
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Aortic coarctation: late complications and treatment strategies

Luijendijk, P.

Publication date
2014

Link to publication

Citation for published version (APA):
Luijendijk, P. (2014). Aortic coarctation: late complications and treatment strategies. [Thesis,
fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/aortic-coarctation-late-complications-and-treatment-strategies(dd8826e3-5540-4671-9908-392ee64b166c).html


 



Abstract
Background: Adult post coarctectomy patients (CoA) demonstrate an increased cardiovascular
morbidity and mortality. The carotid intima media thickness (CIMT), a marker for atherosclerosis, is
increased in CoA. The aim was to evaluate the predictive value of CIMT for cardiovascular events.
Methods and Results: Consecutive CoA patients were prospectively studied during 10.1 ± 0.7 years
follow up. At baseline and follow up echocardiography, MRI and CIMT imaging were performed,
while cardiovascular events were registered. CIMT data were compared with controls. The composite
endpoint included myocardial infarction, cerebrovascular events (CVA), aortic aneurysm repair,
(sudden) cardiac death. 160 CoA patients were studied. (median age 31.7 (18 74 yrs), 64% male).
Events occurred in 18 patients (11%); five (3%) with myocardial infarction, four (2.5%) with an
ischemic CVA, seven (4%) with aortic aneurysm repair and two (1%) died suddenly. An increased
CIMT ( 0.8 mm) (HR = 9.98, < 0.001) and increased cholesterol levels (HR = 4.95, P = 0.047) were
predictive for events. Baseline CIMT was increased in CoA compared to controls (0.64 ± 0.12 mm vs.,
0.57 ± 0.07 mm (P = 0.005). CIMT progression rates were similar. (0.0091 ± 0.016 mm/year vs 0.0097
± 0.018 mm/year, P = 0.84) Signs of atherosclerosis seem to appear significantly earlier in CoA.
Conclusion: The contemporary cardiovascular event rate in CoA is 11% in 10 years. Atherosclerosis
seems to appear significantly earlier in CoA compared to controls. CoA patients with a CIMT
exceeding 0.8 mm have a tenfold higher cardiovascular risk. CIMT seems to be a useful tool for
cardiovascular risk assessment in CoA.
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Introduction
Mortality and morbidity remain increased in patients with aortic coarctation (CoA) after successful
repair.1 3 Common complications after surgical repair include: systemic hypertension, aortic
aneurysm formation, cerebrovascular complications and premature coronary artery disease. 4 6

Previous studies have shown that coronary artery disease was the most common cause of premature
death in CoA, of which more than one third of all deaths were directly attributed to acute myocardial
infarction. Therefore it is thought that the major burden in CoA is caused by premature
atherosclerosis. 7

The carotid intima media thickness (CIMT) measures vascular remodeling and is a validated
non invasive reproducible marker for atherosclerosis. An increased CIMT has been found in the pre
coarctational arteries in both children and adult CoA patients, even in normotensive patients after
early repair. This supports the theory of a developmental defect of the proximal aorta and its
branches.1;8 11Vascular remodeling of the arterial wall is due also to the normal aging process,
residual aortic gradients and residual or recurrent hypertension.11 14

At present, data with regard to the incidence of clinical cardiovascular events in CoA is
lacking and we are unaware of the progression of vascular remodeling. Such data is necessary for
adequate cardiovascular risk management in CoA patients. The aim of the current prospective
observational study is to evaluate the burden of atherosclerosis in CoA patients by means of the
incidence of clinical cardiovascular events, to evaluate the predictive value of the CIMT on these
events, and to measure the vascular remodeling in time.

Methods
In this prospective follow up study, 160 consecutive CoA patients from three participating tertiary
referral centres were enrolled in 2001 and followed for 10.1±0.7 years. Eligible participants were
identified from the CONgenital CORvita (CONCOR) database, a Dutch National registry and DNA bank
for adult patients with congenital heart disease.15 At baseline, all patients underwent
echocardiography, CMR imaging, 24h ambulatory blood pressure monitoring and laboratory testing.
In 136 patients B mode ultrasound imaging of the carotid arteries was performed at baseline. Risk
factors for atherosclerosis were assessed. At follow up, data with regard to cardiovascular events
were collected from patient’s medical records. In 75 patients from this cohort who were willing to
participate B mode ultrasonography of the carotid arteries was repeated after a mean follow up of
7.0±0.7 years. As 7 year CIMT follow up data of a control population were lacking, we compared
CIMT data at both baseline and follow up with an age and sex matched control population.16 The
institutional review committee approved the protocol and an informed consent was obtained from
all participants. The study protocol conforms to the ethical guidelines of the 1975 Declaration of
Helsinki.

Clinical end points
Cardiovascular events were identified during follow up from patients’ medical records. The
composite cardiovascular endpoint included myocardial infarction (including acute coronary
syndrome, angina with documented ischemia and revascularization procedures) ischemic and
hemorrhagic cerebrovascular events as detected by CMR or CT imaging, surgery in case of aortic
aneurysms, and (sudden) cardiac death.



B mode ultrasonography of the carotid artery
B mode ultrasound images of the carotid arteries were acquired according to a standardized
protocol. Images were obtained from the right and left common carotid arteries, carotid bulbs and
internal carotid arteries. The mean CIMT was defined as the mean CIMT of the near and far walls
from both left and right carotid arteries. One well trained and experienced sonographer blinded to
all clinical information performed all measurements. An Acuson 128XP ultrasound instrument
(Acuson, Mountain View, CA) was used equipped with an L7 5 to 10 MHz linear array transducer and
extended frequency software. The images were analyzed by analysts who were blinded to all clinical
information.

Echocardiography
Echocardiograms were obtained with either a Vivid 3 or Vivid 7 (GE, Vingmed Ultrasound, Horton,
Norway). Images were obtained according to the ASE American Society. Anatomy of the aortic valve
and residual or recurrent gradients across the left ventricular outflow tract as well as ejection
fraction were determined. Aortic regurgitation and stenosis was assessed using multiple windows.17

Aortic regurgitation was classified as none or mild to moderate. A significant aortic valve gradient
was defined as a gradient over the aortic valve of at least 20 mmHg.18 Left ventricular mass was
calculated from M mode echocardiography tracings, using the Devereux formula, and indexed for
body surface area (BSA). Aortic root diameter and ascending aorta diameter were obtained from the
parasternal long axis view. The fractional shortening was calculated using M mode echocardio
graphy.

Ambulatory blood pressure monitoring
In all patients an automatic ambulatory blood pressure monitor (Spacelabs 90207, SpaceLabs Inc,
Redmond, WA) was placed on the right arm. Blood pressure was measured at regular intervals of 15
minutes at daytime and 30 minutes at nighttime. Patients were considered hypertensive when mean
daytime systolic blood pressure was 135 mm Hg and/or diastolic blood pressure was 85 mm Hg or
if patients were on anti hypertensive medication in accordance with the JNC 7 report.19;20

Cardiac magnetic resonance imaging (CMR)
CMR imaging was performed with a 1.5 Tesla MRI scanner with high power gradients (Siemens
Avanto, Erlangen, Germany). CMR was used to visualize the thoracic aorta. The largest diameter was
measured in the transverse aortic arch, the site of repair and the descending aorta at the level of the
diaphragm, using multiple image plane reconstruction (MPR) on screen. Both the transverse aortic
arch/diaphragmatic aorta and the site of repair/diaphragmatic aorta ratios were determined.
Recoarctation was considered to be more then mild when at least one of the following criteria was
met: hypertension and a resting blood pressure gradient 30 mmHg between right arm and leg, or
transverse aortic arch/diaphragmatic aorta ratio <0.7 or site of repair/diaphragmatic aorta ratio
<0.7.21 Furthermore the aortic arch morphology was assessed
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Statistical Methods
Data analysis was performed by means of the SPSS statistical package (16.0 for Windows; SPSS Inc.,
Chicago, Illinois, USA). Data are presented as mean ± SD, as median (range), or as number of patients
(percent). Comparisons of continuous variables between groups were made by two tailed, unpaired
Student’s t tests. Cox regression analysis was used to identify determinants for the occurrence of
cardiovascular events during the scheduled follow up period. Cumulative event rates were evaluated
using Kaplan Meier estimates and compared using the log rank test. Multiple imputations were used
to impute the missing CIMT values of 24 patients at baseline. Data as presented have been
performed without imputation. However, multiple imputation of missing CIMT values did not affect
the results. ROC analysis were used to determine the discriminative clinical CIMT cut off value for
clinical events in CoA, which was 0.8 mm. Linear regression analyses were used to identify
determinants for an increased CIMT at follow up and for an increased CIMT progression during
follow up. Multivariate stepwise regression analyses were performed using 0.1 as the criterion of
significance for removal of the variables and 0.05 for entry was used to identify independent
determinants the CIMT at the end of follow up.

Results
Patient population
Hundred and sixty adult CoA patients were included of which 103 (64%) were male with a median
age of 31.7 years (18 – 74 years) and a median age at repair of 5.3 years (0 – 37 years). Seventy one
percent underwent coarctation repair by end to end anastomosis, 13% patch angioplasty, 8%
subclavian flap angioplasty, and 7% graft interposition. Ninety four patients (59%) had a bicuspid
aortic valve (BAV). At baseline 80 (50%) of all patients suffered from hypertension, 50 patients (30%)
had increased total cholesterol levels and three (2%) patients suffered from diabetes. (Table 1)



Table 1. 

n = 160 Controls (n = 75) P Value

Age (years) NS

Male (60) NS

Body mass index (g/m²)  

 

 

 VSD*  

 Open ductus Botalli  

 

Age at repair (yrs)  

Type of repair  

 End to end anastomosis  

 Patch angioplasty  

 

 

 

 

 Patch aortoplasty  

 

Hypertension  

Smoking  

Diabetes  

Laboratory results  

 

 

 

 

Increased LV mass index (g/m²)§  

 

   

Clinical cardiovascular events
Clinical cardiovascular events occurred in 18 (11%) of all 160 CoA patients during 10 year follow up.
Of these patients, five patients (3%) had a myocardial infarction (of which two patients had a second
myocardial infarction), four patients (2.5%) had an ischemic cerebrovascular accident (of which three
patients had a second ischemic cerebrovascular event). Seven patients (4%) underwent surgery
because the presence of an aortic aneurysm. Sudden cardiac death was found in two patients (1%),
of which one patient after registered ventricular fibrillation. (Table 2)
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Event free survival in patients with and without an increased CIMT
ROC curve analysis revealed a clinical discrimitive CIMT cut off value of 0.80 mm for the clinical
events with an area under the curve (AUC) of 0.66 (95% CI = 0.49 to 0.84; p = 0.049), yielding a
sensitivity of 46% (95% CI = 19% to 87%) and a specificity of 87% (95% CI = 80% to 92%). Survival
analysis revealed that there was a significant difference in event free survival in patients with and
without an increased CIMT > 0.8 mm. Cumulative event free survival was significantly lower in
patients with a CIMT above 0.8 mm (P< 0.001, HR 9.98). (Figure 1)
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Figure 1: Percentage event free survival in patients with and without an increased CIMT > 0.80 mm.

Determinants for clinical cardiovascular events during follow up
Univariate cox regression analysis demonstrated that age (HR = 1.070; CI: 1.03 1.11, P < 0.001),
elevated total cholesterol levels (HR = 6.59; CI: 1.40 31.08, P = 0.017), CIMT (HR = 350.14; CI: 4.51
27170.8, P = 0.008) and an increased CIMT (> 0.8 mm) (HR = 11.55; CI: 1.55 3.31, P < 0.001) are
associated with the occurrence of cardiovascular events during follow up. Multivariate Cox

Table 2. 

5 3%

Cerebrovascular events

Ischemic 4 3%

Hemorraghic

7 4%

Sudden cardiac death 2 1%

Total 18 11%



regression analysis revealed that increased total cholesterol levels (HR = 4.95, CI P = 0.047) and an
increased CIMT (> 0.80 mm) (HR = 9.98, P < 0.001) were predictive for the occurrence of
cardiovascular events during follow up. (Table 3). Figure 2 demonstrates the strong correlation
between CIMT and age and the distribution of the cardiovascular events in the CoA population.

Table 3. 

 HR P Value HR P Value

Age (years)

Male

Body mass index (g/m²)

 VSD*

 Open ductus Botalli

Age at repair (yrs)

Type of repair

 End to end anastomosis

Hypertension

Smoking 

Diabetes

Laboratory results

 Elevated Triglyceride levels

Increased LV mass index (g/m²)§
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Figure 2: Correlation between age and baseline CIMT and the distribution of cardiovascular events in CoA.

CIMT progression over time in CoA
CIMT progression rates were determined in 75 patients (45 male (60%), median age of 30.6 years
(range 18 74 years) after a mean follow up of 7.0 ± 0.7 years. CIMT data of CoA patients at both
baseline and follow up were compared with an age and sex matched control group. Baseline CIMT
was 0.64 ± 0.12 mm in CoA versus 0.57 ± 0.07 mm (P = 0.005) in the control population. At follow up
CIMT was 0.70 ± 0.14 mm in CoA versus 0.65 ± 0.12 mm (P = 0.001) in the control population. (Figure
3) These findings demonstrate that signs of atherosclerosis appear significantly earlier in CoA as
compared to controls. Overall CIMT progression rates were similar in the CoA population and healthy
controls (0.00 91± 0.016 mm/year versus 0.0097±0.018 mm/year (P = 0.84)). CIMT progression rates
were significantly higher in hypertensive CoA as compared to normotensive CoA patients (0.0051 ±
0.017 mm/year vs. 0.0140 ± 0.01 mm/year P = 0.04). However, no difference was found in CIMT
progression rates between patients with and without a cardiovascular event. (0.015±0.0283 vs.
0.0094 ± 0.0177; P = 0.59). CIMT progression rates were highest in the common carotid artery with
0.0137 mm/year as compared to 0.0105 mm/year in the carotid bulb and 0.0086 mm/year in the
internal carotid artery. (Table 4)
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Figure 3: CIMT progression in CoA versus controls during 7 years follow up. Baseline CIMT was 0.64 ± 0.12 mm
in CoA versus 0.57 ± 0.07 mm (P = 0.005) in controls. At follow up CIMT was 0.70 ± 0.14 mm in CoA versus 0.65
± 0.12 mm (P = 0.001) in controls.

Table 4. 

 Baseline
(mm)  

Follow-up
(mm)  

IMT progression rate
(mm / year)

Mean CIMT*

CCA†

CB‡

ICA§   

Determinants for an increased CIMT progression rate during follow up
Univariate regression analysis demonstrated that the prevalence of hypertension (ß = 0.01, CI: 0.028
0.154, P = 0.02,) and the baseline CIMT (ß = 0.053, CI: 0.088 0.018, P = 0.004) were associated
with an increased CIMT progression rate. In multivariate analysis these findings were confirmed and
demonstrate that the prevalence of hypertension (ß = 0.01, CI: 0.003 0.019, P = 0.007) and the
baseline CIMT (ß = 0.06, CI: 0.09 0.022, P = 0.001) were independent determinants for the CIMT
progression rate. (Table 5)
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Discussion
This is the first study to quantify the cardiovascular event rate in CoA, which is as high as 11% during
10 year follow up. For the first time, the predictive value of IMT for the occurrence of cardiovascular
events is demonstrated. CoA patients with an increased CIMT > 0.8mm were at tenfold higher risk for
cardiovascular events. Moreover, this study demonstrates that the atherosclerotic process appears
significantly earlier in CoA patients as compared to healthy controls, while overall atherosclerosis
progression rates are similar.

Former studies have shown that late death in CoA is caused by cardiovascular complications
in 70% of all cases. In 25 37% of all cases this is particularly caused by coronary atherosclerosis.22 24

The present study showed that in the 21st century the cardiovascular burden with an event rate of
11% during 10 year follow up is still high in this young population. These findings are similar to
Roifman et al. who found a significantly higher prevalence of coronary heart disease in CoA patients
compared to patients with a ventricular septal defect of similar age. 25

The current study found a strong relation between CIMT measured at baseline in CoA
patients and the development of cardiovascular events in time. CoA patients with a CIMT above 0.8
mm demonstrated even a tenfold higher risk for cardiovascular events. After adjustment for
traditional risk factors as hypertension and dyslipidemia this relation remained significant. Recently

Table 5. 

Univariate

P Value P Value

BSA



Roifman et al. found in a nested case control study that aortic coarctation alone was not associated
with coronary artery disease after adjustment for other risk factors.25 These findings together
suggest that CIMT measurements in CoA patients will improve cardiovascular risk assessment.

It is well known that CIMT is a reliable marker to assess overall cardiovascular mortality and
morbidity due to atherosclerosis in patients with and without CoA.26;27 In CoA both structural and
functional vascular abnormalities have been found despite early and successful surgical repair. 8;28 32

These functional vascular abnormalities are thought to be pre dominantly present in the pre
coarctational aorta and is branches in CoA after both early and late repair.1;28;29;33 Vriend et al.
demonstrated significant structural abnormalities in both the carotid and femoral arteries reflected
by an increased IMT, independent of age at surgery and blood pressure.1 The effect of early repair on
the pre coarctational wall was limited, which points towards a developmental origin of the vascular
abnormalities of the proximal aorta and its branches.

The current data are in accordance with previous in vitro data by Sehested et al. which have
shown more collagen, less smooth muscle cells, and reduced contractility in the pre coarctational
wall compared to the post coarctational wall.31 These findings suggest that the abnormal properties
of the proximal arterial system cannot be attributed to the pre operative raised blood pressure
alone, but are possibly part of an innate and fixed vascular defect. .34 36 However, data on long term
consequences of these vascular and hemodynamic abnormalities on the process of arterial wall
change and atherosclerosis are scarce.

We found that the process of atherosclerotic disease expressed by CIMT appears significantly
earlier in CoA patients as compared to controls. On the other hand, the CIMT progression rates were
similar for both groups. The progression was significantly increased in hypertensive CoA patients and
was related to the baseline CIMT. However, the clinical implications of CIMT progression rates are of
limited clinical value.37

The association between CIMT and hypertension has been previously described in the
general population.38 The prevalence of hypertension is significantly higher in CoA patients.39

Hypertension functions as cause and effect in CoA, causing an increased arterial stiffness, whereas
structural vascular abnormalities are also contributing to the development of hypertension.26;31;40;41

These findings indicate that the hemodynamic effects serve as an additional attributor to vascular
damage on top of the innate vascular alterations of the proximal arterial system in CoA, which
exposes CoA patients to an increased risk for hypertension and cardiovascular complications.

The current observations of a high incidence of cardiovascular events and the atherosclerosis
appears earlier in CoA patients compared to healthy controls emphasizes the need for an adequate
cardiovascular risk assessment of these young patients. CIMT measurement next to standard clinical
care appears helpful in identifying patients with the worst prognosis. Close surveillance with strict
control of cholesterol levels, diabetes, smoking and blood pressure with tight anti hypertensive
treatment will reduce the risk for progression of atherosclerosis and cardiovascular events. The
effect of statin therapy on the vascular wall damage and cardiovascular risk in CoA is not known but
currently evaluated in a prospective randomized setting.42
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Limitations
The main limitation of this study is that 7 year CIMT follow up data of a control population were
lacking. Therefore, we compared CIMT data at both baseline and follow up with seperate age and
sex matched control populations.
A second limitation is that CIMT measurements were not available in 24 patients at baseline.
However, multiple imputations of these missing CIMT values did not affect the results.

Conclusion
The contemporary cardiovascular event rate in CoA patients is 11% in 10 years. Atherosclerosis
appears significantly earlier in CoA patients as compared to controls, while overall atherosclerosis
progression rates are similar. CoA patients with a CIMT exceeding 0.8 mm have a tenfold higher
cardiovascular risk. CIMT measurement appears to be a useful clinical tool to improve cardiovascular
risk assessment in CoA patients. A close surveillance and risk factor modification with special
attention for blood pressure is of major clinical importance to prevent cardiovascular complications
in CoA
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