were relatively few. Late diagnosis of CCHD did
not result in any deaths. The results of pre- and postnatal
detection of CCHDs can be improved by refining the methods
for prenatal foetal echocardiography and by adding POX
screening of newborns. Both changes have been implemented,
and the decisions were supported by the data presented.
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