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ABSTRACT

Objectives
Cardiac ventricular size disproportion is a fetal marker for aortic coarctation (CoA), but 
approximately 50% of fetuses do not have CoA after birth. The aim of this study was 
to evaluate the postnatal outcome of cases with fetal ventricular size disproportion in 
the absence of CoA after birth.

Methods
All cases with fetal isolated ventricular size disproportion diagnosed between 2002 and 
2015 were extracted from a regional registry with prenatal congenital heart defects. 
Cases were stratified according to presence (CoA) or absence (non-CoA) of aortic arch 
anomalies after birth. Postnatal outcome of non-CoA cases was evaluated by assessing 
the presence of cardiac and other congenital malformations, genetic syndromes and 
other morbidity after birth. Non-CoA cases were further classified according to whether 
they had cardiovascular pathology requiring medication or intervention.

Results
Seventy-seven cases with fetal ventricular size disproportion were identified, of which 
46 (60%) did not have CoA after birth. Of these, 35 did not require cardiovascular 
intervention or medication, whereas 11 did. Of the 46 non-CoA cases, six presented 
with clinical pulmonary hypertension requiring treatment after birth, 24 cases had 
cardiac defects and four presented syndromic features. Overall, 43% of all non-CoA 
children were still under surveillance at the end of the study period.

Conclusions
The postnatal course of cases with fetal ventricular size disproportion is complicated by 
prenatally undetected congenital defects (46%) and pulmonary or transition problems 
(35%) in a significant number of cases that do not develop CoA. Proper monitoring 
of these cases is therefore warranted and it is advisable to incorporate the risks for 
additional morbidity and neonatal complications in prenatal counseling.
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INTRODUCTION

Aortic coarctation (CoA) accounts for approximately 4-6% of all congenital heart 
defects and frequently requires surgery in the first year of life.1,2 Prenatal diagnosis of 
CoA is important as timely management with prostaglandins after birth can prevent 
clinical deterioration of the neonate before surgery, resulting in a lower mortality rate.3 
Ventricular and semilunar valve-size disproportion, with a smaller left side on fetal 
ultrasound are considered predictors of CoA.4 However, given the moderate sensitivity 
and low specificity of these ultrasonographic signs4-9, the prenatal diagnosis remains 
challenging. The low specificity can be attributed to the difficulty in differentiating 
between physiological enlargement of the right ventricle and pathological ventricular 
size disproportion.10

Over the past decade, most studies in this area have focused on the improvement of 
prenatal detection of CoA.10-14 Despite a false-positive rate of around 50% for the finding 
of fetal cardiac disproportion,12-13, hardly any studies have assessed the postnatal 
course and long-term outcome of fetuses with ventricular size disproportion for whom 
aortic surgery was not required.

We hypothesize that ventricular size disproportion is accompanied by, or is the result 
of, an altered fetal circulation that may have an effect on cardiac and pulmonary 
development. The main objective of this study was to explore the postnatal outcome, 
with a focus on pulmonary complications in particular, of cases diagnosed prenatally 
with isolated fetal ventricular size disproportion in the absence of CoA postnatally.

6
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METHODS

The tertiary care centers of the regions Amsterdam and Leiden, including the Leiden 
University Medical Center and the Amsterdam University Medical Centers, collaborate 
in the care for children with congenital heart defects. This collaborations is named 
Center for Congenital Heart Defects Amsterdam Leiden (CAHAL) and covers an area 
of approximately 40% of all live births in the Netherlands, which is equivalent to 72 
000 infants per year. Since 2002, all fetuses and infants diagnosed in CAHAL with a 
severe congenital heart defect (CHD) have been registered. A severe CHD is defined as 
cases born with a CHD requiring a therapeutic cardiac intervention or cardiac surgery 
in the first year of life. All pregnant women are seen by both a pediatric cardiologist 
and a fetal medicine specialist, who collaborate closely in the care of fetuses with CHD 
in these centers. The prevalence of severe congenital heart defects in this registry is 
2,0 per 1000 live births, which corresponds with the generally accepted prevalence 
of severe CHDs.1,2 Data collection for the CAHAL regional cohort registry has been 
described previously.15

All cases with fetal ventricular size disproportion, diagnosed between 2002 and 2015, 
were extracted from this registry. We included all cases diagnosed with isolated 
ventricular size disproportion in which parents were counseled about the possibility 
that the neonate might develop CoA after birth and postnatal intensive care admission 
was initiated to monitor ductal closure. Since only cases with isolated ventricular size 
disproportion were included, no other antenatally detected cardiac or non-cardiac 
defects were present. Cases with ventricular disproportion with persistent left superior 
vena cava (PLSVC) were included if it was decided prenatally to admit the neonate 
for ductal closure monitoring.16 Cases born before 36 weeks’ gestational age were 
excluded, as it is difficult to distinguish whether morbidity is due to prematurity or 
ventricular disproportion in these cases.

Cases were classified into those that developed CoA or hypoplastic aortic arch requiring 
aortic arch surgery within the first year postpartum (CoA group) and those that did not 
develop aortic arch anomaly (non-CoA group). For the cases that did not develop CoA 
postnatally, the aortic valve (AoV) and pulmonary valve (PV) diameters were extracted 
from the database. If these measurements could not be retrieved from the patient file, 
original images or videoclips were obtained and the measurements were performed 
on these. The AoV/PV ratio was calculated to rule out the effect of both gestational age 
and small- or large-for-gestational age, and the measurements were also converted 
to Z-scores based on gestational age.17 In cases with serial measurements, the last 
complete echocardiogram before delivery was used.
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According to postnatal outcome, non-CoA cases were subsequently stratified according 
to whether they required cardiovascular intervention or medication (treatment) or not 
(non-treatment). The treatment group included cases that required medication or an 
intervention to treat cardiovascular diseases that were not or could not have been 
detected prenatally.

Pediatric charts were assessed to retrieve data on postnatal outcome. We assessed 
baseline characteristics such as age and sex in both the non-CoA and the CoA groups. 
To evaluate the outcome in the non-CoA group in particular, we assessed the postnatal 
presence of cardiac and extracardiac (congenital) malformations, syndromes or other 
chromosomal anomalies, the presence of neonatal pulmonary hypertension, drug 
administration, number of interventions and number of admissions to the hospital in 
the first year after birth.

Pulmonary hypertension (PH) was defined as failure of the normal postnatal decline of 
pulmonary vascular resistance that may be associated with oxygenation failure or right 
ventricular dysfunction. The severity of PH was based on its duration. PH was defined 
as need for respiratory support or vasodilators, with or without use of diuretics. The 
duration of PH was scored as either self-limiting (< 6 weeks) or persistent (> 6 weeks). 
If PH developed at a later stage as the consequence of a cardiac malformation, rather 
than as a result of alterations in hemodynamics during transition, it was scored as 0. 
The following grading system for PH was used: 0 = absence of PH; 1 = self-limiting PH; 
2 = persistent PH.

Baseline characteristics in both groups were analyzed using SPSS Statistics 22.0 (IBM 
Corp., Armonk, NY, USA). An independent t-test was used to test numeric variables 
for significance. The chi-square test was used to compare categorical variables and 
calculate odds ratios. A P-value of < 0.05 was considered statistically significant. For all 
other variables, descriptive statistics were used to outline the expected heterogeneity 
in possible outcomes.

6
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RESULTS

Between 1 January 2002 and 31 December 2015, 100 women were referred to one of 
the three centers because of a prenatally diagnosed ventricular left-right disproportion. 
Additional cardiac and non-cardiac abnormalities were present in 11 cases (non-
isolated), disproportion normalized during pregnancy in 8 cases and a premature 
birth (<36 weeks) occurred in 4 cases. Thus, 23 cases were excluded, leaving 77 cases 
available for analysis (Figure 1).

Figure 1: Flowchart showing inclusion in study and postnatal outcome of pregnancies diagnosed 
prenatally with left–right ventricular size disproportion (VD).

CoA, aortic coarctation.
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All 77 cases with isolated prenatal ventricular size disproportion were initially admitted 
to the neonatal ward for observation upon ductal closure. Forty-six cases (60%) did 
not develop an aortic arch anomaly that required surgery (non-CoA group), whereas 31 
cases (40%) required surgical intervention for aortic arch anomalies (CoA group). The 
prenatal presence of the findings PLSVC (12/77, 16%) and restricted or closed foramen 
ovale (9/77, 12%) did not differ significantly between both groups, as shown in Table 
1. A significant difference was encountered in the incidence of postnatally diagnosed 
bicuspid aortic valve between the non-CoA (3/46, 7%) and CoA group (10/31, 32%), 
resulting in an odds ratio of 6,8 for CoA in the presence of a bicuspid aortic valve.

Table 1. Baseline characteristics of fetus diagnosed with left-right ventricular disproportion 
(n=77), divided by postnatal diagnosis

Non-CoA
(n=46)

CoA
(n=31)

P (95% CI) OR (95% CI)

Male sex 26 (56,5) 18 (58,0) 0,89

Age at end of study
period (years)

4.9 (0.3–12.0) 4.7 (0.3–14.3) 0.82 (−1.95 to 1.54)

Additional prenatal findings

Prematurely restricted 
or closed FO

6 (13,0) 3 (9,7) 0,65 0,74 (0,17 - 3,10)

PLSVC 9 (19,6) 4 (12,9) 0,44 0,61 (0,17 - 2,19)

Additional postnatal 
finding

Bicuspid aortic valve 3 (6,5) 10 (32,3) 0,003* 6,8 (1,7 - 27,5)

Data are given as n (%) or mean (range). * p-value <0,05

Non-CoA: group without aortic arch anomalies postpartum, CoA: group with aortic arch anomalies 
postpartum,
OR odds ratio, FO: foramen ovale, PLSVC: persistent left superior vena cava.

Non-CoA group
The AoV and PV diameters could be obtained in 45 of the 46 non-CoA cases. In 40 
(89%) cases, both AoV and PV were retrieved from the fetal database and in five (11%) 
cases the AoV or the PV was measured on stored images. In the other case, AoV and 
PV diameters were not noted and original images were lost due to a change of storage 
systems. The AoV was smaller than the PV in all cases, with a mean AoV/PV ratio of 
0.66 (95% CI, 0.36–0.96). The computed mean Z-scores for AoV and PV were 0.59 and 
1.32, respectively.

6
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Amongst non-CoA cases, undetected cardiovascular anomalies were encountered in 
19 (41%) cases. These included valve anomalies (9/46), septal defects (4/46), anomalous 
pulmonary venous return (APVR) (2/46), other vascular anomalies or pathology (2/46) 
and decreased cardiac function (2/46), requiring medication (angiotensin converting 
enzyme (ACE) inhibitor/diuretics).

Genetic or syndromic features were seen in four cases, including one case with Down 
syndrome and three with dysmorphic features, such as syndactyly with undergrowth 
of digit IV, humeral exostosis and several facial dysmorphic features. Overall, 43% of all 
non-CoA children were still under surveillance at the end of the study period (December 
2015).

Non-treatment group
Of the 46 cases that did not develop aortic arch anomalies postnatally, 35 did not 
require cardiovascular treatment. Of these, 18 (39%) cases did not have structural 
cardiac anomalies and 17 had minor cardiac or extracardiac abnormalities but 
intervention or medication for cardiovascular pathology was not required. In the latter 
subgroup, abnormal morphology of the semilunar valves was found in six cases, three 
had isolated PLSVC, one a small ventricular septal defect (VSD) together with PLSVC 
and one an isolated atrial septal defect type II. Furthermore, genetic syndromes or 
dysmorphic features were diagnosed in four cases and other anomalies in two (Table 
2). All cases with PLSVC were identified prenatally. The mean observation period in 
this group was 7 days and only five of these cases needed readmission to the hospital. 
Follow-up visits were ongoing in nine cases, of which five were still under the age of 2 
years at the end of the study period, and 26 cases did not have follow-up visits planned 
after the second year after birth.

Treatment group
The pathology encountered in 11 cases in the non-CoA group that required 
cardiovascular intervention or medication is outlined in Table 3. Ten neonates received 
medication, including ACE-inhibitors, diuretics and anticoagulants, because of renal 
vein and sagittal sinus thrombi. Five cases required cardiac surgery, including surgical 
correction of a total APVR (TAPVR) or partial APVR (PAPVR), aortic valve stenosis, mitral 
valve stenosis and multiple VSDs. The mean duration of initial hospital admission in this 
group was 35 days, varying from 2 to 189 days, and 18 re-admissions were required.
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Table 2. Outcome of ‘non-CoA’ cases that did not require cardiovascular treatment postnatally 
(n=35).

Diagnosis Value

No structural abnormality 18

Abnormal morphology of aortic,pulmonary or tricuspid valve* 6

Isolated PLSVC 3

VSD and PLSVC 1

Isolated ASD-II 1

Genetic disorder/dysmorphic features

Down syndrome† 1

Facial dysmorphic features withthoracic scoliosis 1

Syndactyly with undergrowth ofdigit IV‡ 1

Humeral exostosis 1

Other 2

Hospital visits

Number of admissions 43

Postnatal duration of admission (days)

Mean 6.5 (2–37)

Total 229

Follow-up visits§

Yes 10

No 25

Pulmonary support

Postnatal respiratory support 10

PH

No PH 33

Clinical PH¶ (self-limiting) 2

Data are given as n or mean (range).
* In four cases, ASD-II occurred together with other anomalies.
† Pulmonary valve stenosis was also present in this case.
‡ VSD was also present in this case.
§ Consultation with medical specialist scheduled, as estimated at time of end of study period 
(December 2015).
¶ Defined as desaturation requiring respiratory support, vasodilators or other drugs supporting 
cardiac function.
ASD-II, atrial septal defect type-II; PH, pulmonary hypertension; PLSVC, persistent left superior 
vena cava; VSD, ventricular septal defect.

6
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Pulmonary hypertension
A high rate of need for respiratory support was observed. PH requiring respiratory 
support or vasodilators was present in 6/46 (13%) non-CoA cases (Table S1). Even 
in the group without need for cardiovascular intervention or medication, two cases 
required respiratory support for the treatment of PH because of ductal right–left 
shunting. Temporary respiratory support on the first day was given in 10 cases within 
this subgroup (Table 2). Amongst the cases in the treatment group, PH was present 
in four cases. This was persistent in two, including one case with PAPVR and one with 
cor pulmonale (Table 3). If the case with TAPVR had been diagnosed prenatally, and 
therefore had not been included in this cohort, the number of cases with clinical PH 
would have corresponded to 5/45 (11%) of all non-CoA cases.
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DISCUSSION

This study shows that prenatal counseling in ventricular disproportion should include 
the significant risk of additional pathology, as 46% of cases that did not develop aortic 
arch anomalies were diagnosed with cardiovascular diseases or dysmorphic features 
that were undetected prenatally. Previous studies have focused mainly on improving 
the identification of cases that require aortic arch surgery.10-14

We encountered a relatively high incidence (46%) of prenatally undetected congenital 
malformations amongst cases without CoA, which mainly comprised cardiac 
defects. The association of left–right ventricular disproportion with both cardiac 
and extracardiac pathology has been reported before by Hornung et al.18 and Axt-
Friedner et al.19, who found a considerable incidence of other CHDs, such as VSD, 
PLSVC, pulmonary or aortic valve stenosis and chromosomal diseases in these patients. 
These studies, however, included cases of both isolated and non-isolated ventricular 
size disproportion, resulting in a considerably higher incidence of severe cardiac and 
extracardiac pathology and genetic syndromes, and a higher termination and mortality 
rate compared with our findings. The presented frequency and severity of pathology 
encountered in this cohort represents the incidence of pathology only amongst cases 
of prenatally isolated ventricular size disproportion.

Additionally, our data suggest that this prenatal finding can have a considerable impact 
on both the neonatal period and following years, as evidenced by the number of children 
requiring antihypertensive drugs, diuretics and long-term follow-up visits. This number 
could, however, have been slightly lower if TAPVR had been recognized prenatally as 
the cause of the ventricular disproportion in one case. This case was from the early 
years of the cohort (2009), but underlines the importance of careful examination of 
these fetuses, as this diagnosis should not be missed in left–right disproportion. Other 
cardiac anomalies involved PAPVR, non-compaction cardiomyopathy, mild aortic valve 
and mitral valve stenosis, VSDs, bicuspid aortic valve and tricuspid valve dysplasia. 
These are all conditions known to be difficult to diagnose in the prenatal period, and 
may be progressive with advancing gestation or become apparent after birth, which can 
lead to long-term consequences. Furthermore, our findings showed that a prematurely 
closed or restrictive foramen ovale or PLSVC was found more often in cases that did 
not develop aortic arch anomalies rather than in CoA cases. A bicuspid aortic valve 
occurred in 32% of cases of the CoA compared with 7% of the non-CoA group, which is 
in accordance with the known association between bicuspid aortic valve and CoA.4,11,20

6

173872_Nisselrooij, van_BNW-proef_v5.indd   121173872_Nisselrooij, van_BNW-proef_v5.indd   121 13-5-2024   08:17:1213-5-2024   08:17:12



122

Chapter 6

Pulmonary pathology in general was also encountered frequently. This varied from 
need for respiratory support in the neonatal period in 30% to clinically important PH 
requiring vasodilators, diuretics and respiratory support in 13% of the non-CoA cases, 
of which 4% even required long-term PH treatment. Overall, 35% of all non-CoA cases 
coped with respiratory problems and only 41% did not need postnatal support of 
any kind or other clinical intervention during the neonatal observation. It is therefore 
recommended to alert parents, as early as during prenatal counseling, of potential 
transition problems and the occurrence of other minor or major defects, as they may 
experience the transient need for respiratory support as a stressful event. The fact 
that all neonates were admitted to a neonatal intensive care unit for observation of 
ductal closure might, however, have resulted in a slightly lower threshold to provide 
respiratory support in these cases.

Although the exact mechanism behind prenatal left–right ventricular disproportion in 
the development of CoA is unknown, one of the hypotheses is that CoA results from 
an imbalance between the flow over the left ventricular outflow tract and the ductus 
arteriosus, causing decreased flow through the aortic isthmus.14 We hypothesize that 
the altered hemodynamics in fetal life, with right ventricular dominance and a cardiac 
output larger than usual entering the pulmonary circulation, might have an effect on 
pulmonary development. The increased flow towards the pulmonary vascular system 
could influence the pulmonary vascular development during fetal life, potentially 
causing both short-term, in the transition phase from fetus to newborn, and long-
term effects. This theory is supported by the rare situation in which constriction of 
the fetal ductus arteriosus in utero can cause idiopathic pulmonary hypertension.21,22 
Uterine constriction of this fetal shunt results in a pulmonary overflow, which causes 
remodeling of pulmonary vasculature with vascular wall thickening and smooth muscle 
hypoplasia.23 Fetal ventricular disproportion also reflects an imbalance in pulmonary 
and aortic flow, possibly leading to comparable, but less severe, symptoms. This 
hypothesis might explain the high percentage of cases needing respiratory support 
(30%), due to either transition problems or PH. The prevalence of PH in this group 
(13%) is very high, compared with the reported prevalence in unselected cohorts (1.9 
per 1000 live births).24,25

Finally, 45% of all cases with prenatal ventricular size disproportion did not require 
medication or intervention for cardiovascular disease after observation. In this series, 
ventricular size disproportion, known to precede a postnatal diagnosis of CoA26, did 
not result in a coarctation after ductal closure in 60% of cases, which is consistent 
with previous publications, reporting rates from 33% up to 65%. The range can be 
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explained by the subjectivity of the finding and differences in inclusion and exclusion 
criteria.5-7,9,11,26-28

A limitation of this study is the lack of specific measurements of the cardiac ventricles 
to calculate ratios or Z-scores and define cases suspected for CoA more objectively. 
It is thereby important in cases with ventricular disproportion to measure cardiac 
structures and not only assume the left side is small. A large prospective cohort study, 
including the outcome of non-CoA cases, based on specific measurements, may be 
beneficial to support these findings with additional details.

In conclusion, despite the absence of aortic arch anomalies in cases with prenatal 
left–right ventricular disproportion, the number of neonates requiring intensive 
care postnatally and the frequency of additional cardiac and extracardiac morbidity 
is considerable. Proper monitoring of these infants is therefore warranted and 
incorporation of the risk for additional morbidity and neonatal complications into 
prenatal counseling should be considered.
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SUPPLEMENTAL INFORMATION

Table S1. Case description and treatment of six patients diagnosed prenatally with left–right 
ventricular size disproportion, who did develop aortic coarctation but required treatment for 
pulmonary hypertension (PH) postnatally

PH Patient Group Diagnosis PH treatment

Persistent 2 Treatment PAPVR, ASD, VSD Left-
to-right shunt (5:1) 
causing pulmonary flow 
hypertension

Sildenafil, 
diuretics and fluid 
restriction(Surgical 
correction PAPVR, ASD, 
VSDs)

8 Treatment Right heart failure Dilated 
RV with moderate systolic 
function, L-R systolic and 
R-L diastolic shunt over 
VSD, increased pressure RV

Respiratory 
support, bosentan, 
sildenafil(Diagnostic 
heart catheterization 
(NO))

Self-limiting 9 Treatment Isolated increased 
pulmonary pressure Ductal 
R-L shunt and RV>LV

Respiratory support, 
diuretics

1 Treatment TAPVR RV dilatation, 
increased pressure RV, 
ductal R-L shunt

Intubation, inotropes, 
diuretics(Surgical 
correction TAPVR and 
ASD-II)

X No treatment Isolated increased 
pulmonary pressure Dilated 
RV and RA, ductal systolic 
R-L shunt and diastolic L-R 
shunt

Respiratory support

X No treatment Pulmonary valve stenosis 
with RV hypertrophy(Down 
syndrome)

Respiratory support

ASD, atrial septal defect; NO, nitric oxide; PAPVR, partial anomalous pulmonary venous return; 
TAPVR, total anomalous pulmonary venous return; VSD, ventricular septal defect.w
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