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Abstract Objectives: We undertook this study to assess the immediate and long-term outcome of balloon 
angioplasty performed for recurrent or residual coarctation of the aorta, and to assess the changes in the 
vessel wall caused by this procedure. Metbods: Clinical, echocardiographic, angiographic and hemodynamic 
data from 71 patients who underwent baiioon angioplasty for recoarctation between January 1987 and 
January 1998 were analysed retrospectively Results: Angioplasty was performed after a median of 82.6 
months (range 1.4 mo - 20.9 y, mean 88.5 mo) following surgery for coarctation. Mean systolic pressure 
gradients were reduced from 2 7 2  15 mmHg to 11 + l lmmHg after angioplasty (P< 0.0001). The mean 
diameter at the site of recoarctation increased from 5.5 k2.5  to 7.5 k2.7 mm (P< 0.0001). Outpouchings of 
contrast agents, indicating the disruption of the inner layers of the vessel wall, were defined as extravasa- 
tions. They were observed in one-quarter of the angiograms performed immediately after the intervention. 
Immediate success of angioplasty was achieved in 71%, and persisted in 69% of patients during long-term 
follow up. The main determinant for immediate success was the age at the time of the procedure (p<0.05), 
while the main determinant for long-term success was the increase achieved in diameter. Extravasations did 
not Progress to aneurysms, neither acutely nor during echocardiographic follow-up studies. For further 
follow-up, more sensitive imaging techniques will be necessary to delineate the morphology of the site of 
extravasation observed immediately after angioplasty. 
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ECOARCTATiON AFTER SURGICAL REPAIR OE 
aortic coarctation or interruption of the R ortic arch remains a clinical problem, with a 

reported incidence of up to two-thirds after any 
type of initial surgery. Recoarctation is particularly 
seen in patients who underwent surgical 
management during infan~y.'-~ Many of these 
patients require reintervention. Repeated surgery 
for recoarctation, however, carries significant rates 
ofmortality, up to 41% in early series, and from 3% 
to 7.3% in recent publications. On  average, signif- 
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icant morbidity is encountered in one-third of 
cases. Rates of mortality after angioplasty for aortic 
recoarctation, in contrast, vary between 0% and 
2.5%.38J,9J0 Further recoarctation after balloon 
angioplasty, occurring in about one-fifth of c a s e ~ , ~ J  
is no more frequent than after a second oper- 
a t i ~ n . ~ ~ ' J '  

A major concern with regard to angioplasty, 
however, is formation of aneurysms, a complication 
said to occur in up to two-fifths of cases, or rupture 
of the wall of the vessel.' Aneurysms, nonetheless, 
are also reported after repeated s~ rge ry .~ , ' ~  
Comprehensive data concerning the impact of 
angioplasty on clinical outcome, and on the prop- 
erties of the vessel wall, are limited.3-J The aim of 
our study, therefore, was to assess angiographic 
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" details at the site of dilation, to determine the The median age of patients at angioplasty was 8.5 
frequency of angiographic extravasations, and to years, with a range from 2 months to 24.0 years, 
analyse the long-term results of angioplasty in a and a mean of 8.6 years. Median weight was 23.6 
larger group of patients having aortic recoarctation kg, with a range from 3.4 to 69.1 kg, and a mean of 
after primary surgery for coarctation. 29.8 kg. 

All angiographic studies were reevaluated bv a 

Materials and methods 

From January 1987 to January 1998, we 
undertook balloon angioplasty in 71 children with 
recoarctation after surgery for aortic coarctation at 
two collaborating Centers for paediatric cardiology 
(German Heart Center Munich, Germany, and 
Department of Paediatric Cardiology at the 
University Hospital Innsbrnck, Austria). The 
median age at surgery was 14.7 months, with a 
rangefrom 2 days to 15.7 years, and amean of 21.5 
months. In 56 patients, surgical repair had been 
performed before the age of 12 months. The type of 
initial surgery was resection of coarctation with 
end-to-end anastomosis in 62 cases, patch angio- 
plasty in 4, subclavian flap angioplasty in 3, and 
end-to-side anastomosis in 2 patients with inter- 
ruption of the aortic arch. 

For re-evaluation, patients were selected on the 
basis of non-invasive data, including physical 
examination and measurement of blood pressure at 
rest, during exercise and in a 24-hour ambulatory 
blood pressure recording. Indications for re-evalu- 
ation were a non-invasive systolic blood pressure 
gradient between the arms and legs of more than 
20 m~nHg,~, '> '  a resting systolic blood pressure 
exeeding the 95'h percentile of age, andlor a patho- 
logical hypertensive profile during bicycle 
ergometry or during a 24-hour ambulatory blood 
pressure r e~o rd ing .~J~  

At angiography, recoarctation was considered 
significant, and balloon dilation was decided to be 
indicated, if the diameter at the recoarcted site was 
213 or less of the diameter of the descending aorta at 
diaphragm level andlor if the systolic peak-to-peak 
gradient exceeded 20 mmHg. In patients with 
extensive collateral circulation, even smder  
gradients were regarded as recoarctation. Cases with 
a long tubular stenotic segment were excluded. 

Angioplasty was performed using techniques 
previously de~cribed. '~, '~ Balloons were selected 
depending on the size of the descending aorta. The 
ratio between the diameter of the balloon and the 
descending aorta was taken at 0.9k0.2. This 
resulted in a ratio of 2.320.77 between the 
balloons and the recoarcted Segments. The balloon 
was inflated for between 10 and 60 seconds. 
Angioplasty was performed after a median of 82.6 
months, with a range from 1.4 months to 20.9 
years, and a mean of 88.5 months after surgery. 

single investigator. Measurements were made at 
end-systole and corrected for magnification using 
calibration scales or with reference to the known 
size of the catheter used for angiography. 

Immediate results of angioplasty were 
considered successful if the postinterventional 
systolic gradient was less than 20 mmHg. For 
patients with gradients less than 20 mmHg before 
angioplasty, success was defined as a gradient 
reduction of at least 5 mmHg in combination with 
a distinct augmentation of the diameter of the 
recoarcted segment. The increase in diameter is 
expressed as a percentage of the diameter of the 
stenotic segment prior to d i l a t i~n . ' .~J~  

In the postprocedural angiogram, little wedges 
or thin streaks paralleling the contour of the main 
stream of intravascular contrast agent were inter- 
preted as extravasations within the layers of the 
wall of the vessel. 

In contrast to such extravasations, aneurysms 
were defined as protrusions with a radial extension 
reaching at least one-fifth of the aortic diameter.16 
For calculation of proportions, we used the 
diameter of the descending aorta. Nine variables of 
selection of patients and technique were tested in 
respect to their influence on immediate and long- 
term outcome (Table 1): 

Age at operation 
Interval between operation and angioplasty. 
Diameter of stenosis relative to the descending 
aorta 
Length of the stenosis relative to the diameter of 
the descending aorta 
Ratio of diameter of the distal aortic arch relative 
to the descending aorta 
Peak systolic gradient before angioplasty 
Ratio of diameter of the balloon to the recoarcted 
segment 
Ratio of diameter of the bdoon  to the 
descending aorta 
Increase in diameter 

Long-term success was defined by freedom from 
complications, which were assessed clinically and 
by cross-sectional echocardiography, and by non- 
invasive blood pressure gradients of less than 20 
mmHg or, if gradients were not available, by a 
systolic blood pressure below the 95'h percentile for 
age. 
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Figure 1.  
A: Recoarctation in a 6-yea~old malepatient afer coarctectomy 
und end-to-endanastomorir at the age of 4 weeks, angiogram 
before balloon angiopLzsty. B G C: Extravasation at the convex 
side ofthe dilatedregment in the fon  ofa stveak (1 x 5 mm) in 
connection with und pavalieiing the main stream of contrat 
material in rhe aortic Lumen, immediately afev angioplarty. B: 
Conventionalangiogvam. C: Afiev contour enhancanent. 

Discussion According to the definition that in aneurysms the 
Formation of aneurysms is the most important ~utpouching exceeds 20% of the nominal diameter 
complication after balloon dilation of aortic cnarc- 0f the associated vessel,16 there were no true 
tation and recoarctation. The reported cumulative aneurYsms ~bserved in the early ~ostinte~entional 
frequency of such complications early after angio. angiographic studies carried out in our patients. 
plasty for coarctation is from 5.3% to 6.3%.'J In one-quarter of our patients, however, we 
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found smaller protrusions or streaks of contrast 
material, which we have described as extravasa- 
tions. The morphology of these lesions resembles 
the morphology of intimal flaps and of disruption 
of the inner wall of the vessel delineated by 
intravascular ultrasound." Studies comparing 
angiography and intravascular ultrasound for the 
assessment of tears and dissections have been 
conducted in small groups of patients after balloon 
dilation of different types of vessels."J8 They have 
revealed an angiographic frequency up to two- 
fifths for tears and dissections. 

It can be hypothesized that extravasations are 
equivalents of a disintegration of only the inner 
layers of the vessel wall, and that they do not have 
any serious negative impact on the ptoperties of the 
wall. In contrast, in true aneurysms all layers of the 
wall are disrupted. 

This retrospective study did not show the possi- 
bility to prevent extravasations by setting limits for 
any of the variables of the technique listed in Table 
1, or by selection of patients with regard to the 
characteristics noted in Table 1. 

Particularly, their frequency was not intluenced by 
the immediate increase in diameter. In the range of 
balloons we used, with the ratio of the balloon to the 
descending aorta of 0.9k0.2, use of larger baiioons 
did not increase the risk of formation of the extrava- 
sations. It has to be proved that the obsenred lesions 
do not represent a risk for future aneutysmal 
formation. Studies have reported the development of 
aneurysms up to 36 months after the inter- 
venti~n.",'~-~' At long-term follow-up, up to 10.8 
years after angioplasty, none of out patients with 
extravasations in the early postinterventional 
angiogram had echocardiographic evidence of 
aneurysmal formation at the site of ballooning. In 
our opinion, the present data justify the estab- 
lishment of our definition for these lesions, and show 
that they do not predispose to serious short term or 

the indication and assessment of efficacy ' 
Theoretically, in case of recoarctation, a correlation 
between invasive peak-to-peak systolic pressure 
gradients and gradients established using Doppler 
measurements cannot be expected, because the 
Bernoulli equation is not applicable due to the 
longitudinal expansion and the asymmetric 
morphology of the recoarcted segments. In fact, in 
out study, gradients assessed in the arms and legs 
did not correlate with those measured using 
Doppler. Because of this, we did not use the 
Doppler-derived values for decision making or 
further calculations. 

Concerning the characteristics influencing the 
efficacy of balloon angioplasty, the results in the 
literature are inc~nsistent?,~~~.~~'~~~~~~~ In our study, 
the age of the patient was the most significant 
variable for immediate outcome, and also had a 
strong influence on long-term outcome, with better 
results found in younger patients. Consequently, we 
now endorse those who advocate bdoon  dilation as 
soon as the recoarctation is d i s ~ o v e r e d . ~ ~ ~ ~ ~ ~ ~  
Moreover, we found that patients with smaller 
diameters prior to dilation achieved better long- 
term results, as have others?b5J5 The correlations 
observed in our study demonstrate that patients at a 
younger age with tighter segments of recoarctation 
are the most ptomising candidates for balloon 
angioplasty Nevertheless, the results of the study 
do not justify excluding patients without these 
features from this mode of therapy. 

After more than a decade, therefore, balloon 
angioplasty of postoperative recurrent or residual 
coarctation has become the treatment of choice. 
Further apptopriate investigations, using sophisti- 
cated imaging modalities, are needed to clarify the 
safety of balloon dilation with regard to the long- 
term impact of the harm produced on the wall of 
the aorta. 
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