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Abstract
Background: Chronic hypertension is a major concern in adults who had resection of coarctation of
the aorta (CoA) in childhood. In otherwise healthy subjects, exercise induced hypertension is
prognostic for chronic hypertension. However, the prognostic value in CoA patients remains
unknown. The aim of this study was to evaluate the predictive value of exercise induced
hypertension for chronic hypertension in these patients.

Methods: In this prospective follow up study, 74 CoA patients (58% male; age 30.9±9.5 years)
underwent ambulatory BP (BP) monitoring, and exercise testing twice between 2001 and 2009 with a
follow up of 6.3±0.8 years. Hypertension was defined as mean systolic BP 140 mmHg and/or mean
diastolic BP 90 mmHg, or on anti hypertensive treatment. Exercise induced hypertension was
defined as mean systolic BP <140 mmHg, and peak exercise systolic BP 200 mmHg.

Results: At baseline, 27 (36%) patients were hypertensive, 11 (15%) exercise induced hypertensive,
and 36 (49%) normotensive. At follow up, all 27 hypertensive patients remained hypertensive. Seven
exercise induced hypertensive patients (64%) had developed chronic hypertension, whereas 4 (36%)
remained exercise induced hypertensive. Seven normotensive patients (19%) had developed
hypertension. Twelve (33%) had developed exercise induced hypertension, whereas 17 (47%)
remained normotensive. In multivariate analysis baseline maximal exercise systolic BP was
independently associated with mean systolic BP at follow up (ß = 0.13, P = 0.005).

Conclusion: In conclusion maximal exercise systolic BP is a predictor for chronic hypertension in CoA
patients. These findings demonstrate the clinical importance of exercise induced hypertension, and
warrant further study into the long term consequences of exercise induced hypertension and the
potential beneficial role of early anti hypertensive treatment in adult post coarctectomy patients
with exercise induced hypertension.
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Introduction
In otherwise healthy subjects, hypertension is a major predictor of adverse outcomes including heart
failure, stroke, renal disease and peripheral vascular disease.1 Normotensive subjects with an
exaggerated BP response on exercise are at three times greater risk of future development of
hypertension compared to subjects with a normal BP response on exercise.2;3 Swan et al discouraged
the use of exercise testing in CoA patients, because no difference was found in peak exercise BP
between CoA patients and controls.4 This is in contrast with previous studies in which maximal
exercise systolic BP in CoA patients has shown to be strongly associated with mean daytime systolic
BP at ambulatory BP monitoring.5;6 Furthermore, exercise induced hypertension is associated with an
increased common carotid intima media thickness (CIMT) in CoA patients, which is a validated
reproducible end point for atherosclerosis.7;8 Therefore, several authors have suggested that patients
with exercise induced hypertension might be amenable to antihypertensive medication or limitation
of strenuous physical activity.7;9 However, the usefulness of exercise testing and the validity of
exercise induced hypertension in the follow up of CoA patients is unknown. We designed a
prospective follow up study to assess the predictive value of exercise induced hypertension for the
development of chronic hypertension in adult post coarctectomy patients over time.

Methods
In 2001, 74 adult post coarctectomy patients from two tertiary referral centers were included in this
prospective follow up study. Patients were recruited from the CONCOR database, a Dutch National
registry and DNA bank for adult patients with congenital heart disease.10 Patients underwent
ambulatory BP monitoring, and exercise testing twice between 2001 and 2009 with a mean follow up
of 6.3±0.8 years. All examinations were performed in one institution. Echocardiography and an
exercise test were performed after the ambulatory BP monitoring device was removed. Medical
records of the patients such as age at surgery, type of surgery and history of recoarctation were
reviewed. The institutional review committee approved the protocol and informed consent was
obtained from all participants.

Ambulatory blood pressure monitoring (ABPM)
Systolic and diastolic BP 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 BP. In all patients an
automatic ambulatory BP monitor (Spacelabs 90207, SpaceLabs Inc, Redmond, WA) was placed on
the right arm. The right arm was used to avoid operation related BP disturbances. Systolic and
diastolic BP and heart rate were recorded over at least 24 hours. BP was 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 BP studies were performed with the monitor
display switched off, to avoid that BP readings were affected by the patient’s anticipation.
Ambulatory BP monitoring was only considered acceptable, when at least 85% of the measurements
were successful. Patients were considered hypertensive when mean daytime systolic BP was 140
mm Hg and/or diastolic BP was 90 mm Hg6, or if patients were on anti hypertensive medication on
the discretion of the treating physician.



Exercise testing
Before the start of the exercise test, supine systolic and diastolic BP 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 BP 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, BP was measured at regular
intervals of 3 min by conventional sphygmomanometry. The operator was unaware of the results of
the 24 h BP measurements. Exercise induced hypertension was defined as a mean daytime systolic
RR <140 mmHg, and/or a peak exercise systolic RR 200 mmHg.6

Echocardiography
Echocardiography was performed with a Vivid 7 (GE, Vingmed Ultrasound, Horton, Norway)
ultrasound images system. Anatomy of the aortic valve and residual or recurrent gradients across the
left ventricular outflow tract were determined. The diagnosis of a bicuspid aortic valve (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. Aortic stenosis was assessed using multiple windows.11 Patients were
considered to have a significant gradient when we observed a gradient over the aortic valve of at
least 20 mmHg.12 Left ventricular mass was calculated from M mode echocardiography tracings,
using the Devereux formula, and indexed for body surface area. An increased LV mass index was
defined as 101 g/m² for women and 117 g/m² for men, and was determined according to the
baseline echocardiographic investigation.

Statistical analysis
Data analysis was performed using the SPSS statistical package (16.0 for windows; SPSS Inc., Chicago,
Illinois, USA). Data are presented as mean value ± standard deviation, or in case of a skewed
distribution as median (range), or as number of patients (percent). Values were considered
statistically significant at P < 0.05.

Comparisons between continuous variables were made by two tailed Student t tests. Linear
regression analysis was used to indentify determinants for mean daytime systolic BP and left
ventricular mass index. Multivariate stepwise regression analyses were performed using 0.05 as the
criterion of significance for entry of the variables and 0.1 for removal, and were used to indentify
independent determinants of mean daytime systolic BP at ambulatory BP monitoring and left
ventricular mass index at follow up.
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Results
Seventy four post coarctectomy patients were included, 45 male (61%), with a mean age of 30.9 ±
9.5 years, mean age at repair 8.0 ± 6.8 years. (Table 1) The mean follow up period was 6.3 ± 0.8
years. No patients with anomalous right subclavian arteries coming off the descending aorta were
included. Fourty five patients (59%) had a bicuspid aortic valve. All patients with an aortic valve
gradient above 20 mmHg were BAV patients. Thirty patients (42%) had an increased left ventricular
mass at baseline. Five patients (9%) underwent repeat surgery in the past, of which 2 (3%) because of
recoarctation and 3 (4%) because of aortic aneurysm formation. Two patients underwent
transcatheter interventions because of recoarctation in the past. All patients were considered to be
successfully repaired, and without recoarctation, as assessed by CMR imaging at the end of follow
up. Ambulatory and exercise BP readings were successful in all patients. At baseline 27 patients
(36%) had chronic hypertension, based on ambulatory BP monitoring, their medical history and anti
hypertensive treatment; 11 patients (15%) had exercise induced hypertension, and 36 patients (49%)
were normotensive. At the end of the follow up, 41 patients (55%) were diagnosed with
hypertension, 16 patients (22%) had exercise induced hypertension and 17 patients (23%) were still
normotensive. (Figure 1) Seven patients (64%) with exercise induced hypertension developed
chronic hypertension, whereas 4 exercise induced hypertensive patients (36%) remained exercise
induced hypertensive. Seven normotensive patients (19%) had developed hypertension; 12
normotensive patients (33%) developed exercise induced hypertension, whereas 17 normotensive
patients (47%) remained normotensive. However, no significant difference was found in mean
daytime systolic BP at ambulatory BP monitoring at the end of follow when comparing the patients
with , and without exercise induced hypertension at baseline. (P = 0.26)

Table 1. 

Overall
n = 74

Normotensive
n = 36

X-hypertensive
n = 11

Hypertensive
n = 27

Male

0 0 0

0 0

0

0

0

0
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Discussion
This is the first prospective follow up study, which demonstrates the predictive value of exercise
induced hypertension for the development of chronic hypertension as assessed by ambulatory BP
monitoring in adult post coarctectomy patients. Previous research in otherwise normal,
normotensive subjects with exercise induced hypertension has shown that these patients are at
increased risk to develop chronic hypertension when compared to those with a normal BP response
on exercise. The underlying mechanism in these normal individuals is thought to be dysregulation of
vascular function.2;3;13 Likewise, in adult post coarctectomy patients exercise induced hypertension is
a well known complication and has been frequently described.5 7;14;15 In a previous cross sectional
study we showed that exercise induced hypertension was independently associated with mean
daytime systolic BP at ambulatory BP monitoring.6 It is thought that exercise induced hypertension in
CoA patients is caused by diminished arterial wall compliance and increased rigidity due to the
structural abnormal precoarctational wall, with more collagen and less smooth muscle tissue.16

Furthermore, it is hypothesized that the abnormal tissue in the precoarctational wall influences
baroreceptor activity in the upper vascular bed which might explain the pre and post operative
hypertension.6;17 20 The prognostic significance of exercise induced hypertension in CoA patients is
unknown. This is the first to assess the prognostic value of exercise induced hypertension in these
patients.

In this prospective follow up study a total of 27 (35%) patients were diagnosed as
hypertensive at baseline and 41 (55%) at the end of follow up based on clinical history, ambulatory

Table 2. 

  

 
analysis

 
analysis

 
analysis

 
analysis

Sex

      



BP monitoring and anti hypertensive treatment. These findings are in accordance with the high
prevalence of hypertension in coarctation patients, which is related to age at repair and duration of
follow up as described in previous studies. Despite the recommendations and benefit of early repair,
the prevalence of hypertension is still high in CoA patients. Hypertension is often already present in
early childhood in the absence of significant aortic arch obstruction, even in early operated patients
on before the age of 1 year.6;21 23

In this study, we found the maximal exercise systolic BP at baseline to be predictive for an
increased systolic BP at ambulatory blood pressure monitoring at the end of follow up. This is in
contrast with a previous report by Swan et al, in which no difference was found between the
maximal exercise systolic BP in CoA patients and controls. However, we measured the maximal
exercise systolic BP during exercise as compared to after exercise in the study as described by Swan
et al. Furthermore, in this study we prospectively evaluated the predictive value of the maximal
systolic BP for the development of chronic hypertension during follow up, which is of major clinical
importance in the surveillance of these patients.

The maximal exercise systolic BP was not predictive for an increased left ventricular mass at
the end of follow up, which is in agreement with previous studies.6;24 In normotensive and
hypertensive patients after coarctation repair, an increased left ventricular mass and differences in
systolic and diastolic left ventricular function have been described as compared to controls.25;26

Divitiis et al described that the ambulatory systolic BP had a significant influence on LV mass, and
proposed that the LV response in coarctation patients might be driven by a combination of genetic,
hemodynamic and hormonal factors.27 However, it has been shown, that LV hypertrophy occurs in
coarctation patients in the absence of restenosis or hypertension even in very young patients, which
suggests that LV hypertrophy might have a more developmental origin.28 30 Furthermore, the lack of
correlation between hypertension and LV mass in our study population might be due to the fact that
well treated and currently not hypertensive patients are grouped into the hypertensive group. End to
end anastomosis as surgical modality was independently associated with the LV mass, which might
be caused by the fact that the majority of the patients (72%) underwent this type of surgical repair.
The results of this study for the first time, demonstrate the predictive value of the maximal exercise
systolic BP for the development of chronic hypertension in adult post coarctectomy patients. These
findings warrant further study into the long term consequences of exercise induced hypertension
and the potential beneficial role of early anti hypertensive treatment of adult post coarctectomy
patients with exercise induced hypertension.
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