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AN INCREASED LEFT VENTRICULAR SYSTOLIC

function has been reported in some patients
following successful repair of aortic coarcta-

tion,1–4 a group known to have an increased inci-
dence of left ventricular hypertrophy,1–3 systemic
hypertension and a significant late risk of death.5,6

There are few reports, however, addressing the topic
of left ventricular remodelling after successful repair
of aortic coarctation.3,7 Children and adolescents with
systemic hypertension, however, are known to have
an increased left ventricular mass and an abnormal

geometry.8 Studies in adults with essential hyper-
tension have related the cardiovascular risk to the pat-
tern of left ventricular remodelling.9–11 Our study,
therefore, was performed to evaluate, first, left ven-
tricular remodelling, as well as midwall mechanics,
as estimated by echocardiography in a group of chil-
dren, adolescents, and young adults after successful
coarctectomy, and second, factors that might predis-
pose to such persistent abnormalities.

Materials and methods

Population studied
We examined 52 subjects, with a mean age of 21.1
plus or minus 10.5 years, and with a range from 2 to
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40 years, after successful repair of aortic coarctation.
All the patients gave their written informed con-
sent to the collection of their clinical and laboratory
data. The study was approved by the local Ethical
Committee. The anthropometric findings, heart
rate, systolic and diastolic blood pressure of patients
and controls, as well as age, type of surgical repair and
follow-up duration at the time of the study, are
reported in Table 1. In 28 patients, the aortic valve
was bifoliate, with trivial aortic regurgitation in 15,
and 7 showed mild dilation of the aortic root. The
criterions for inclusion were:

� normal resting blood pressure according to the
Second Task Force on Blood Pressure control in
children,12

� no associated cardiac anomalies other than bicus-
pid aortic valve with minimal aortic insuffi-
ciency,

� residual isthmic gradient by Doppler less than 
20 millimetres of mercury, and

� no treatment with cardiac medications.

Echocardiography
The echocardiographic and Doppler investigations
were all performed with a phased array Sonos 5500
Hewlett-Packard device, using a 4 or 8 megahertz
transducer. The examinations included cross-sectional
echocardiographic imaging of the left ventricle from
subcostal, apical and parasternal views, and complete

Doppler scanning. A circular short axis configuration
of the left ventricle throughout the cardiac cycle was
confirmed in all patients. Measurements of the left
ventricular internal diameter, interventricular septal,
and inferior wall thickness were assessed at end-
diastole and end-systole according to the criterions 
of the American Society of Echocardiography.13 Left
ventricular ejection time was measured from the
Doppler envelope recording the velocity of flow across
the aortic valve, and was corrected for the heart rate by
dividing by the square root of the RR interval on the
electrocardiogram. Peak systolic and diastolic blood
pressures were measured with a Dynamap vital sign
monitor at the time of echocardiographic examina-
tion. End-systolic pressure was estimated from peak
systolic and diastolic pressures based on a previously
validated equation.14 All parameters were obtained by
averaging at least three consecutive cardiac cycles.

Analysis of left ventricular volume, mass, and shape
Left ventricular end-diastolic volume, mass, and the
ratio of mass to volume were calculated using M-mode
measurements,15,16 and indexed to body surface area.
Relative mural thickness was measured at end-diastole
as the ratio of inferior mural plus septal thickness
over left ventricular internal dimension. Cut-off levels
for left ventricular mass, and relative mural thickness,
were defined to assess left ventricular geometry. The
sex-specific 95th centile for the left ventricular mass
index of normal children, adolescents and young
adults17 was the first cut point. We used a relative
wall thickness of 0.41, which represents the 95th
centile, as the second cut point.9,18 According to a
previous report,9 these values were used to define the
4 patterns of geometric remodelling:

� normal geometry with left ventricular mass and
relative wall thickness inferior to the 95th centile

� concentric remodelling with normal left ventric-
ular mass index but elevated relative wall thickness

� eccentric hypertrophy with elevated left ventric-
ular mass index but normal relative wall thick-
ness and

� concentric hypertrophy with both left ventricular
mass index and relative wall thickness superior to
the 95th centile.

Left ventricular shape was assessed using the end-
diastolic ratio of long to minor axes, which reflects
the degree of sphericity of the cavity. The long axis of
the left ventricle was measured from the apical endo-
cardium to the midpoint of the plane of the mitral
valve in the apical 4-chamber view, and the minor
axis from parasternal short axis directed M-mode
echocardiographic recordings obtained perpendicularly

Table 1. Clinical characteristics of the population with
coarctation and their controls.

Coarctation Normal 
(52) (142) p

Age (years) 21.1 � 10.5 20.2 � 9.9 ns
(2–40) (3–40)

Male/female 37/15 96/46
Height (metres) 1.6 � 0.2 1.6 � 0.2 ns
Weight (kilograms) 53.2 � 19.7 54.1 � 17.4 ns
Body surface area 1.5 � 0.4 1.5 � 0.4 ns

(meters squared)
Heart rate (beats 73.0 � 12.0 73.4 � 14.2 ns

per minute)
Systolic blood pressure 121.9 � 16.3 114.1 � 10.1 �0.01
Diastolic blood pressure 72.8 � 9.8 72.6 � 7.3 ns
Age at surgical 11.8 � 10.5 
repair (years) (0.1–34)

Follow-up (years) 9.3 � 5.1 
(1–23)

Type of surgical repair*

– Resection � end–end 27
anastomosis

– Patch aortoplasty 20
– Subclavian flap 5

aortoplasty

*Percutaneous angioplasty for restenosis in 2 patients
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to the long axis between the tips of the mitral valvar
leaflets and the papillary muscles.

Analysis of left ventricular systolic function, afterload
and contractility at midwall level
Midwall left ventricular systolic function was evalu-
ated by using the modified two-shell cylindrical
model with uniform wall thickness proposed by
Shimizu et al.19 and Gentles et al.,20 which reflects
the relative transmural position of a theoretical mid-
wall fibre during the cardiac cycle. The left ventric-
ular end-diastolic midwall dimension was calculated as

mwDd � Dd � 0.5(PWd) � 0.5(PWd) 

and the end-systolic midwall dimension as

mwDs � [(Ds)2 � IWs(2Dd � IWd)(Ds � IWs)/
(Dd � IWd)]0.5

where Dd and Ds are left ventricular enddiastolic-
and endsystolic endocardial diameters, mwDd and
mwDs are enddiastolic- and endsystolic midwall
diameters, IWd and IWs are enddiastolic- and endsys-
tolic inferior wall thickness.

These formulas are based on the assumption that
thickness of the septum is equal to that of the inferior
wall. The left ventricular midwall fractional shorten-
ing (mwFS percent) was calculated from these mid-
wall dimensions, and the midwall rate-corrected mean
velocity of circumferential shortening (mwVCFc) as
mwVCFc � mwFS/ETc, where ETc corresponds to
ejection time corrected for heart rate. Because it is
theoretically more correct to relate the extent or
velocity of fibre shortening with the stress calculated
in circumferential direction, we estimated the left
ventricular circumferential end-systolic stress also at
the level of the midwall according to a cylindrical
model as previously reported:21,22

mwESSc � Pes � (Ds/2)2 � [1 � (Ds/2 � PWs)2/
(Ds/2 � PWs/2)]/(Ds/2 � PWs)2

� (Ds/2)2

where mwESSc is left ventricular circumferential
end-systolic stress at midwall and Pes is end-systolic
pressure.

The relation of the midwall rate-corrected mean
velocity of circumferential shortening to end-systolic
circumferential stress was used to assess the left ven-
tricular contractility and expressed as Z-score of
stress-velocity index.23

Magnetic resonance
Magnetic resonance imaging of the aortic arch was
performed to evaluate the success of the surgical
repair of coarctation. The degree of residual stenosis
was determined by spin-echo magnetic resonance

imaging of the thoracic aorta. The smallest diameter
was measured by hand callipers from internal edge
to internal edge of the vascular walls from a combi-
nation of transverse and sagittal oblique views
through the centre of the vessel. The smallest dia-
meter was compared with the diameter of the aorta at
the diaphragm. Percent narrowing was calculated as:
% stenosis � 100(1 � smallest diameter/diameter
at diaphragm).24

Exercise test and residual isthmic gradient
A bicycle exercise test according to the James proto-
col25 was performed in all patients older than seven
years. At rest and peak exercise, with the patient sit-
ting on the bicycle, the peak isthmic gradient was
assessed with a stand-alone 1.9 megahertz continuous-
wave Doppler probe using the modified Bernoulli
equation 4(V22 � V12), where V2 was the maximum
velocity in the descending aorta and V1 was the veloc-
ity in the ascending aorta.26 All Doppler gradients
were considered as the mean of at least 3 consecutive
measurements. Systolic blood pressure was measured
at rest and every minute during exercise from the
right arm utilizing cuffs of adequate size.

Ambulatory monitoring
Ambulatory recordings with the cuff positioned on
the right arm were performed in adolescents and
adults using a fully automatic recorder (TM-2430 
of A&D Instruments LTD) within 2 weeks from the
echocardiographic examination. Day-time and night-
time blood pressures were determined as median
measurements of at least three technically satisfactory
readings in each setting, as well as the percentage 
of measurements superior to 130/80 millimetres of
mercury, indicated as the cut-off value of normal
blood pressure for adults.27

Statistical analysis
Statistical analysis was performed by using the sta-
tistical package Statview 5.0.1. Quantitave data are
presented as mean plus or minus standard deviation.
Comparisons of clinical characteristics, parameters of
left ventricular geometry, systolic function, afterload,
and contractility between the patients and their con-
trols were assessed using Student’s t-test for unpaired
data. Difference in various clinical, echocardiographic,
exercise and ambulatory blood pressure monitoring
variables among the four groups were assessed by
analysis of variance and the post hoc Bonferroni
modification. A univariate analysis was performed in
the study group in order to identify the single vari-
ables that correlate to mass index and relative wall
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thickness. Then, using the variables showing a signif-
icant correlation by univariate analysis, a multivariate
stepwise analysis was performed. A p value inferior
to 0.05 was considered statistically significant.

Finally, a stepwise multivariate logistic analysis
using the echo variables was used in order to identify
independent factors associated with abnormal left
ventricular geometry.

Results

In the patients undergoing coarctectomy, the left
ventricular end-diastolic volume, mass, ratio of mass
to volume, and relative wall thickness were all
increased. The shape of the ventricle was altered,
with a slight reduction of the ratio of the long to the
minor axis. Left ventricular hypertrophy was present
in 21/52 (40 percent) patients. The midwall systolic
function was increased, the end-systolic circumfer-
ential stress decreased, and the contractility esti-
mated by stress/velocity index, measured at midwall
level, increased (Z-score superior to the 95th 
percentile) in 11 of the 52 (21 percent) patients, four
of these having normal geometry but seven showing
eccentric hypertrophy (Table 2). The percent of nar-
rowing of the aortic diameter obtained by magnetic
resonance was less than 20 percent in all patients.
The systolic blood pressures at rest and exercise, the
isthmic gradients, as well as the data from ambula-
tory monitoring, are shown in Table 3.

Of the patients, half had normal left ventricular
geometry, 5 (9 percent) had a pattern of concentric
remodelling, 17 (33 percent) eccentric hypertrophy,
and 4 (8 percent) concentric hypertrophy. Comparisons
among the 4 different patterns of left ventricular
geometry in relation to the various echocardiographic
parameters are reported in Table 4. In contrast to the
group with normal left ventricular geometry, those
with abnormal geometry had an increased end-
diastolic volume, and except those with concentric
remodelling, also had increased mass index, increased

Table 2. Comparison of the parameters of left ventricular
geometry, systolic function, afterload and contractility between
the patients with coarctation and their controls.

Coarctation Normals p

EDVi (ml/m2) 71.4 � 9.5 66.9 � 9.1 �0.01
Mi (g/m2) 97.5 � 21 74.7 � 13 �0.01
M/V 1.4 � 0.3 1.1 � 0.2 �0.01
RWth 0.36 � 0.04 0.31 � 0.04 �0.01
LV shape (L/D) 1.6 � 0.1 1.7 � 0.1 �0.05
mwESSc (g/cmq) 61 � 9.9 66.6 � 9.7 �0.01
mwFS (%) 23 � 5.1 18.8 � 3.0 �0.01
mwVCFc (circ/s) 0.7 � 0.2 0.6 � 0.1 �0.01
mwSVI 1 � 1.4 �0.1 � 0.9 �0.01

Abbreviations: EDVi: end diastolic volume index; Mi: mass index;
M/V: mass/volume ratio; RWth: relative wall thickness; L/D: length/
diameter ratio; mwESSc: midwall end-systolic circumferential stress;
mwFS: midwall fractional shortening; mwVCFc: midwall rate-
corrected mean velocity of circumferential shortening; 
mwSVI: midwall stress/velocity index

Table 3. Results of magnetic resonance imaging, exercise testing
and ambulatory monitoring of blood pressure in the patients 
with coarctation. All measurements of pressure are in 
millimetres of mercury.

Narrowing of aortic diameter (%) 10.8 � 6 (0–20)
Systolic pressure at rest/exercise 122.3 � 16 (80–145)/

204.7 � 33.6 (145–274)
Transisthmic gradient at rest/exercise 11.2 � 5.3 (1–20)/

27.8 � 12.8 (8–64)
Mean systolic pressure awake 122.1 � 11.5 (95–140)
Mean diastolic pressure awake 75.8 � 8.2 (56–88)
Mean systolic pressure sleeping 106.6 � 8.7 (80–125)
Mean diastolic pressure sleeping 65.6 � 7.6 (49–80)
Systolic pressure above 130 (%) 15.3 � 17.3 (0–62)
Diastolic pressure above 80 (%) 6.7 � 10

Table 4. Comparison of the parameters of left ventricular geometry, systolic function, afterload and contractility between the patients 
with coarctation divided in the four patterns of remodelling and the controls.

Normals Normal  Concentric Eccentric  Concentric  
(142) geometry (26) remodelling (5) hypertrophy (17) hypertrophy (4)

EDVi (ml/m2) 66.9 � 9.1 69.3 � 8.2 59.7 � 2.8*° 77.9 � 9*°# 72.9 � 5.3#

Mi (g/m2) 74.7 � 12.6 82 � 11.8 97.5 � 7.2* 112.6 � 14.2*° 133.5 � 10.5*°#

M/V 1.1 � 0.2 1.2 � 0.2 1.6 � 0.1*° 1.5 � 0.1*° 1.8 � 0.1*°§

RWth 0.31 � 0.04 0.34 � 0.03* 0.43 � 0.02*° 0.36 � 0.03*# 0.44 � 0.04*°§

LV shape (L/D) 1.67 � 0.13 1.68 � 0.06 1.76 � 0.02 1.49 � 0.04*°# 1.70 � 0.05§

mwESSc (g/cmq) 66.6 � 9.7 56.9 � 7.7* 59 � 4 66 � 9.5° 69.2 � 17
mwFS (%) 18.8 � 3 22.6 � 4.9* 20.8 � 3.9 24.9 � 5.7* 19.7 � 3.4
mwVCFc (circ/s) 0.6 � 0.1 0.7 � 0.2* 0.7 � 0.1 0.8 � 0.2* 0.7 � 0.1
mwSVI �0.1 � 0.9 0.9 � 1.4* 0.4 � 0.9 1.5 � 1.5* 0.4 � 1

*� 0.005 vs N
°� 0.005 vs NR
#� 0.005 vs CR
§� 0.005 vs EH
See Table 2 for abbreviations
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ratio of mass to volume, and increased relative wall
thickness of the left ventricle. The shape was more
spherical in those with eccentric hypertrophy. Those
with normal geometry had reduced afterload, increased
systolic function and contractility. Those with con-
centric remodelling had only increased systolic func-
tion. Those with eccentric hypertrophy also had
increased parameters for systolic function and con-
tractility, whereas those with concentric hypertrophy
did not differ from their controls in terms of systolic
mechanics.

Comparisons of age, age at surgery, duration of
follow-up, and proportional narrowing of aortic dia-
meter among the four patterns of left ventricular
remodelling are reported in Table 5, and those of
exercise test and ambulatory monitoring in Table 6.
Compared with those with normal left ventricular
remodelling, the patients with abnormal geometry
are older, had later surgical repair, but do not differ
in duration of follow-up. They have higher systolic
blood pressures at rest and during exercise, but do
not differ in isthmic gradients either at rest or dur-
ing exercise. They have higher mean systolic and
diastolic blood pressures, both when awake and dur-
ing sleep, and have a higher percent of systolic blood
pressure superior to 130 millimetres of mercury.
Those with concentric hypertrophy also showed a

higher percent of diastolic blood pressure superior to
80 millimetres of mercury. Age, age at surgery, body
surface area, systolic and diastolic blood pressure,
exercise systolic blood pressure, mean systolic and
diastolic blood pressure awake, mean systolic and
diastolic blood pressure asleep, percent of systolic
blood pressure measurements superior to 130 milli-
metres of mercury, percent of diastolic blood pressure
measurements superior to 80 millimetres of mer-
cury, end diastolic volume index were all significantly
associated with abnormal relative mural thickness at
univariate analysis. The aforementioned variables,
together with midwall end-systolic circumferential
stress and left ventricular shape, were significantly
associated with abnormal mass index at univariate
analysis. At multivariate analysis, only systolic blood
pressure, percent of diastolic blood pressure meas-
urements superior to 80 millimetres of mercury, and
end-diastolic volume index were independently asso-
ciated with abnormal relative mural thickness. Only
systolic blood pressure, mean systolic blood pressure
when awake, and end diastolic volume index were
independently associated with an abnormal mass
index. Age and diastolic blood pressure at rest were
the only factors associated with abnormal left ven-
tricular remodelling after successful repair of coarc-
tation (Fig. 1).

Table 5. Comparison of the clinical variables and percent narrowing of aortic diameter as judged using magnetic resonance imaging among
the four patterns of left ventricular remodelling seen in the patients with coarctation. All ages are given in years.

Normal Concentric Eccentric Concentric 
geometry (26) remodelling (5) hypertrophy (17) hypertrophy (4)

Age 14.5 � 4.6 32.2 � 7.3* 28 � 7.8* 31.3 � 6*

Age at surgical repair 5.4 � 5.2 19.2 � 11.3* 18.9 � 9.1* 18.8 � 10.4*

Follow-up 9.1 � 4.7 13 � 5.8 9.1 � 4.9 12.5 � 6.2
Narrowing of aortic diameter (%) 9.8 � 5.8 14.8 � 2.7* 12.3 � 5.3 15.5 � 4

*�0.01 when compared to those with normal geometry

Table 6. Comparison of the parameters of exercise testing and ambulatory monitoring among the four patterns of remodelling seen in the
patients with coarctation. All pressures are measured in millimetres of mercury.

Normal Concentric Eccentric Concentric 
geometry (26) remodelling (5) hypertrophy (17) hypertrophy (4)

Resting systolic pressure 110.7 � 15.1 140 � 3.5* 128.9 � 9.5* 138.3 � 3.5*

Exercise systolic pressure 180 � 28.1 227.6 � 27.3* 223.5 � 14.9* 238.5 � 32.6*

Rest transisthmic gradient 10.7 � 5 12.4 � 5.9 11.9 � 5.2 9.8 � 10
Exercise transisthmic gradient 25.9 � 11.2 30 � 13 29.4 � 14.3 29.8 � 18.2
Mean waking systolic pressure 114.1 � 11.1 130 � 5.1* 128.3 � 6.6* 131.8 � 4.7*

Mean waking diastolic pressure 70.7 � 7.7 81 � 6.2 79.8 � 6.1* 81.8 � 5.4*

Mean sleeping systolic pressure 101.1 � 8.8 111.2 � 5.2* 110.8 � 5.7* 114.5 � 1*

Mean sleeping diastolic pressure 61.9 � 7.2 72.6 � 7.2* 67.5 � 6.4 70.5 � 4.2*

Systolic pressure above 130 (%) 4.2 � 10.4 28.6 � 16.4* 23.2 � 16.3* 29.8 � 19.6*

Diastolic pressure above 80 (%) 2.4 � 7.7 11.6 � 9.3 6.9 � 6.3 23.5 � 16.9*#

*�0.005 compared to normal geometry
#�0.005 compared to eccentric hypertrophy
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Discussion

Asymptomatic patients following successful repair
for aortic coarctation often exhibit abnormal left
ventricular geometry and increased systolic function
indexes. Half of our patients had normal left ventric-
ular geometry, whereas the others had various types
of abnormal remodelling. The most frequent pattern
was eccentric hypertrophy, seen in one-third, which
is difficult to explain. Ganau et al.9 found this pat-
tern of remodelling in about one-quarter of a large
group of untreated hypertensive patients, and postu-
lated that this pattern reflects peculiar haemo-
dynamics with increased cardiac output and
chamber dilation, possibly due to an increased
venous tone, blood volume or both. The elevated end
diastolic volume index, the more spherical shape,
and the hyperdynamic state of the left ventricle seen
in our patients with eccentric hypertrophy support
this hypothesis. We found concentric remodelling in
just under one-tenth of our patients. These patients
have ventricles with a more elliptical shape and
reduced end diastolic volume index. The mechanism
responsible for an increase of relative wall thickness

with normal mass index is unknown, although pres-
sure-induced contraction of intravascular volume by
natriuretic hormone may be postulated. It has been
shown that the left ventricular concentric remodel-
ling with normal mass index in essential hypertension
is also an independent predictor of cardiovascular
risk.11 It is unknown whether these findings also
apply to patients after coarctectomy, but simply meas-
uring left ventricular mass seems to be inadequate to
define a late risk for cardiovascular morbidity and
mortality. The last type of left ventricular remodel-
ling was the concentric form of hypertrophy, also
seen in just under one-tenth, where relative mural
thickness and mass index are increased, but the
chamber maintains an elliptical shape. This is the
pattern usually associated with pressure overload of
the left ventricle. In contrast to the other types of left
ventricular remodelling, these patients did not show
a hyperdynamic state of the left ventricle. They have
the highest degree of left ventricular hypertrophy,
having been subjected to a long-term pressure-
overload, which could have led to a decrease of the
hyperdynamic state of the left ventricle.

Some investigators1–4 have reported an increased
left ventricular systolic performance in patients after
successful repair of aortic coarctation, the mechanisms
of which are not yet completely understood. Most of
our patients have increased indexes of left ventricular
systolic pump, except those with concentric hyper-
trophy. Kimball et al.4 concluded that the hyperdy-
namic state seen after successful repair of coarctation is
related to low afterload and elevated contractility.
Others20 have found that the afterload is within the
normal range in post-coarctectomy patients, and that
the enhanced contractility previously reported appears
partly artifactual, related to the overestimation of fibre
shortening due to the use of endocardial rather than
midwall shortening, particularly when wall thickness
is increased. Nevertheless, midwall shortening indexes
show enhanced contractility, particularly in those sub-
jects with residual coarctation. In our group of
patients, those with normal geometry and concentric
remodelling showed a lower afterload, while in those
with eccentric and concentric hypertrophy the after-
load was normal. We found an enhanced myocardial
contractility, estimated using stress/velocity index
assessed at the level of the midwall in one-fifth of our
patients with normal geometry and eccentric hyper-
trophy. These data indicate that enhanced performance
and contractility are only partly explained by the
hypertrophy and that an increased sympathetic tone
may also play a role.4

The postoperative regression of left ventricular
hypertrophy depends obviously on the surgical recon-
struction of the aortic arch, the age at which the pres-
sure overload has been established, and the duration
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Results of multiple logistic regression analysis. The upper panel
shows the relation between the proportions of patients with abnormal
left ventricular geometry and age, while the lower panel shows the
relation between the proportions of patients with abnormal left 
ventricular geometry and diastolic blood pressure at rest (DBP). 
RR: relative risk; CI: confidence interval.
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of this overload.4,28 Some authors29,30 reported the
persistence of an increased left ventricular mass in a
small number of patients successfully operated in the
first year of life and evaluated after a mid-term 
follow-up, probably due to the residual isthmic gra-
dients seen during exercise and/or in association
with paroxysmal arterial hypertension. Whatever the
pathogenetic mechanism, the increased left ventricular
mass is responsible for the increased myocardial con-
sumption of oxygen and reduced coronary reserve,31

which could influence the long-term prognosis,
especially later in life when coronary arteriosclerosis
develops. If an unsatisfactory result of aortic coarcta-
tion repair has been excluded, the problem of per-
sistent or paroxysmal systemic hypertension often
remains. Systemic hypertension has been reported in
up to half of patients with good surgical results eval-
uated after a long-term follow-up,5,6 and it is more
frequent in subjects operated at an older age in com-
parison with those operated during infancy.6,32

Different pathogenetic mechanisms are responsible
for persistent systemic hypertension, with altered
baroreflex function,33 reduced compliance of the
ascending aorta and brachiocephalic arterial vessels,34

altered vascular reactivity,35 residual isthmic gradi-
ents during exercise,36 and slight hypoplasia of the
transverse aortic arch3,37 having been documented in
these patients. Systemic hypertension during exercise
is often reported following surgical repair of aortic
coarctation, and it is attributed to reduced distensi-
bility of the arterial district, minimal residual gradient
in the aortic arch, and an increased cardiac output.36–38

All our patients have a normal blood pressure at rest,
and the magnetic resonance showed good surgical
results in all of them. An elevated systolic blood
pressure during exercise was documented in the groups
with abnormal remodelling, albeit the isthmic gra-
dient did not differ from those with normal left ven-
tricular geometry either at rest or during exercise.
There was a normal circadian rhythm of blood pres-
sure on the ambulatory blood pressure monitoring in
all patients. The groups with abnormal left ventric-
ular remodelling showed higher mean systolic and
diastolic pressure and percent of systolic measure-
ments superior to 130 millimetres of mercury, whereas
only those with concentric hypertrophy showed a
higher percent of diastolic measurements superior to
80 millimetres of mercury.

In order to estimate the surgical results of repair
of aortic coarctation during a long-term follow-up,
we would like to stress the importance of obtaining
functional variables by exercise testing, estimation
of residual isthmic gradients, and ambulatory moni-
toring of blood pressure, in conjunction with the
echocardiographic data. Various clinical, echo, exercise
and ambulatory monitoring parameters correlated

with the mass index and the relative wall thickness
of the left ventricle on univariate and multivariate
analysis, but age and diastolic blood pressure were the
only independent variables associated with abnormal
left ventricular remodelling.

The principal limit of our study lies in the broad
range of age of the patients and the age at repair.
Mean age at repair was 11 years, which does not rep-
resent the standard practice nowadays, but unfortu-
nately many of these patients were referred late and
for this reason underwent surgery after childhood.
The post surgical follow-up duration is similar in the
four patterns of left ventricular remodelling groups,
but since chamber remodelling might be an age-
dependent process, we do not know what will hap-
pen to those with normal geometry when they get
older. Those with concentric remodelling and con-
centric hypertrophy are unfortunately rather small
to do relevant subgroup analysis.

In conclusion, children, adolescents, and young
adults after successful surgical repair of aortic coarcta-
tion and normotensive at rest, evaluated after a long-
term follow-up, may have an abnormal left ventricular
remodelling, more frequent in older subjects and in
those who underwent a late operation. The evaluation
of left ventricular mechanics by midwall indexes may
show a hyperdynamic state in these patients, except in
those with concentric hypertrophy.
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