
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
Aims: Aortic coarctation (CoA) occurs as a “simple” isolated disorder, and in a more “complex” form,
combined with associated congenital cardiac abnormalities. Long term outcome of all CoA patients
may be complicated by dilatation of the thoracic aorta. The aim of this study was to quantify
progressive aortic dilatation, and identify determinants for progressive aortic dilatation.

Methods and Results: Cardiovascular Magnetic Resonance Imaging (CMR) and echocardiographic
data of 93 CoA patients were analyzed retrospectively on the progression, and determinants, of
progressive thoracic aortic dilatation. Outcome of simple versus complex CoA patients were
compared. 93 CoA patients (mean age 39±12 years, male 59%) were followed with CMR (follow up
5.3±1.8 years). Twenty eight patients were classified as simple and 68 as complex CoA. The mean
progression rate of thoracic aortic dilatation was highest in the ascending aorta with 2.2±2.0 mm/5
years (range 0–7.2 mm/5 years). History of VSD ( = 1.77, P = 0.004) and an increased left ventricular
mass index ( = 0.02, P = 0.04) were associated with progressive ascending aortic dilatation. Complex
CoA patients show an increased progression rate compared to simple CoA patients with 2.4 mm/5
years versus 1.5 mm/5 years respectively. (P = 0.03)

Conclusion: Adult post coarctectomy patients show an increased mean progression rate of ascending
aortic dilatation with 2.2 mm/5 years. The progression rate of ascending aortic dilatation is increased
in complex CoA patients, as compared to simple CoA patients. These findings point towards a more
comprehensive genetic subset of patients with an increased risk for progressive ascending aortic
dilatation.
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Introduction
Coarctation of the aorta (CoA) accounts for 5 to 9 % of all congenital cardiac anomalies. Although life
expectancy has dramatically improved since the advent of corrective surgical techniques,
complications are common and mortality is increased in these patients.1;2 Aortic aneurysm
formation, recoarctation, coexisting bicuspid aortic valve (BAV), infective endocarditis, hypertension,
premature (coronary) atherosclerosis and cerebrovascular accidents contribute to the increased
morbidity and mortality.3 7 Aortic aneurysm formation, one of the most severe complications after
coarctation repair, is found in 9% of these patients.8

It is known that intrinsic abnormalities of the thoracic aorta predispose for aortic dilatation,
which can ultimately lead to dissection or rupture, and subsequent death.9 Aortic dilatation has been
described at various sites of the thoracic aorta, and after a variety of surgical techniques; however,
which part of the thoracic aorta is most at risk is unknown. 10 12 Moreover, data on the average
progression rates of dilatation of the thoracic aorta is scarce. Only few studies have analyzed possible
predictors for progressive dilatation of the thoracic aorta in post coarctectomy patients.13 15 While
BAV is present in more than half of the CoA patients and is known to predict aortic dilatation even in
patients without CoA, the influence of other clinical parameters on progressive aortic dilatation in
CoA patients remains unknown.8;14 The increased incidence of BAV and the presence of associated
congenital cardiac abnormalities points towards a subset of CoA patients with a more severe
developmental spectrum in these “complex” CoA patients as compared to “simple” CoA patients
with an isolated coarctation, with or without PDA.16 Knowledge on progression rates of aortic
dilatation in complex and simple CoA patients is important for an adequate follow up and timing of
surgical intervention. We performed a follow up study to assess and quantify the progression rates
of aortic dilatation throughout the thoracic aortic in adult post coarctectomy patients. Furthermore,
we compared outcome in complex and simple CoA, and searched for determinants of progressive
aortic dilatation over time.17;18

Methods
Patients
In this multi centre study 93 consecutive adult post coarctectomy patients (age 39 ± 12 years; 59%
male) from two outpatient clinics were included in 2001. The CONCOR database, a Dutch registry and
DNA bank for adult patients with congenital heart disease, was used to identify adult post
coarctectomy patients in the two participating tertiary referral centers. 19;20 All patients participated
in a previous observational study from our institution in which 111 consecutive patients were
evaluated.21 Out of these 111 patients 93 patients had sufficient data, and were willing to participate
in the present study. Patients who underwent two serial cardiovascular magnetic resonance imaging
scans (CMR) between 2001 and 2009 were included with a minimum follow up period of 1 year. All
patients underwent CMR and echocardiography twice, regardless of the clinical indication; once at
baseline, and once after a mean follow up period of 5.5 years. At baseline, age, sex, body surface
area (BSA), age at intervention, other associated congenital cardiac anomalies, and type of surgery
were obtained from patients’ medical records. The presence of hypertension was determined by
ambulatory blood pressure monitoring (ABPM). Patients were considered hypertensive when mean
daytime systolic blood pressure was 135 mmHg and/or day mean diastolic blood pressure was 85
mmHg, or if on anti hypertensive treatment on the discretion of the treating physician.22 At the end



of follow up information about re intervention or a history of recoarctation during the follow up
period was obtained during their outpatient visit. “Complex” CoA patients were defined as patients
after CoA repair with one, or a combination, of the following associated congenital cardiac
anomalies; BAV, increased left ventricular (LV) mass index, history of ventricular septal defect (VSD)
or the presence of a hypoplastic aortic arch. “Simple” CoA was defined as aortic coarctation
occurring in isolation, with or without a history of patent ductus arteriosus (PDA).16 The Medical
Ethics Committee of two participating centres approved the protocol.

Magnetic Resonance Imaging
Image acquisition was performed by cardiovascular magnetic resonance angiography, 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). Additionally, the aortic arch morphology was
assessed.23

Echocardiography
Echocardiography was performed with a Vivid 7 (GE, Vingmed Ultrasound, Horton, Norway)
ultrasound images system. The echocardiogram performed the closest in time to the concomitant
CMR was analyzed. Aortic root diameters were measured in end diastole at the level of the sinus of
Valsalva. Aortic dimensions were measured using the leading edge to leading edge technique
according to the recommendations of the American Society of Echocardiography.24;25 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.26 Aortic regurgitation
and stenosis was assessed using multiple windows.27 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.28 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.

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). Intra and inter observer
reproducibility of the CMR analysis performed by two independent observers was determined. The
coefficient of variability was calculated as the standard deviation of the difference of the paired
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measurements divided by the mean of the average of the paired measurements, and expressed as a
percentage. 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 progressive aortic dilatation. Data were
relatively equally interpreted while the follow up period was not the same in all patients. The
analyses were performed where data were weighed for follow up. Univariate regression analysis was
performed for all baseline characteristics to determine whether an association was found with the
progression rate of ascending aortic dilatation. Multivariate stepwise regression analyses were
performed using 0.05 as the criterion of significance for entry of the variables and 0.1 for removal
was used to indentify independent determinants for progressive aortic dilatation.

Results
Study population
Ninety three adult post coarctectomy patients were included, with a mean age of 39±12 years (range
22–70 years), mean age at repair 8.6±8.6 years (range 0.1–46 years), and mean time after repair
29.9±10.3 years (range 6–53 years). (Table 1) The mean follow up period was 5.4±1.8 years (range
1.4–8.4 years), which yielded a total of 402 patient years. Twenty eight patients were classified as
simple CoA patients and 65 as complex CoA patients. Eighteen patients (19%) received surgical
correction before the age of one year. In six patients (6%, of which 2 BAV patients) aortic valve
replacement had been performed because of aortic stenosis and/or regurgitation before onset of the
present study. 53 patients (57%) were diagnosed with BAV. Eleven patients (12%) were diagnosed
with VSD of which 6 had been surgically corrected. Four patients were diagnosed with Turner
syndrome and all were complex CoA patients. All patients were considered to be successfully
repaired. Successfully repaired was defined as; without residual aortic narrowing requiring
intervention, in which the threshold for intervention was defined according to the ESC guidelines.29



Table 1. 

Variable

N

55

PDA

VSD 11

15

Crenel 21

18

12
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dilatation was significantly increased in complex coarctation as compared to simple coarctation
patients. The progression rate of ascending aortic dilatation in these “complex” CoA patients was
2.4±2.0 mm/5 years compared to 1.5±1.9mm/5 years in the “simple” CoA patients. (P<0.03) (Table 3)
(Figure 3)
Excluding patients with Turner syndrome gave similar results; 2.5±2.0 mm/5 years in “complex” CoA
versus 1.5±1.9 mm/5 years in “simple” CoA patients. Progression rates of ascending aortic dilatation
stratified by the associated anomalies have been depicted in Table 4.
Of patients with a progression rate of 4 mm per 5 years, 84% were complex CoA patients, and 65%

had BAV, 5 (26%) patients had VSD, 9 (47%) of the patients were hypertensive, 13 (68%) had in
increased LV mass index, 11 (58%) of the patients was operated after the age of 1 year (late repair),
14 of these patients underwent end to end anastomosis repair.” In patients with a progression rate
of 4 mm per 5 years 67% were complex CoA patients and 54% had BAV. The mean progression rate
of the aortic diameter over time, measured by echocardiography was 1.4±2.9 mm/5years. (Table
2) Individual growth in the aortic root in each patient is depicted in Figure 2b. Progression rates of
the other segments of the aorta are depicted in Table 2. Regarding intra and inter observer
variability, we found a mean error measurement of 3.9% and 2.4 % respectively.

Table 2. 

 Mean  
Diameter baseline 

(mm)

Range Mean  
Diameter FU 

(mm)

Range P Value Mean Progression 
 

(mm / 5yrs)

SE* 

Echo data

23–49 24–50

CMR data

20–52

9–24

CoA site
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Figure 1: Distribution of progression rates of ascending aortic dilatation in 5 years.

2a 2b
  
Figure 2a: Progression of aortic root dilatation during follow up.
Figure 2b: Progression of ascending aortic dilatation during follow up.
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Figure 3: Progression of ascending aortic dilatation in 5 years in simple versus complex coarctation (CoA)
patients.

Table 3. 

 
 

Simple CoA
n = 28

Range Complex CoA
n = 65

Range P Value 

22–47

0–8

Table 4. 

 



Determinants for progression of ascending aortic dilatation over time
At follow up, univartiate analysis in all 93 adult post coarctectomy patients showed that a history of
VSD and an increased LV mass index were associated with an increased progression rate of ascending
aortic dilatation. In multivariate analysis a history of VSD and an increased LV mass index remained
statistically significant as determinants for an increased progression rate of ascending aortic
dilatation. (Table 5) Adjusting diameters for duration of follow up gave similar results. Furthermore
adjusting diameters for BSA did not affect the results. No association was found between an
increased LV mass index and hypertension. Aortic arch geometry was not associated with an
increased progression rate of ascending aortic dilatation. The arterial pulse pressure was not
associated with ascending aortic dilatation in our population.

Table 5. 

Variable Beta P Value Univariate Beta

VSD

LV mass index (g/m²)

End to end anastomosis

  

Discussion
The current study, for the first time quantitatively demonstrates the increased progression rate of
ascending aortic dilatation in adult post coarctectomy patients. Complex CoA patients show an
increased progression rate of ascending aortic dilatation compared to simple CoA patients.

Previous studies have shown that adult post coarctectomy patients are at increased risk for
dilatation in various segments of the thoracic aorta, particularly in the ascending and descending
aorta, or at the coarctation site. 8;10 12 In our population we found the progression rate of aortic
dilatation to be highest in the ascending aorta, with the diameters of the other segments of the
thoracic aorta to be consistent with normal values as described by Hager et al.30;31 The progression
rate of ascending aortic dilatation measured by CMR was increased in adult post coartectomy
patients with 2.2 mm per 5 years, compared to a progression rate of 0.5 mm per 5 years as described
in healthy subjects.30 At the level of the aortic root, we found a progression rate of 1.4 mm in five
years, measured by echocardiography, which is comparable to previously reported
echocardiographic data in patients with BAV.32 Although the progression rate of ascending aortic
dilatation in these patients is increased, in none of the patients an intervention was required during
follow up. These findings might indicate that that the risk of aortic rupture is distinctly different as
compared to patients with Marfan syndrome.

Previous research has shown already that patients with BAV, with or without CoA are
specifically prone to develop ascending aortic dilatation. This association is of significant importance
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in our patient group, as 56% was diagnosed with BAV.8;11;12;15 The cause of the increased rate of
ascending aortic dilatation is likely to be multi factorial. Accelerated degeneration of the aortic
media, abnormalities of matrix disruption and smooth muscle cell loss have all been described in CoA
patients and in patients with isolated BAV. Additionally it is known that the presence of BAV might
cause eccentric flow in the ascending aorta with significantly elevated aortic wall shear stress which
might cause ascending aortic dilatation.33 Furthermore, a previous study by Sehested et al. revealed
already structural abnormal tissue, with significantly more collagen and less smooth muscle tissue in
the precoarctational wall, including the ascending aorta. It is hypothesized that this abnormal tissue
influences baroreceptor activity in the upper vascular bed, which might explain the preoperative and
postoperative hypertension.34 Voght et al. demonstrated that the elastic properties of the ascending
aorta are primarily impaired in newborns with an aortic coarctation, and remain unchanged after
surgery. These findings support the assumption that these morphologic changes arise in utero.

Whether these processes are congenital or acquired remains unclear. 9;35 39 However, in our
study no significant difference was found between progressive ascending aortic dilatation in CoA
patients with BAV (CoA BAV) and without BAV. Furthermore BAV was not predictive for ascending
aortic dilatation in our cohort which is conflicting with previous studies as described above. However,
in a previous study in which the progression rate of ascending aortic dilatation was compared
between BAV patients and CoA BAV patients demonstrated that CoA BAV patients were less prone
for ascending aortic dilatation. It was hypothesized that CoA BAV patients, are protected against
ascending aortic dilatation, which suggests that the pathophysiology of ascending aortic dilatation in
CoA BAV patients may differ from that of isolated BAV patients. The main declaration for the
protective effect given in this study is that the surgery performed in the CoA BAV patients or the
related healing process might have limited further dilatation.15 These findings might declare the fact
that no significant difference was found between CoA BAV patients and isolated CoA patients, and
additionally that BAV was not predictive for the progression rate of ascending aortic dilatation in our
cohort.

No association was found with age and an increased progression rate of ascending aortic
dilatation. Previous studies have that advancing age increases the risk of aortic dilatation in BAV
patients and in normal human hearts. However, no association was found between age and the
progression rate of ascending aortic dilatation in BAV, which corresponds with our findings and might
be related to population size and follow up duration.15;40 Additionally aortic valve disease was not
associated with aortic dilatation as has been previously described in BAV patients.41;42 This might be
declared by the relatively young population, or again by the fact that the pathofysiology in CoA BAV
is distinctly different as compared to isolated BAV disease.

In this study we found an increased LV mass and a history of VSD to be independently
associated with progressive ascending aortic dilatation. The increased LV mass which we found to be
independently associated with the increased progression rate of ascending aortic dilatation, in this
study not related to hypertension, might have a more developmental origin.

The lack of correlation between hypertension and LV mass might be due to the fact that well
treated and currently not hypertensive patients are grouped into the hypertensive group. Previous
research has shown already that LV hypertrophy occurs in coarctation patients in the absence of
restenosis or hypertension even in very young patients which suggest that LV hypertrophy might
have a more developmental origin.21;43 45 These findings, combined with the higher incidence of BAV



and the presence of other cardiac congenital abnormalities in CoA patients, supports the assumption
that aortic coarctation is part of an extensive developmental abnormality of the proximal systemic
arterial system involving the aortic valve, proximal aorta, left ventricle, and myocardial wall.

These findings point towards a variable expression in CoA patients, with those patients with a
more extensive developmental abnormality to be at increased risk for progressive ascending aortic
dilatation. These findings emphasize the need for regular CMR imaging for it is the golden standard in
CoA patients, with due regard for the clinical history and the presence of associated congenital
cardiac anomalies.

Limitations
This study was limited due to relatively small patient numbers, which is frequently seen in studies in
adult patients with congenital heart disease, as well as a relatively short follow up period. However,
included patients comprised a representative group, increasing overall applicability of the presented
data.

Conclusion
Adult post coarctectomy patients show an increased progression rate of ascending aortic dilatation
as compared to the healthy population. Complex coarctation patients with additional cardiovascular
abnormalities show an increased progression rate of ascending aortic dilatation as compared to
simple coarctation patients. These findings point towards a more comprehensive genetic subset of
patients with an apparent increased risk of ascending aortic aneurysm formation.



6

Reference List

(1) Campbell M. Natural history of coarctation of the aorta. Br Heart J 1970;32:633 640.

(2) Crafoord C, Nylin G. Congenital coarctation of the aorta and its surgical treatment. J Thorac Surg 1945;14:347 361.

(3) Clarkson PM, Nicholson MR, Barratt Boyes BG, Neutze JM, Whitlock RM. Results after repair of coarctation of the
aorta beyond infancy: a 10 to 28 year follow up with particular reference to late systemic hypertension. Am J
Cardiol 1983;51:1481 1488.

(4) Simon AB, Zloto AE. Coarctation of the aorta. Longitudinal assessment of operated patients. Circulation
1974;50:456 464.

(5) Vriend JW, Mulder BJM. Aortic coarctation: the need for lifelong surveillance. Netherlands Heart Journal
2003;11:514 518.

(6) Vriend JW, Mulder BJ. Late complications in patients after repair of aortic coarctation: implications for
management. Int J Cardiol 2005;101:399 406.

(7) Vriend JW, Zwinderman AH, de Groot E, Kastelein JJ, Bouma BJ, Mulder BJ. Predictive value of mild, residual
descending aortic narrowing for blood pressure and vascular damage in patients after repair of aortic coarctation.
Eur Heart J 2005;26:84 90.

(8) von Kodolitsch Y, Aydin MA, Koschyk DH et al. Predictors of aneurysmal formation after surgical correction of
aortic coarctation. J Am Coll Cardiol 2002;39:617 624.

(9) Isner JM, Donaldson RF, Fulton D, Bhan I, Payne DD, Cleveland RJ. Cystic medial necrosis in coarctation of the
aorta: a potential factor contributing to adverse consequences observed after percutaneous balloon angioplasty
of coarctation sites. Circulation 1987;75:689 695.

(10) Bromberg BI, Beekman RH, Rocchini AP et al. Aortic aneurysm after patch aortoplasty repair of coarctation: a
prospective analysis of prevalence, screening tests and risks. J Am Coll Cardiol 1989;14:734 741.

(11) Clarkson PM, Brandt PW, Barratt Boyes BG, Rutherford JD, Kerr AR, Neutze JM. Prosthetic repair of coarctation of
the aorta with particular reference to Dacron onlay patch grafts and late aneurysm formation. Am J Cardiol
1985;56:342 346.

(12) la Kulju K, Heikkinen L. Aneurysms after patch graft aortoplasty for coarctation of the aorta: long term results of
surgical management. Ann Thorac Surg 1989;47:853 856.

(13) Aluquin VP, Shutte D, Nihill MR et al. Normal aortic arch growth and comparison with isolated coarctation of the
aorta. Am J Cardiol 2003;91:502 505.

(14) Beaton AZ, Nguyen T, Lai WW et al. Relation of coarctation of the aorta to the occurrence of ascending aortic
dilation in children and young adults with bicuspid aortic valves. Am J Cardiol 2009;103:266 270.

(15) Thanassoulis G, Yip JW, Filion K et al. Retrospective study to identify predictors of the presence and rapid
progression of aortic dilatation in patients with bicuspid aortic valves. Nat Clin Pract Cardiovasc Med 2008;5:821
828.

(16) Gutgesell HP, Barton DM, Elgin KM. Coarctation of the aorta in the neonate: associated conditions, management,
and early outcome. Am J Cardiol 2001;88:457 459.

(17) Mulder BJ, van der Wall EE. Optimal imaging protocol for evaluation of aortic coarctation; time for a reappraisal.
Int J Cardiovasc Imaging 2006;22:695 697.

(18) Vriend JW, Oosterhof T, Mulder B. Noninvasive imaging for the postoperative assessment of aortic coarctation
patients. Chest 2005;127:2295.

(19) van der Velde ET, Vriend JW, Mannens MM, Uiterwaal CS, Brand R, Mulder BJ. CONCOR, an initiative towards a
national registry and DNA bank of patients with congenital heart disease in the Netherlands: rationale, design,
and first results. Eur J Epidemiol 2005;20:549 557.



(20) Vriend JW, van der Velde ET, Mulder BJ. [National registry and DNA bank of patients with congenital heart
disease: the CONCOR project]. Ned Tijdschr Geneeskd 2004;148:1646 1647.

(21) Vriend JW, Engelfriet PM, de Groot E, Elsen BM, Kastelein JJ, Mulder BJ. Age at repair and left ventricular mass in
patients after repair of aortic coarctation. J Thorac Cardiovasc Surg 2005;130:896 897.

(22) Mancia G, De BG, Dominiczak A et al. 2007 ESH ESC Practice Guidelines for the Management of Arterial
Hypertension: ESH ESC Task Force on the Management of Arterial Hypertension. J Hypertens 2007;25:1751 1762.

(23) Ou P, Celermajer DS, Mousseaux E et al. Vascular remodeling after "successful" repair of coarctation: impact of
aortic arch geometry. J Am Coll Cardiol 2007;49:883 890.

(24) Roman MJ, Devereux RB, Kramer Fox R, O'Loughlin J. Two dimensional echocardiographic aortic root dimensions
in normal children and adults. Am J Cardiol 1989;64:507 512.

(25) Vasan RS, Larson MG, Benjamin EJ, Levy D. Echocardiographic reference values for aortic root size: the
Framingham Heart Study. J Am Soc Echocardiogr 1995;8:793 800.

(26) Roberts WC. The congenitally bicuspid aortic valve. A study of 85 autopsy cases. Am J Cardiol 1970;26:72 83.

(27) Warnes CA, Williams RG, Bashore TM et al. ACC/AHA 2008 guidelines for the management of adults with
congenital heart disease: a report of the American College of Cardiology/American Heart Association Task Force
on Practice Guidelines (Writing Committee to Develop Guidelines on the Management of Adults With Congenital
Heart Disease). Developed in Collaboration With the American Society of Echocardiography, Heart Rhythm
Society, International Society for Adult Congenital Heart Disease, Society for Cardiovascular Angiography and
Interventions, and Society of Thoracic Surgeons. J Am Coll Cardiol 2008;52:e1 121.

(28) Baumgartner H, Hung J, Bermejo J et al. Echocardiographic assessment of valve stenosis: EAE/ASE
recommendations for clinical practice. J Am Soc Echocardiogr 2009;22:1 23.

(29) Baumgartner H, Bonhoeffer P, De Groot NM et al. ESC Guidelines for the management of grown up congenital
heart disease (new version 2010). Eur Heart J 2010;31:2915 2957.

(30) Hager A, Kaemmerer H, Rapp Bernhardt U et al. Diameters of the thoracic aorta throughout life as measured with
helical computed tomography. J Thorac Cardiovasc Surg 2002;123:1060 1066.

(31) Hager A, Kaemmerer H, Leppert A et al. Follow up of adults with coarctation of the aorta: comparison of helical
CT and MRI, and impact on assessing diameter changes. Chest 2004;126:1169 1176.

(32) Ferencik M, Pape LA. Changes in size of ascending aorta and aortic valve function with time in patients with
congenitally bicuspid aortic valves. Am J Cardiol 2003;92:43 46.

(33) Hope MD, Hope TA, Crook SE et al. 4D flow CMR in assessment of valve related ascending aortic disease. JACC
Cardiovasc Imaging 2011;4:781 787.

(34) Sehested J, Baandrup U, Mikkelsen E. Different reactivity and structure of the prestenotic and poststenotic aorta
in human coarctation. Implications for baroreceptor function. Circulation 1982;65:1060 1065.

(35) Braverman AC. Bicuspid aortic valve and associated aortic wall abnormalities. Curr Opin Cardiol 1996;11:501 503.

(36) Lindsay J, Jr. Coarctation of the aorta, bicuspid aortic valve and abnormal ascending aortic wall. Am J Cardiol
1988;61:182 184.

(37) McKusick VA. Association of congenital bicuspid aortic valve and erdheim's cystic medial necrosis. Lancet
1972;1:1026 1027.

(38) Parai JL, Masters RG, Walley VM, Stinson WA, Veinot JP. Aortic medial changes associated with bicuspid aortic
valve: myth or reality? Can J Cardiol 1999;15:1233 1238.



6

(39) Vogt M, Kuhn A, Baumgartner D et al. Impaired elastic properties of the ascending aorta in newborns before and
early after successful coarctation repair: proof of a systemic vascular disease of the prestenotic arteries?
Circulation 2005;111:3269 3273.

(40) Kitzman DW, Scholz DG, Hagen PT, Ilstrup DM, Edwards WD. Age related changes in normal human hearts during
the first 10 decades of life. Part II (Maturity): A quantitative anatomic study of 765 specimens from subjects 20 to
99 years old. Mayo Clin Proc 1988;63:137 146.

(41) Keane MG, Wiegers SE, Plappert T, Pochettino A, Bavaria JE, Sutton MG. Bicuspid aortic valves are associated with
aortic dilatation out of proportion to coexistent valvular lesions. Circulation 2000;102:III35 III39.

(42) Nkomo VT, Enriquez Sarano M, Ammash NM et al. Bicuspid aortic valve associated with aortic dilatation: a
community based study. Arterioscler Thromb Vasc Biol 2003;23:351 356.

(43) Carpenter MA, Dammann JF, Watson DD, Jedeikin R, Tompkins DG, Beller GA. Left ventricular hyperkinesia at rest
and during exercise in normotensive patients 2 to 27 years after coarctation repair. J Am Coll Cardiol 1985;6:879
886.

(44) Johnson MC, Gutierrez FR, Sekarski DR, Ong CM, Canter CE. Comparison of ventricular mass and function in early
versus late repair of coarctation of the aorta. Am J Cardiol 1994;73:698 701.

(45) Swan L, Ashrafian H, Gatzoulis MA. Repair of coarctation: a higher goal? Lancet 2002;359:977 978.


