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Background-—Because of the increasing numbers of congenital patients surviving into adulthood, early diagnosis and prevention of
acquired cardiovascular disease is reasonable. The aim of this study was to detect diagnostic subgroups of adults with congenital
heart disease (ACHD) that have increased carotid intima-media thickness (cIMT), a subclinical marker of cardiovascular damage.

Methods and Results-—This study enrolled 831 ACHD patients (392 women, aged 38.8�11.7 years) from May 2015 to February
2019 at their regular outpatient visit. Far wall cIMT was measured using a semiautomatic ultrasound system at 4 angles. Age, sex,
height, weight, blood pressure, smoking status, and antihypertensive medication were registered and entered in a multiple linear
regression model to compare diagnostic subgroups to 191 healthy controls (111 women, aged 36.7�13.5 years). There were no
significant differences in cIMT of ACHD (0.538�0.086 mm) compared with healthy controls (0.541�0.083 mm; P=0.649) after
adjusting for the aforementioned covariates. Only patients with coarctation of the aorta showed significantly higher cIMT values
(0.592�0.075 mm; P<0.001) compared with healthy controls. In addition, ACHD patients who were men (P=0.032), older
(P<0.001), and were prescribed antihypertensive medications (P=0.003) were all found to have thicker cIMT values.

Conclusions-—Overall, we determined that within the ACHD cohort, only those patients with a history of coarctation have higher
cIMT values. To better determine the mechanism of abnormal vasculature, further basic research is needed. ( J Am Heart Assoc.
2020;9:e013536. DOI: 10.1161/JAHA.119.013536.)
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T he decreasing mortality rate in children with congenital
heart defects (CHDs)1,2 leads to more attention for the

management and care of adults with congenital heart disease
(ACHD). While most of these patients are not cured but
palliated and face long-term cardiac sequelae, they need
special care to live with their chronic conditions.3 With an
aging population, there are new challenges for cardiologists,
caregivers, and researchers.4–6

Late effects of CHD as well as further acquired heart
defects are prominent.4 In this context, age-associated
cardiovascular diseases in ACHD patients become an addi-
tional problem. Atherosclerosis already starts in childhood

and leads to cardiovascular disease in adults.7 Identifying
diagnostic subgroups or patients at risk is an important step
to prevent premature cardiovascular events in these patients
in later life.

The aforementioned subclinical signs of atherosclerosis
can be detected by measuring carotid intima-media thickness
(cIMT). This measurement is noninvasive, and it facilitates the
early detection of vascular impairments.8 Another advantage
of this diagnostic method is the early detection of vascular
damage in otherwise healthy-appearing people.9

In a prior study,10 we outlined that children and adoles-
cents with coarctation of the aorta (CoA) and transposition of
the great arteries (TGA) after arterial switch have higher cIMT
values than the following groups: healthy controls, patients
with a univentricular heart, isolated shunts, tetralogy of Fallot,
and pulmonic stenosis. The aim of this study was to check if
these conspicuous values are still prevalent in ACHD or
whether other diagnostic subgroups show vascular changes in
adulthood.

Methods
The data that support the findings of this study are available
from the corresponding author upon reasonable request.
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Study Subjects

The present study prospectively enrolled 831 patients with
CHD (392 women) aged 18 to 81 years (38.8�11.7 years).
All subjects were recruited during their outpatient visit at the
German Heart Centre in Munich between May 2015 and
February 2019. Age, sex, height, and weight as well as cIMT
and blood pressure were recorded. Afterwards, all patients
were classified in diagnostic subgroups: aortic stenosis
(n=112), atrial septal defect/ventricular septal defect/
atrioventricular septal defect (isolated shunts=138), CoA
(n=69), tetralogy of Fallot (ToF, n=154), transposition of the
great arteries after arterial switch (n=21), transposition of
the great arteries after Rastelli and congenitally corrected
TGA (n=37), transposition of the great arteries after
Mustard/Senning repair (n=88), pulmonary stenosis or
regurgitation (n=40), Ebstein anomaly (n=40), Fontan circu-
lation (n=44), cyanotic (native or palliated; n=33), or others
(n=55).

Patients’ data were compared with 191 healthy controls
(111 women) of the same age range (36.7�13.5 years). All

Figure 1. Visualization of the carotid intima-media thickness measurement.

Clinical Perspective

What Is New?

• Adults with a history of coarctation of the aorta have
increased carotid intima-media thickness values compared
with healthy controls.

• Higher age, male sex, and prescribed antihypertensive
medication are associated with higher carotid intima-media
thickness in patients with congenital heart disease.

• Most diagnostic subgroups of patients with congenital heart
disease show normal carotid intima-media thickness values.

What Are the Clinical Implications?

• Patients with coarctation of the aorta should be screened in
order to early detect vascular disease involving the carotid
arteries.

• Patients with transposition of the great arteries after arterial
switch demonstrated a trend toward increased carotid
intimal thickness, which will need to be further studied to
determine if screening is indicated.
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controls were investigated in a similar setting with the same
ultrasound protocol, equipment, and staff.

The study was approved by the local ethical board of the
Technical University of Munich (project number: 515/15) and
is part of the CARING (Cardiovascular Risk in Grown-up
Congenital Heart Disease) project, which is registered in the
“Deutsches Register Klinischer Studien” with the number
DRKS00015248. All subjects gave written informed consent
for participation.

Study Protocol
Since our overall study population was young, and therefore
the likely prevalence of atherosclerotic plaque was low, we
chose to measure cIMT as a subclinical marker. A well-
standardized study protocol is very important in scanning
cIMT.8 We previously described our standardized protocol for
measuring cIMT,10 which follows the guidelines of the
Cardiovascular Prevention Working Group of the Association
for European Paediatric Cardiology.11 These guidelines for
scanning and analyzing cIMT are based on the Mannheim
Consensus12 but are more specific and therefore important for
future longitudinal studies following children to adulthood. In

brief, all measurements were performed using the Cardio-
health Station of Panasonic (Jakohama, Japan), a semiauto-
mated ultrasound system. With B-Mode, 4 measurements of
cIMT at the far wall of the common carotid artery, 1 cm distal
to the bulb, were recorded, and a mean value was calculated
and used for all following analyses (Figure 1). The central
frequency of the linear-array transducer was 8.9 MHz.

Age, sex, height, weight, and use of antihypertensive/
heart failure medications (diuretics, b-blocker, angiotensin-
converting enzyme inhibitors, angiotensin receptor antago-
nists) were recorded for all participants. Systolic and
diastolic blood pressure were measured after 5 minutes of
rest in supine position using the oscillometric Mobil-O-Graph
(IEM Healthcare, Stolberg, Germany) device. Mean arterial
pressure was calculated by the formula: [(29diastolic)+sys-
tolic]/3.

Data Analyses
Descriptive data are reported as mean�SD in case of
continuous variables and as counts�percentages in case of
categorical variables. Comparison of demographic and clinical
variables of ACHD and healthy controls were performed with t

Table 1. Overview of Study Characteristics

n

Sex Age (y) Height (cm) Weight (kg) MAP (mm Hg)
Antihypertensive
Medication cIMT* (mm)

Female n (%) (Mean�SD) (Mean�SD) (Mean�SD) (Mean�SD) n (%) (Mean�SD)

Aortic stenosis 112 30 (25) 35.7�10.4 175.4�9.0 78.0�15.9 89.7�9.9 38 (33.9) 0.540�0.074

Coarctation of the aorta 69 29 (42) 37.5�10.6 173.2�8.5 72.5�14.3 90.5�10.3 42 (60.9 0.592�0.075

Isolated shunts (ASD, VSD, AVSD) 138 80 (58) 44.0�14.0 170.1�10.0 74.3�16.2 93.1�11.4 53 (38.4) 0.535�0.082

Pulmonic stenosis/regurgitation 40 18 (45) 38.9�12.6 172.7�11.3 72.0�14.2 91.3�9.9 11 (27.5) 0.530�0.076

Tetralogy of Fallot 154 71 (46) 38.0�10.2 171.2�9.1 72.3�14.9 88.8�10.1 39 (25.3) 0.526�0.074

TGA after arterial switch 21 6 (29) 27.0�7.8 178.7�9.4 74.6�14.4 86.5�9.1 6 (28.6) 0.584�0.078

TGA after Senning/Mustard 88 32 (36) 37.7�5.4 172.8�8.0 75.2�13.8 88.1�9.3 31 (35.2) 0.545�0.075

TGA after Rastelli and
congenitally corrected TGA

37 24 (65) 38.9�12.2 170.4�8.5 67.8�12.8 84.7�8.4 19 (51.4) 0.541�0.079

Ebstein anomaly 40 28 (70) 43.1�15.2 171.4�7.3 73.3�13.4 90.5�9.3 16 (40) 0.524�0.076

Fontan circulation 44 19 (43) 35.4�8.7 170.2�10.6 68.8�14.8 85.1�9.8 35 (79.5) 0.526�0.080

Cyanotic (native or palliated) 33 21 (64) 44.5�11.4 167.2�9.8 66.1�14.1 85.8�10.1 23 (69.7) 0.517�0.080

Others 55 34/21 (62) 38.5�12.7 175.3�12.8 74.2�16.2 88.4�8.8 32 (58.2) 0.519�0.082

Congenital heart defect 831 392 (47) 38.8�11.7 172.1�9.7 73.2�15.1 89.3�10.3 348 (42) 0.538�0.086

Controls 191 111 (58) 36.7�13.5 173.8�8.8 72.2�14.2 89.8�9.0 9 (4.7) 0.541�0.083

P value† ��� 0.008‡ 0.032‡ 0.043‡ 0.371 0.584 <0.001‡ 0.649

ASD/VSD/AVSD indicates atrial septal defect/ventricular septal defect/atrioventricular septal defect; cIMT, carotid intima-media thickness; MAP, mean arterial pressure; TGA,
transposition of the great arteries.
*Values are adjusted for sex, age, height, weight, mean arterial pressure, smoking status (yes/no), and antihypertensive medication (diuretics, b-blocker, angiotensin-converting enzyme
inhibitors, angiotensin receptor antagonists).
†Comparing CHD vs. controls with a t test and chi-square test if appropriate.
‡Statistically siginificant difference (p<0.05).
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tests for unpaired samples and chi-square tests if appropriate.
As seen in our recently published paper on children with CHD,
a multiple linear regression model was used to compare cIMT
values between ACHD patients and healthy controls, after
adjusting for age, sex, height, weight, mean arterial pressure,
smoking status, and intake of antihypertensive medication.10

The same model, including the same covariates, was applied
when comparing diagnostic subgroups with and without
healthy controls. To find parameters associated with
increased cIMT in patients with CHD, a multivariate regression
model was used in this group.

All results are given as (estimated) mean and SD. Two-
sided P<0.05 were considered as statistically significant.
SPSS 23.0 software (IBM Corp., Armonk, NY) was used for all
statistical analysis of data.

Results
There were no notable differences in cIMT between the 2
general groups of ACHD and healthy controls (CHD=
0.538�0.086 mm versus controls=0.541�0.083 mm;
P=0.649) after correction for sex, age, height, weight, mean
arterial pressure, smoking, and use of antihypertensive/heart
failure agents (Table 1).

In a more detailed analysis regarding diagnostic subgroups,
only patients with CoA showed thicker cIMT values
(0.592�0.075 mm; P<0.001) in comparison with healthy
controls and almost all other subgroups (Figure 2 and Table 1).

In addition, in ACHD higher age (b=0.556, P<0.001), intake
of antihypertensive/heart failure medication (b=0.103;
P=0.001) and male sex (b=0.078, P=0.031) were associated
with thicker cIMT in a multivariate regression model (Table 2).

In addition, 8.9% of patients with CHD and 12.6% of healthy
controls reported smoking histories.

Discussion
The findings of the present study confirm abnormal cIMT
values for CoA patients in adulthood. In contrast to our prior
study, adult patients with TGA after arterial switch do not
demonstrate significantly increased cIMT values, compared
with the other ACHD patients and healthy controls. One reason
for the differing results between our 2 studies, the earlier of
which compared cIMT in children,10 may be the small patient
sample of adults with TGA after arterial switch in our adult
cohort. Nevertheless, this group shows the second-highest
cIMT values and is the only group that does not significantly
differ to the abnormal values of CoA patients. Therefore, we

Figure 2. Carotid intima-media thickness (cIMT) of adults with congenital heart disease in comparison
with healthy controls after correction for sex, age, height, weight, mean arterial pressure, smoking status,
and hypertensive agents.
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continue to recommend early, regular screening and manage-
ment of acquired cardiovascular risk factors in the coarctation
and arterial switch population. Patients with other CHD
diagnoses did not show increased cIMT values at all.

Patients with CoA demonstrated highest cIMT values and
are therefore at risk for later cardiovascular events. This is in
accordance with the results of other studies13,14 and the fact
that estimated survival of CoA patients is still lowered.15,16

Several studies16–18 showed that coronary artery disease is
the most common cause of death in these patients. Further,
their premature deaths are attributed to abnormal vascular
characteristics19–21 and early atherosclerosis.13,15

Aortic arch geometry22 and autonomic cardiovascular
dysregulation23 are only some factors that are discussed as
influencing parameters of cardiovascular function in later life.
Hypertension (at rest or exercise induced), for example, is one
serious problem in patients with CoA.14,18,24 However,
because normotensive children without residual aortic arch
obstruction also show vascular abnormalities, Meyer et al14

supported the thesis of additional factors that promote early
atherosclerosis. Even the theory that vascular changes might
be a congenital problem in patients with CoA is possible,
since vascular changes were also seen in patients with early
repair and independent of the time of surgery.14

Cyanotic patients have a high morbidity and mortality25 but
rarely show signs of atherosclerosis. Low blood pressure and
good cholesterol levels might be responsible for good
cIMT values26 by positively influencing arterial function and
structure.

Because of hypoxemia, upregulated nitric oxide, hyperbiliru-
binemia, and thrombocytopenia, cyanotic patients are believed
to have a reduced risk of atherosclerosis.26,27 In contrast to
this, the authors of amulticenter study28 concluded that there is
neither a beneficial plasma lipoprotein profile nor a decreased
atherosclerotic burden of this patient group.28 This is in
accordance with our findings regarding cIMT values.

Conclusions
Answering our primary aim of this study, we can clearly
confirm high cIMT values in adults with CoA. For patients with
TGA after arterial switch, a higher number of patients is
needed to make a clear assessment of their vascular
structure. Both diagnostic subgroups should be screened for
early prevention. For closer understanding of the vascular
structure of patients with CHD, further basic research is
needed to determine whether vascular changes directly
influence the premature cardiovascular morbidity in this
special cohort.

Limitations
The German Heart Centre Munich is a tertiary center, and all
patients were under regular follow-up. Therefore, a selection
bias is possible. Although our total sample size of patients
with CHD is huge, the findings for some subgroups (in
particular, patients with TGA after arterial switch) could be
strengthened by a higher number of cases. Further, the
usefulness of cIMT values has been critically discussed in the
past decade, as some studies showed that cIMT values are
less predictive than plaque detection and coronary artery
calcium score. Therefore, the authors do not recommend
cIMT as parameter for risk stratification.29,30 On the other
hand, there are studies that recommend the common use of
cIMT and plaque for risk stratification.31,32
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