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Abstract
Aims: Carotid intima media thickness (CIMT) is an established marker for atherosclerosis. Patients
after coarctation repair (CoA) demonstrate an increased CIMT compared to controls. The role of
statins on CIMT and cardiovascular risk in CoA is unknown.
Methods and Results: We designed a multicentre, prospective, randomized, open label trial with
blinded endpoint (PROBE design) to evaluate the effect of three year treatment with Atorvastatin 80
mg once daily on the change in CIMT and cardiovascular risk in CoA. The primary endpoint was CIMT
measured by B mode ultrasonography. Secondary outcome measures were mortality and morbidity
due to cardiovascular disease and serum lipids.

155 patients (36.3±11.8 yrs, 96 (62%) male) were randomised (Atorvastatin = 80, no
treatment = 75). There was no significant effect of Atorvastatin on the change in CIMT. (Treatment
effect 0.005, 95%CI, 0.039 – 0.029; P = 0.76). A significant effect on serum cholesterol and LDL
levels was found. ( 0.71, 95%CI, 1.16 0.26; P = 0.002 vs. 0.66 1.06 0.26; P = 0.001) There was no
difference in secondary outcome measures. Baseline CIMT was higher in hypertensive compared to
normotensive CoA. (0.69± 0.16 mm vs. 0.61±0.98 mm; P = 0.002). Hypertension (ß = 0.043, P = 0.031)
was the strongest determinant for the change in CIMT.
Conclusion: Three year treatment with Atorvastatin does not lead to a reduction of CIMT and
secondary outcome measures, despite a decrease in total cholesterol and LDL levels. Hypertensive
CoA patients demonstrate the highest CIMT and the largest CIMT progression. Blood pressure control
should be the main focus in CoA to decrease cardiovascular risk.
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Introduction
Aortic coarctation (CoA) is a typical discrete aortic narrowing distal to the left subclavian artery.1

Despite surgical or percutaneous repair, CoA patients demonstrate a significant premature morbidity
and mortality.2 4 Several studies have shown that the main cause of death in CoA is premature
coronary atherosclerosis.2;5 8

Carotid intima media thickness (CIMT) is known to be a reproducible marker for atherosclerosis
and is associated with future cardiovascular risk and the occurrence of cardiovascular events in the
general population.9 12 Previous studies demonstrated an increased CIMT in both children and adult
CoA patients, even in normotensive CoA and in those after early repair, which might reflect the
increased cardiovascular risk.13;14

In the general population, traditional risk factors such as hypertension and cholesterol levels
have been proven to be important determinants for CIMT progression.9;15 Moreover, LDL cholesterol
levels are one of the key determinants for CIMT as confirmed by a linear relationship between LDL
cholesterol levels and CIMT.16 A meta analysis across several trials demonstrated that statin therapy
resulted in an average decrease of CIMT progression of 0.012 mm/year together with a 52% risk
reduction for cardiovascular disease.17 18 Shukla et al demonstrated that low dose statins reduced
progression of atherosclerosis reflected by the change in CIMT over time in patients with acquired
coronary heart disease and normal lipid values independent of lipid lowering.19

Brili et al. demonstrated that four weeks treatment with Atorvastatin in CoA significantly
improved endothelial function and decreased serum levels of proatherogenic inflammatory
cytokines.20;21 These data are intriguing as CoA patients have increased circulating levels of
proinflammatory cytokines and adhesion molecules, which have a well established role in
atherogenesis development. 22 However, the benefit of statin treatment on the vascular wall and
cardiovascular risk in CoA patients has never been investigated. Therefore, the aim of our study was
to evaluate the beneficial effect of statin therapy on the change in CIMT over time in CoA. Secondary
endpoints included mortality and morbidity due to cardiovascular disease, aortic diameters, blood
pressure, and serum cholesterol levels.

Methods
Study overview
We designed a multi centre, prospective, randomized open label study with blinded endpoints
(PROBE design) to evaluate the effect of three year treatment with high dose Atorvastatin on the
change in CIMT in CoA. Six tertiary referral centres in the Netherlands participated in this trial.
Potential candidates were identified via the CONCOR database, a national database and DNA bank of
adult patients with congenital heart disease.23;24 The study complies with the Declaration of Helsinki;
locally appointed ethics committees have approved the research protocol and informed consent was
obtained from all subjects prior to their participation in the study. The trial design including the
power calculation is registered at: http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=1065.

Study population

Adult patients after successful coarctation (CoA) repair followed 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. If a patient met all 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.

Interventions
Participating patients randomized for medication started on study medication when all baseline
examinations had been performed. Patients in the Atorvastatin group started on 80 mg once daily.
After 3 months blood analyses were performed. The use of co medication during the study was
closely monitored.

Blinding and randomization
Patients were randomized according to a computer generated randomization sequence using
randomly permuted blocks of 6 or 4, stratified by site. Eligible patients were randomly assigned to
Atorvastatin 80 mg once a day or no prescription of Atorvastatin. If randomization indicated use of
Atorvastatin, medication was prescribed by the investigator. Patients obtained the prescribed
Atorvastatin from their local pharmacy.

Outcome Measures

At baseline study measures (i.e. medical history, physical examination, B mode ultrasonography of
the carotid arteries, 24 hour ambulatory blood pressure monitoring, echocardiography, exercise
testing, CMR imaging and blood analysis) were obtained in all participating patients. These study
measures were repeated after 3 years follow up. Physical examination and blood analysis were
repeated after 1.5 years follow up. Study protocols at baseline after 1.5 years and after three years
follow up were identical. Medical history included parameters such as; type of coarctation repair,

Table 1. Inclusion and exclusion criteria.

Inclusion criteria

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

Clinical data and definitions
B mode ultrasonography of the carotid artery (CIMT imaging)
CIMT imaging was performed at baseline and after three years follow up. Images were acquired
according to a standardized protocol, and obtained from the arterial wall segments of the right and
left common carotid arteries, carotid bulbs and internal carotid arteries. Two well trained and
experienced sonographers blinded to all clinical information performed all measurements
ultrasound scans. An Acuson 128XP ultrasound instrument (Acuson, Mountain View, CA) was used.
Standard views of 2 by 2 cm were imaged of each arterial segment were .saved as a DICOM still
image. All scans were analyzed off line in a core lab. Validated software was used (eTRack), as
extensively published before. The primary endpoint was defined as the per subject aggregate of
available IMT measurements at a given time point in the study.

Ambulatory blood pressure monitoring (24h ABPM)
All patients underwent 24h ABPM at baseline and at follow up. 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. Blood pressures were
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. 25

Exercise testing
Exercise testing was performed in all patients at baseline and was repeated after 3 years follow up.
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. Patients that were normotensive at rest and had a
maximal peak exercise systolic blood pressure >200 mmHg were considered to have exercise induced
hypertension.26 27

Cardiac Magnetic Resonance Imaging (CMR)
Cardiac Magnetic Resonance Imaging was performed in all patients at baseline and was repeated
after 3 years follow up. Image acquisition was performed by CMR angiography by using a 1.5 Tesla
scanner (Siemens Avanto, Erlangen, Germany). 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 used Impax client 6.0 (Leiden, NL).28



Blood analysis
At baseline blood analysis was performed and was repeated after 3 months, 1.5 years and at 3 years
follow up. Concentrations of the following parameters were recorded: C reactive Protein (CRP),
glucose, sodium, potassium, creatinine, urea, alanine aminotransferase, aspartate aminotransferase,
gamma GT, alkaline phosphatase, CPK, total cholesterol, HDL cholesterol, LDL cholesterol,
triglycerides. Patients did need to fast before blood samples were taken. All blood samples were
drawn and analysed locally.

Clinical endpoints:
In order to evaluate clinical outcomes cardiovascular endpoints were defined as follows; coronary
ischemia (including acute coronary syndrome, myocardial infarction, angina with documented
ischemia and revascularization procedures) ischemic and hemorrhagic cerebrovascular events,
surgery for aortic aneurysms, surgery for aortic recoarctation, new onset hypertension and (sudden)
cardiac death.

Statistical methods
Data are expressed as numbers with percentage, as mean with standard deviation, or median with
range, as appropriate. Changes between baseline and follow up were assessed for all patients in the
statin group and the group without treatment, using a two tailed paired t test or Wilcoxon matched
pairs signed ranks test where appropriate. Differences in outcome variables between intervention
and control group were assessed by Student’s independent t test or Mann Whitney U as appropriate.
Regression analyses were used to determine the most important determinants for the change in
CIMT over time in CoA. In these analyses, cardiovascular risk factors were selected on statistical and
biological grounds. For statistical analyses, PASW 18.0 (SPSS Inc., Chicago, Illinois) for Windows was
used. A 2 tailed p value of < 0.05 was used as a criterion for statistical significance.

Results
Study population
A total of 612 patients registered in the CONCOR database at time of inclusion were invited to
participate in the trial. Of all 612 patients, 155 patients signed informed consent and were enrolled
between October 2007 and October 2009. There were no significant differences between eligible
patients that consented and eligible patients that refused participation.6 Out of these 155 patients,
80 patients were randomly assigned to Atorvastatin treatment and 75 patients were assigned to no
treatment. Baseline characteristics are described in Table 2.

The primary endpoint (change in CIMT) could not be evaluated in 22 patients (Atorvastatin =
12 (15%), no treatment group = 10 (14%) as follow up CIMT was not performed. (Figure 1) Six
patients (7%) reduced their study medication to 40 mg once daily due to complaints of muscle pain.
Mainly due to practical issues concerning the planning of CIMT and CMR, follow up duration varied
from 2.3 years to 4.4 years, with a mean follow up of 3.3 years. The primary analysis was intention
to treat and involved all patients who were randomly assigned except those in whom the primary
endpoint could not be evaluated.
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Table 2. 

 

 P Value

Mean age 

Male

Diabetes
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Secondary outcome measures
Laboratory results:
Total cholesterol levels decreased from 4.55±0.93 mmol/l to 3.63±1.21 mmol/l (P < 0.001) in the
statin group and from 5.00±1.09 mmol/l to 4.93±1.20 mmol/l (P = 0.63) in the no treatment group,
with a within group difference of 0.71 mmol/l ( 1.16 0.26, P = 0.002). LDL cholesterol levels
decreased significantly in the statin group from 2.65±0.75 mmol/l to 1.81±1.12 mmol/l (P < 0.001)
compared to from 3.08±1.04 mmol/l to 3.07±97 mmol/l in the group without treatment (P = 0.95)
with a within group difference of 0.66 mmol/l ( 1.06 0.26, P < 0.001). No significant changes in
HDL cholesterol levels, serum triglycerides and CRP levels were found between the statin group and
the group without treatment.

CMR imaging:
The ascending aortic diameter changed from 29.3±5.5 mm to 29.6±8.3mm (P = 0.76) in the statin
group and from 31.7±6.9mm to 31.4±6.02 (P = 0.67) in the group without treatment. The within
group difference was 0.60mm ( 1.81 – 3.02) (P = 0.62). No significant differences were observed
between the statin group and the group without treatment regarding the change in aortic diameters
in the other segments of the aorta i.e. the aortic arch, coarctation repair site and descending aorta as
is depicted in (Table 3).

Ambulatory blood pressure measurements
The mean daytime systolic blood pressure changed from 132.4±14.0 mmHg to 131.1±22.0 mmHg (P =
0.64) in the statin group, and from 132.7±10.9 mmHg to 135.3±10.6 (P = 0.14). The within group
difference was 9.9mmHg ( 8.61 – 30.61) (P = 0.27). The mean daytime diastolic blood pressure
changed from 77.3±10.3 mmHg to 75.3±12.8mmHg (P = 0.32), and from 77.10±6.9 mmHg to 78.7±8.7
mmHg (P = 0.22) in the group without treatment. The within group difference was 5.83mmHg ( 6.02
– 17.05) (P = 0.35).

Clinical endpoints:
During the study period, the incidence of the composite endpoint was 15%. The most common
clinical event was new onset hypertension in our population occurring in 15 patients (10%), followed
by aortic aneurysm repair in 5 (3%), cerebrovascular accidents (of which both were transient
ischemic attacks) in 2 (1%) and recoarctation repair in 2 patients (1%). No coronary ischemia was
observed during follow up. There were no differences in clinical endpoints between the Atorvastatin
group and the no treatment group. (Table 4)

Table 4. Clinical cardiovascular events.

  P Value

Coronary ischemia 0 (0%) 0 (0%)

Cerebrovascular accident 0 (0%) 2 (3%) 0.23

1 (1%) 4 (6%) 0.16

7 (10%) 8 (13%) 0.45

2 (3%)  0 (0%) 0.24



Subgroup analysis:
In hypertensive CoA CIMT changed in the statin group from 0.70±0.14mm to 0.67±0.17mm (P = 0.10)
as opposed to from 0.69±0.14mm to 0.67±0.16mm (P = 0.11) in those without treatment. In
normotensive CoA CIMT changed in the statin group from 0.59±0.11mm to 0.56±0.21mm (P = 0.05)
as opposed to from 0.63±0.10mm to 0.57±0.11mm (P = 0.002) in those without treatment. The effect
of statin treatment on the change in CIMT over time was similar in hypertensive and normotensive
CoA. (0.005, 95%CI, 0.039 – 0.0500; P = 0.81 vs. 0.029 95%CI, 0.075 – 0.016; P = 0.20). The
treatment effect on the primary outcome measure, the change in CIMT, was not statistically
significant between subgroups. (Figure 3)

Difference 95% CI (sta�ns - no sta�ns)
Aor�c valve stenosis 0.0013 -0.0426 0.0453
No aor�c valve stenosis -0.0619 -0.1532 0.0292

Early repair 0.0030 -0.0367 0.0427
Late repair -0.0555 -0.1649 0.0539

complex CoA -0.0131 -0.0739 0.0475
simple CoA -0.0029 -0.0454 0.0395

0.0017 -0.0415 0.0449
Smoking -0.0202 -0.0798 0.0393
No Smoking

-0.0066 -0.0553 0.0421
Increased LDL cholesterol 0.0016 -0.0550 0.0582
Normal LDL cholesterol

0.0005 -0.0361 0.0362
Increased Total cholesterol -0.0160 -0.1031 0.0709
Normal Total cholesterol

-0.0348 -0.0800 0.0104
Hypertensive 0.0100 -0.0392 0.0500
Normotensive

Male -0.0167 -0.0830 0.0490
Female 0.0006 -0.0400 0.0410

Overall -0.0054 -0.0398 0.0290

       Favours sta�ns Favours no sta�ns

Figure 3: Difference in change in the change in CIMT during follow up between statin group and the group
without treatment and 95 percent confidence intervals per subgroup

Determinants for the change of CIMT during follow up.
In order to determine the most important traditional risk factors associated with the change in CIMT
during follow up we tested all risk factors that might affect CIMT change over time together with the
allocation (statin treatment or no statin treatment) in a univariate and multivariate model. Univariate
regression analysis revealed that age (ß = 0.001, P = 0.07), increased total cholesterol levels (ß = 0.03,
P = 0.07), hypertension (ß = 0.038, P = 0.058) and baseline CIMT (ß = 0.14, P = 0.01) were associated
with a significant change of CIMT during follow up. Multivariate regression analysis demonstrated
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that age (ß = 0.004, P< 0.001), hypertension (ß = 0.043, P = 0.031), and baseline CIMT (ß = 0.39, P <
0.001) were significantly associated with a significant change in CIMT over time. (Table 5)

Table 5. Predictors for an increased CIMT progression during follow-up.

CIMT progression

Univariate

P Value P Value

Age (yrs) 0.001 0.07 0.004 < 0.001

Hypertension at baseline and FU (> 140/90 mmHg) 0.04 0.05 0.043 0.031

Increased total cholesterol 0.03 0.07  

Smoking -0.11 0.54  

Baseline CIMT (mm) -0.14 0.01 -0.39 < 0.001

0.005 0.77   

Discussion
This is the first prospective multicenter randomized trial to evaluate the effect of three year
treatment with high dose statins in patients after successful coarctation repair. Treatment with high
dose Atorvastatin did not result in a beneficial effect on the overall change in CIMT. There was no
effect on mortality and morbidity due to cardiovascular disease, despite a significant decrease in
serum total cholesterol and LDL levels. Moreover, this study demonstrates that hypertension is the
most important determinant for the change in CIMT over time in CoA.

Previous studies have shown that long term statin treatment has a beneficial effect on CIMT
progression and cardiovascular risk in patients with acquired coronary artery disease (CAD). 17 18;19

Moreover, it has been shown that CIMT progression may serve as a reliable surrogate marker for
cardiovascular disease endpoints in several statin trials.11;29 The explanation for the limited effect of
three year intensive statin treatment on the vascular wall and cardiovascular risk in CoA seems to be
multifactorial.

First of all, this might suggest that the increased CIMT in CoA as described by Vriend et al. is
less severe in this relatively young population as compared to a cohort with familiar
hypercholesterolemia (FH) or patients after a myocardial infaction.14 The mean CIMT at baseline in
the Enhance trial in FH patients for example was 0.70 mm at baseline as compared to 0.67 mm in our
population.14

Secondly, the question rises whether the observed increased CIMT in CoA reflects a process
of atherosclerotic disease. Studies have shown a strong relation between CIMT and blood pressure
both in subjects with and without CoA.14;15;27 In the present study hypertension appeared to be the
strongest determinant for the change in CIMT over time in CoA, similar as in the general
population.30 32 These findings suggest that the observed increased CIMT in CoA might reflect
vascular wall hypertrophy due to pre operative and residual hypertension, as opposed to early
atherosclerosis.33 A recent meta analysis demonstrated that statins do not lower blood pressure in
normotensive and hypertensive patients34 However, data analyzing the effect of statins on CIMT in
hypertensive patients without CoA is lacking.



The third explanation for the limited effect of statins on CIMT relates to the hypothesis that the
increased CIMT in CoA might be part of an innate structural defect.14;35 The risk of CAD is usually
attributed to residual hypertension, intrinsic vascular reactivity abnormalities specific to CoA and
possibly endothelial dysfunction and increased proinflammatory cytokines.7;36 However, as some of
these abnormalities persist even after early repair without affecting the pre coarctational wall, these
vascular defects might be inherent and part of a developmental vascular defect.14;22;35 In the present
study, no significant change in CIMT was found in both the Atorvastatin group and the group without
treatment, during 3 year follow up. This observation suggests that the process of arterial wall change
in CoA might stabilize after repair and that the increased CIMT reflects both the innate abnormality
of the proximal large arteries and the additional effect of hypertension.

Although our study did not support a role for statin treatment in CoA patients, the increased
prevalence of CAD as reported by Roifman et al. might suggest a possible role for statins as primary
prevention.7 However, CoA was not an independent risk factor for CAD after adjustment for the well
known cardiovascular riskfactors.7 Therefore, blood pressure regulation in these patients seems
more appropriate than treatment with statins in CoA.

Limitations
Due to the fact that aortic coarctation is a relatively rare anomaly, it remains difficult to evaluate
hard clinical endpoints such as death or hospitalization in this relatively small population. However,
our study population is by far the largest CoA population to participate in a randomized clinical trial
to date.

A second limitation is the systematic error in CIMT measurements observed in this study. This
measurement error might be caused by the fact that CIMT images were analyzed directly after the
examination was performed, instead of analyzing all data at once at the end of follow up. However,
data were analyzed consecutively and blinded and therefore have not affected the longitudinal
effects of lipid modifying therapy between groups.

Conclusion
Three years of intensive treatment with high dose Atorvastatin did not result in a significant
beneficial effect on the change in CIMT or on mortality and morbidity due to cardiovascular disease,
despite a significant decrease in serum total cholesterol and LDL levels. Moreover, this study
demonstrates that hypertension is the most important determinant for the change in CIMT over time
in CoA. Targeting cardiovascular risk factors with special attention to blood pressure is of major
clinical importance and might prevent vascular wall damage and future cardiovascular events. A
more vigilant follow up of blood pressure along with future trials focused on blood pressure control
are required to decrease cardiovascular risk in CoA.
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