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Abstract
Background: HMG coA reductase inhibitors (statins) have been proven to reduce atherosclerosis
progression as observed by carotid intima media thickness in patients with known coronary heart
disease, independent of lipid lowering. Cardiovascular complications are common in patients after
successful coarctation repair. The effect of statins on cardiovascular risk in adults after successful
coarctation repair has not yet been established.

Methods: We designed a multicentre, prospective, randomized, open label trial to evaluate the
effect of the HMGcoA reductase inhibitor (Atorvastatin) on atherosclerotic progression in adult post
coarctectomy patients. The primary endpoint in this study is the carotid intima media thickness as
measured by Bmode ultrasonography of the carotid arteries.

Conclusion: This large prospective, randomized, open label trial will establish the effect of HMG coA
reductase inhibitors (Atorvastatin) on cardiovascular risk in adult patients after successful coarctation
repair.
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Introduction
Coarctation of the aorta is typically a discrete narrowing of the thoracic aorta just distal to the left
subclavian artery. Coarctation of the aorta is a common malformation, accounting for 6 to 8 percent
of all congenital heart defects. 1;2 Without surgical repair, average life expectancy in coarctation
patients is 35 years, with 90% of the patients dying before the age of 50 years.3 Although life
expectancy has dramatically improved since the advent of corrective surgical techniques,
complications are common and mortality is increased in these patients. 3;4 Age at repair is a
significant contributor to survival in coarctation patients, and early repair is recommended.5;6 Despite
early and successful repair, coarctation patients appear to have persisting vascular abnormalities
such as impaired endothelial function and abnormal elastic properties of large vessels, especially at
the pre coarctation vascular tree.7 12

The most common cause of this premature death is coronary artery disease, followed by
sudden death, heart failure, cerebrovascular accidents and ruptured aortic aneurysms. In 25 37% of
the cases, late death is caused by coronary atherosclerosis.5;13;14 Hypertension and left ventricular
hypertrophy are among the factors that contribute to premature death of coronary and
cerebrovascular disease in patients after surgically repaired coarctation. Although blood pressure
typically falls after successful repair, persistent or recurrent hypertension and disproportionate
systolic hypertension with exercise are not uncommon. 15 17

The previously described increased risk for coronary atherosclerosis in coarctation patients
as compared to the healthy population is reflected by an increased carotid intima media thickness
(CIMT) as described in a recent report from our institution.10;12 CIMT is nowadays considered a
reproducible endpoint for atherosclerosis, and was significantly increased in both normotensive and
in hypertensive post coarctectomy patients.12 In a previous study by Shukla et al, it was shown that
low dose HMG coA reductase inhibitors (statins) reduced progression of atherosclerosis as observed
by carotid CIMT in patients with known coronary heart disease and normal lipid values independent
of lipid lowering. This study favours the use of this statin therapy in patients with normal cholesterol
levels.18 In addition pleiotropic effects of statin therapy include improvement of endothelial
dysfunction, anti inflammatory properties and stabilization of atherosclerotic plaques.19;20 Statin
treatment might prevent additional damage and progression of existing damage in the main arteries
in adult post coarctectomy patients. However, the benefit of statins on cardiovascular risk in patients
after successful coarctation repair has never been evaluated. A large prospective sufficiently
powered intervention trial evaluating the use of statins in adult post coarctectomy patients is
warranted.

Methods
Study overview
We designed a multi centre, prospective, randomized open label study with blinded endpoints
(Probe design) to evaluate the effect of the HMG coA reductase inhibitor (Atorvastatin) on
atherosclerotic progression in adult post coarctectomy patients. The study is being conducted in 6
tertiary referral centres in the Netherlands. The protocol has been approved by the institutional
ethics committees of the participating centres. The authors are solely responsible for the design and
conduct of this study; all study analyses, the drafting and editing of the paper, and its final contents.
The study is supported by an unrestricted educational grant provided by Pfizer B.V., The Netherlands.



The trial is registered at http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=1065. A flowchart
of the study design is shown in figure 1.

Objectives:
Primary objective: The main objective of this study is to assess whether statin therapy reduces the
progression of CIMT (atherosclerotic disease) as measured by B mode ultrasonography of the carotid
arteries, in patients after successful coarctation repair.
Secondary objective: The second objectives are to assess whether statin treatment influences:

Mortality and morbidity due to cardiovascular disease (i.e. myocardial infarction, cerebrovascular
accidents, aortic complications and heart failure).

The concentration of serum lipids.
Liver and renal function.
Persistent or recurrent hypertension and the exaggerated rise in systolic pressure in response to

exercise.
Pulse wave velocity through the aorta.
Quality of life.

Study selection

Patients 18 years old after successful coarctation repair who were treated in one of the
participating centres (Academic Medical Centre Amsterdam, VU University Medical Centre
Amsterdam, University Medical Centre Utrecht, Radboud University Medical Centre Nijmegen,
University Medical Centre Groningen and Leiden University Medical Centre) were eligible to
participate in the study. Inclusion and exclusion criteria are detailed in Table 1.

Potential candidates were identified via the CONCOR database, a national database and DNA
bank of adult patients with congenital heart disease.21 If a patient met all the inclusion and none of
the exclusion criteria, the patient was invited to the outpatient clinic for a detailed explanation of the
study and asked for informed consent.
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Table 1. Inclusion and exclusion criteria.

Inclusion criteria

Exclusion criteria

Randomization
Eligible patients were randomly assigned to Atorvastatin 80 mg once a day or no prescription of
statins (no placebo) using randomly permuted blocks of 6 or 4, stratified by site. If randomization
indicates use of Atorvastatin, the investigator prescribed the medication to the patient. Patients
obtained the prescribed Atorvastatin from their local pharmacy.

Study Medication
Patients in the Atorvastatin group started on 80 mg once daily. After 3 months blood analysis were
performed. Other medication was noted, but continued. For each individual safety of Atorvastatin
use in combination with other drugs was evaluated.
Trial medication was ceased if any of the following events occurred:

Raised plasma transaminase levels > three times limiting value.
Symptoms of decreased liver function: icterus, discoloured stools, dark urine.
Raised CPK level > five times limiting value.
Myopathia.
In the occurrence of any of the events stated above the patient can contact their treating

physician or the principal investigator of any of the participating centres.

Outcome Measures

At baseline study measures (i.e. Medical history, physical examination (including weight, height and
BSA), B mode ultrasonography of the carotid arteries, electrocardiography, 24 hour ambulatory
blood pressure monitoring, echocardiography, exercise testing, CMR, blood analysis, and quality of
life questionnaires) were obtained in all participating patients. These study measures will be
repeated after 3 years follow up. Physical examination, B mode ultrasonography of the carotid
arteries, electrocardiography, echocardiography, blood analysis and quality of life questionnaires will
be repeated after 1.5 year. (Figure 1) Medical history included parameters such as; type of



coarctation repair, age at repair, the presence of associated congenital cardiac abnormalities, re
operation, medical therapy and cardiovascular disease risk factors.

Figure 1: Flow diagram for the trial. B mode CIMT, B mode ultrasonography of the carotid arteries; ECG,
Electrocardiogram; 24h ABPM, 24 hour ambulatory blood pressure monitoring; CMR, cardiovascular magnetic
resonance imaging; PWA, pulse wave anlysis; QOL, quality of life questionnaires.

Clinical data and definitions
B mode ultrasonography of the carotid artery
CIMT measurements were performed in all patients at baseline and will be repeated at 1.5 year and
after 3 years follow up to establish the primary end point. B mode ultrasound images of the carotid
arteries were acquired according to a standardized protocol. Images were obtained from the arterial
wall segments of the right and left common carotid arteries, carotid bulbs and internal 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. Standard views of
2 by 2 cm were imaged. The views were saved as 4:1 compressed JPEG files. Validated hardware and
software was used for image analyses. The images were analyzed by analysts who were blinded to all
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clinical information. To facilitate statistical analysis, the mean CIMT (from the right and left common
carotid artery, carotid bulb and internal carotid artery) was defined as the mean CIMT of the near
and far walls both left and right.

Electrocardiography
A 12 lead ECG was registered at baseline, and will be repeated at 1.5 year and after 3 years follow
up.

Ambulatory blood pressure monitoring
All patients underwent 24 hour ambulatory blood pressure monitoring at baseline and
measurements will be repeated at the end of follow up.

Systolic and diastolic blood pressures were assessed on the right arm after a 5 minute rest
period, by using an aneroid sphygmomanometer (Speidel and Keller Maximstabil 3, Welch Allyn,
Jungingen, Germany). The average of three measurements was considered as rest blood pressure. In
all patients an automatic ambulatory blood pressure monitor (Spacelabs 90207, SpaceLabs Inc,
Redmond, WA) was placed on the right arm. The right arm was used to avoid operation related
blood pressure disturbances. Systolic and diastolic blood pressures and heart rate were recorded
over at least 24 hours. Blood pressures were measured at regular intervals of 15 minutes at daytime
and 30 minutes at nighttime. Patients kept an activity diary, including the amount of time they slept.
Ambulatory blood pressure studies were performed with the monitor display switched off, to avoid
that blood pressure readings were affected by the patient’s anticipation. Ambulatory blood pressure
monitoring was only considered acceptable, when at least 85% of the measurements were
successful. 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 Seventh Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7 Report).22

Echocardiography
All patients underwent an echocardiographic examination at baseline, at 1.5 year and at 3 year
follow up. Echocardiography was performed with a Vivid 7 (GE, Vingmed Ultrasound, Horton,
Norway) ultrasound images system. The echocardiogram performed the closest to the concomitant
CMR was analyzed. Aortic root diameters were measured in end diastole at the level of the sinus of
Valsalva. The aortic dimensions were measured using the leading edge to leading edge technique
according to the recommendations of the American Society of Echocardiography.23;24 Anatomy of the
aortic valve and residual or recurrent gradients across the left ventricular outflow tract as well as
ejection fraction were determined. The diagnosis of BAV was made when 2 aortic cusps were clearly
identified in the short axis, with partial or complete fusion of 2 aortic valve leaflets resulting in either
partial or complete absence of a functional commissure between fused leaflets.25 Aortic regurgitation
and stenosis was assessed using multiple windows.26 Aortic regurgitation was classified as none or
mild to moderate. Patients were considered to have a significant gradient when we observed a
gradient over the aortic valve of at least 20 mmHg.27 Left ventricular mass was calculated from M
mode echocardiography tracings, using the Devereux formula, and indexed for BSA. An increased LV



mass was defined as 101 g/m² for women and 117 g/m² for men, and was determined according to
the baseline echocardiographic investigation.

Exercise testing
Exercise testing was performed in all patients at baseline and will be repeated after 3 years follow
up. Before the start of the exercise test, supine systolic and diastolic blood pressure was measured
on the right arm after a 5 min rest period, using an aneroid sphygmomanometer (Speideland Keller
Maxistabil 3).

The arm leg ratio was calculated after the systolic blood pressure in the right leg was
determined by palpation of the posterior tibial artery. All patients underwent a maximal, symptom
limited, standardized treadmill exercise test, following the Bruce protocol. During the exercise test,
blood pressure was measured at regular intervals of 3 min by conventional sphygmomanometry. The
operator was unaware of the results of the 24 h blood pressure measurements. Patients with a
maximal peak exercise systolic blood pressure >200 mmHg were considered to have exercise induced
hypertension.

Cardiac Magnetic Resonance Imaging (CMR)
Cardiac Magnetic Resonance Imaging was performed in all patients at baseline and will be repeated
at 3 years follow up. Image acquisition was performed by cardiovascular magnetic resonance
angiography by using a 1.5 Tesla scanner (Siemens Avanto, Erlangen, Germany). To visualize the
entire aorta, a three dimensional T1 weighed spoiled gradient echo sequence was used after
administration of intravenous Gadolinium. This resulted in a three dimensional representation of the
entire aorta. Diameters were determined in the ascending aorta at the level of the right pulmonary
artery, distal transverse aortic arch, coarctation site, descending aorta, and at the level of the aorta
diaphragm. The diameter of the ascending aorta at the level of the right pulmonary artery was used
as the standard data acquisition point for the ascending aorta. For CMR analyses, two independent
observers (RF, PL) used Impax client 6.0 (Leiden, NL). Furthermore the aortic arch morphology was
assessed.28

Pulse wave analysis (PWA)

The PWA measurements were performed in 124 (80%) of the patients and will be repeated at 1.5
years, and after 3 years follow up by the Sphygmocor device and the Millar tonometer (SPC 301,
Millar Instruments). To determine pulse wave velocity (PWV), pressure waveforms were recorded at
the carotid and radial artery sequentially. Wave transit time was calculated by the SphygmoCor
(version 8, AtCor) system software, using the R wave of a simultaneously recorded ECG as a
reference frame. Surface distance between the two recording sites was measured, thus allowing
PWV to be determined. The measurements were performed both on the left and right side. For every
two patients in whom this measurement was performed, one control was recruited. Controls are age
and gender matched healthy volunteers. Eligible volunteers received a letter with information about
the purpose of the study and the Pulse Wave Analysis.
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Blood analysis
At baseline blood analysis were performed in all patients at baseline, and will be repeated after 3
months, 1.5 years and at 3 years follow up. Concentrations of the following parameters were
recorded: haemoglobin, hematocrit, C reactive Protein (CRP), leucocytes, thrombocytes, glucose,
sodium, potassium, creatinine, urea, alanine aminotransferase, aspartate aminotransferase, gamma
GT, alkaline phosphatase, CPK, total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides.
Patients do need to fast before blood samples are taken. All blood samples are drawn and analysed
locally.

Statistical analysis
Sample size calculation was based on the primary endpoint (per subject averaged carotid mean IMT);
a standard deviation (of the means of the difference of paired replicate observations) of 0.10 mm;
and a considered clinically relevant difference of 0.05 mm carotid IMT between groups (2 sided
alpha=0.05; beta=0.2). Based on these assumptions we calculated that 128 patients are required to
obtain 80% power to detect a difference of 0.05 mm in IMT between the treatment groups. To
accommodate for a 10% drop out, the inclusion of at least 150 patients was advised.29 For statistical
analyses, SPSS 16.0 (SPSS Inc, Chicago, IL) for Windows is used. A 2 tailed probability value of < 0.05
is used as a criterion for statistical significance. Descriptive data will be presented as number with
percentage, mean with SD or median with range, as appropriate. The primary analysis will be
according to the intention to treat principle. Chi square for qualitative data and independent t tests
for quantitative data will be applied to detect differences between the statin group and the
untreated group at baseline. If there are significant differences between groups on parameters that
could influence study outcome, we will perform covariate adjusted comparisons as a secondary
analysis. Differences between baseline and follow up between groups will be assessed using a paired
t test. To detect differences in the end points between the statin group and the untreated group will
be determined by a Chi square or independent t test. A probability value of p < 0, 05 is considered
significant.

Time line and trial management
Patients were enrolled in the study from October 2007 until April 2010. Of the 690 eligible patients,
160 patients gave informed consent. There were no significant differences between eligible patients
that consented and eligible patients that refused participation. (Table 2) Of all patients that signed
informed consent, 9 (5 %) discontinued their involvement before the end of the study at 3 year
follow up. Reasons for discontinuation included myopathia and pregnancy wish. Table 2 summarizes
the baseline characteristics of the study population.



Discussion
This is the first prospective multicenter, randomized trial to evaluate the effect of statin treatment
on the carotid intima media thickness in patients after successful repair of aortic coarctation.

Previously, aortic coarctation has been considered to be a surgically correctable lesion, and
often patients were discharged form cardiological care. Despite the improved survival in these
patients after repair, survivors still have decreased life expectancy, with cardiovascular complications
as the main cause. Currently it is evident that a meticulous surveillance of these patients by a
cardiologist specialised in the field of congenital heart disease is warranted. Due to the high
cardiovascular risk in these patients, thorough risk assessment for coronary artery disease is
necessary in these patients, and therapy should be focused on modifying these risk factors.
Treatment of hypertension should begin with recommendations to improve lifestyle such as diet,
weight control and exercise, and if uncontrolled medical treatment should be initiated.15

Considering anti hypertensive treatment, diuretics and beta blockers are recommended and
several trials indicate that renin angiotensin aldosteron system inhibitors may have a protective
effect, besides the lowering effect on blood pressure.
Organ damage in coarctation patients i.e. an increased left ventricular mass, left ventricular systolic
and diastolic dysfunction and structural and functional abnormalities of the proximal arteries and its
branches persist even after successful repair, even in normotensive patients.9;30 32 These findings
advocate the use of RAAS inhibitors in these patients, for they may benefit from the protective
effects.

However, the protective effect of statins on vascular function in coarctation patients has
never been evaluated. Today, carotid IMT is the most widely used non invasive measure for
atherosclerosis, to quantify the extent of subclinical disease and to monitor change over time.
Several cohort studies in subjects with and without vascular disease or cardiovascular risk factors
have been performed, and consistently demonstrated that an increased CIMT is related to an
increased cardiovascular risk. Several studies have shown that low density lipoprotein (LDL) lowering
has a beneficial effect on CIMT and on the change in ateroma volume as determined with a
miniaturised intra coronary ultrasound device as used in the IVUS study. These studies demonstrate
the concordance between trial outcome as determined by ultrasonic wall measurements in the
carotid and coronary arteries, and by clinical outcome.33 35 A meta analysis across several trials
demonstrated that statin therapy was associated with an average decrease of CIMT progression of
0.012 mm/year. Moreover, a risk reduction of 52% for cardiovascular disease (CVD) events was
found. In this analysis, CIMT benefit was linked to the reduction of cardiovascular events.36 Several

Table 2. 

Eligible  

 Consent No Consent P Value

 Male

 Female

Male
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intervention studies established for CVD risk factors have shown a significant effect on CIMT
progression within 12 18 months, with results consistent with clinical event trials.35 These findings
demonstrate the wealth of experience with external carotid ultrasound, as a validated imaging
technique for the qualification of , and the effect of intervention on subclinical atherosclerosis. The
increased carotid and femoral IMT that has been demonstrated in coarctation patients, despite early
and successful repair, reflects the increased cardiovascular risk in these patients.12;37;38 The fact that
early repair seems to protect postcoarctation arterial wall structure, but demonstrates only limited
effects on precoarctation vessel wall, supports the theory of a developmental defect of the proximal
aorta and its branches.12 The developmental abnormalities are accompanied by vascular
abnormalities such as an impaired endothelial function and abnormal elastic properties of large
vessels, especially at the pre coarctational tree.7 12 A recent meta analysis in familial
hypercholesterolemia (FH) patients demonstrated that statin treatment is associated with significant
improvement of arterial structure and endothelial function. 39 Furthermore, it is known that the
pleiotropic effects of statins include improvement of endothelial dysfunction, antioxidant effects,
anti inflammatory properties and stabilization of atherosclerotic plaques, and may be unrelated to
the cholesterol lowering properties of the drugs.19;20 These findings indicate that coarctation patients
may benefit from the pleiotropic effects of statin treatment, in addition to the cholesterol lowering
effects. However, the effect of statins on endothelial function in patients after coarctation repair
remains unknown.

This study aims to provide further insights in the effect of statins (Atorvastatin) on
atherosclerosis progression, and vascular function, and overall cardiovascular risk in adult patients
after successful coarctation repair.

Limitations
One limitation of this study is that we did not measure HbA1c levels, but that we measured fasting
glucose levels at baseline, 1.5 year and 3 year follow up. It might have been more accurate to use
HbA1c to assess the effect of glucose levels on cardiovascular risk in these patients.

Conclusion
This multi centre, prospective, randomized open label study with blinded endpoints may establish
the role of statins (Atorvastatin) in the treatment of patients after successful repair of aortic
coarctation, and might provide these patients with a reduction of the increased risk of cardiovascular
disease.
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