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Intravascular ultrasonic assessment of post-operative
remodelling of aortic coarctation repaired by use of
a subclavian flap

Takashi Shimizu, Gengi Satomi, Satoshi Yasukochi

Nagano Children’s Hospital, Department of Pediatric, Nagano, Japan

Abstract Background: We have used intravascular ultrasound in an attempt to clarify the extent of vascular
remodelling of the aortic arch after the repair of aortic coarctation by use of a subclavian flap. Methods: We
investigated 13 patients with coarctation of the aorta, ranging in age from 1.4 to 43.0 months, with a mean of
20.8 months, who underwent aortoplasty by incorporation of a subclavian flap. The mean postoperative period was
19.6 months, with a range from 0.03 to 41.2 months. The luminal morphology of the aortic arch was evaluated
by intravascular ultrasound at the time of post-operative catheterization. Results: We observed 3 cases longitudi-
nally. Over the period of observation, we found three types of morphology of the aorta at the site of incorporation
of the subclavian flap, namely a snowman shape with two inflection points, a pisiform shape with one inflection
point, and a round shape without any points of inflection. There was a correlation between the cross-sectional
shapes at the site of the subclavian flap in the postoperative period (p < 0.01). In each case, we measured the
cross-sectional area at the site of subclavian flap, at the descending aorta, and at the distal aortic arch. The cross-
sectional area, and the increment of the cross-sectional area at the site of subclavian flap, was larger. Conclusion:
The shape of the lumen subsequent to repair of aortic coarctation changes progressively from a snowman, to
a pisiform, and finally to a round shape. Greater growth of the subclavian flap compared to the native wall of the
aorta was observed for at least the first 4 years after repair. This finding may improve our understanding of the
remodelling process of the arterial trunks after surgical repair.
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NTRAVASCULAR ULTRASOUND IS A USEFUL METHOD

for evaluating the morphological characteristics of

normal and diseased arteries. The coronary arteries
can be seen well by intravascular ultrasound. Thus far,
however, the method has not been extensively ana-
lyzed for evaluating the morphology and pathology
of the great vessels. To the best of our knowledge,
there has been no study in which intravascular ultra-
sound has been used to evaluate the repair of coarcta-
tion by incorporation of a subclavian flap, in which the
subclavian artery is turned down and used to enlarge
the narrow portion at the site of the aortic coarctation
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(Fig. 1). Both this procedure, and end-to-end repair,
is effective for repair of coarctation in young infants,
with the two approaches having a similar risk of recur-
rence.'* The aim of this study was to use intravascu-
lar ultrasound to assess the remodelling process of
the aorta after repair using a subclavian flap.

Materials and methods

Subjects

We studied 13 patients in whom aortic coarctation
had been repaired by turning down a subclavian flap
(Fig. 1) at Nagano Children’s Hospital during the
period from January 1996 through October 1999.
Of the patients, 6 were boys and 7 girls, with mean
age of 20.8, and a range from 1.4 to 43.0 months, at
the time of the ultrasonic study. They underwent
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Figure 1.

Use of the subclavian flap for repair of aortic coarctation. After ligating the left subclavian artery, the aorta and subclavian artery are opened.
The subclavian artery is divided distally and turned down to create the flap. ASC Ao: ascending aorta; DESC Ao: descending aorta; BC A:
brachiocephalic artery; LCC A: left common carotid artery; LSC A: left subclavian artery.

repair of coarctation at mean age of 37.4 days, with a
range from 3 to 120 days. The mean postoperative
period was 19.6 months, with a range from 0.03 to
41.2 months. We studied one patient only a day after
the operation, the patient having a problem with
low cardiac output syndrome due to residual coarcta-
tion. This patient, therefore, was catheterized while
considering re-operation.

In 3 of the 13 cases, we achieved longitudinal
examinations, with the total number of examinations
using intravascular ultrasound being 18. In 10 of the
13 cases, there were associated complex cardiac abnor-
malities. The remaining 3 patients had no intracardiac
abnormalities. The initial repair was successful in all
but one, being conducted without any pressure gradi-
ent or any morphological narrowing. Re-coarctation
developed in the outstanding patient, who had suc-
cessful balloon dilation at the time of catheterization
that included the intravascular ultrasonic examination.

Intravascular ultrasound

The luminal morphology of the aortic arch obtained
by intravascular ultrasound was evaluated at the
time of postoperative catheterization. The mean post-
operative period was 19.6 months, with a range from
0.03 to 41.2 months. The diagnostic apparatus
used was the Hewlett-Packard M2400A, with a
3.5 French Sonicath (Boston-Scientific: 20/30 MHz,
Boston, USA). The fluoroscopic view was displayed
in the same cathode-ray tube screen as the intra-
vascular ultrasonic image, permitting recognition of
the position of the tip of the ultrasonic catheter.
After catheterization, we measured cross-sectional
area and the circumference of the vessel lumen by
retrospective review of the videotape, measuring these
two parameters at the level of the descending aorta,
at the subclavian flap, and at the distal arch.
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We measured cross-sectional area and civcumference ar three differ-
ent levels, the descending aorta 1 to 2 vertebral bodies above the
diaphragm, the subclavian flap, and the distal arch. DAoA: dis-
tal aortic arch; SCF: subclavian flap (isthmus); DAo descending
aorta.
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Methods

We compared the luminal cross-sectional configura-
tion at the site of the postoperative aortic isthmus.
We measured the cross-sectional area, diameter, and
circumference from an intravascular ultrasonic image
obtained at end-systole (Fig. 2). We chose the precise
site of the subclavian flap by comparing the fluoro-
scopic view displayed by intravascular ultrasound with
aortography. The luminal shape was observed while
pulling back the catheter, changing from a circle to
a distorted form, and finally returning to a circle. We
deemed the site of maximal distortion to be the site
of insertion of the subclavian flap.

The architecture of the aortic wall was analyzed
to establish whether there was a difference between
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A: “snowman”

B: “pisiform”
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the native aortic wall and the subclavian flap, and
whether the expected mural architecture was observed.
These were analyzed carefully from the ultrasonic
images as seen on the screen of the cathode-ray tube.

Results

We were able to divide the luminal cross-sectional con-
figurations into “snowman”, “pisiform”, and “round”
shapes, with 5 patients showing a snowman config-
uration, 7 a pisiform shape, and 6 having a round
appearance. There were two points of inflection with
the snowman shape, one inflection with a pisiform,
and no inflections when the shape was round (Fig. 3).
There was a significant correlation between the lumi-
nal cross sectional configuration and the period sub-
sequent to surgical repair (p < 0.01). The snowman
shapes were observed after a period of 3.7 * 4.5
months, the pisiform shape after 18.6 = 8.1 months,
and the round shape at 33.9 £ 5.9 months after the
surgery (Fig. 4). There was no correlation between
the cross-sectional shapes and the preoperative mor-
phology of the aortic arch, including the diameter
of the subclavian artery and of aortic isthmus before
the surgical procedure as measured by angiography.
Neither was any correlation found between blood pres-
sure and the postoperative shape of the aortic arch.

The morphological changes could be followed
longitudinally in three patients, with progression
from a snowman through a pisiform to a round shape
being seen in one case, from a snowman to a pisiform
shape in a second patient, and from a pisiform to a
round shape in the other patient.

We charted the relationships between the post-
operative period in months and the cross-sectional area
measured in centimeters squared at the site of distal
aortic arch, the subclavian flap, and the descending
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C: “round”

Figure 3.

Examples of postoperative intravascular
ultrasonic findings showing A: the snowman
shape, B: the pisiform shape, and C: the round
shape. The small arrows show the points of
inflection. 'The white arrow in the lower left
panel shows the point of inflection looking
brighter.
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Comparison of the post-operative period among the three groups.

aorta (Fig. Sa), and also between luminal circumfer-
ence and the postoperative period (Fig. 5b). Both area
and circumference increased during the postoperative
period, with the cross-sectional area and the circum-
ferential length of the descending aorta and distal
aortic arch increasing in parallel fashion. The relation-
ship between cross-sectional area and postoperative
period was expressed as y = 0.015x + 0.26 in the
descending aorta, y = 0.013x + 0.26 in the distal
arch, and y = 0.031x + 0.34 at the subclavian flap.
The relationship between circumferential length and
postoperative period was expressed as y = 0.039 +
1.83 in descending aorta, y = 0.036x + 1.89 in distal
arch, and y = 0.056x + 2.29 at the subclavian flap.
The regression lines for the descending aorta and distal
arch mimicked normal aortic growth. In contrast,
the steeper slope at the site of the subclavian flap
indicates increased growth of the postoperative aortic
isthmus. Aortic angiography done at the same time
as the intravascular ultrasonic examination showed
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Correlations between (a) the cross-sectional area and the time after repair and (b) the cross-sectional circumference and time after repair,
with measurements made at end-systole. O: at the subclavian flap segment; /\: at descending aorta; ®: at distal arch.
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Figure 6.
Aortography from a patient after repair using the subclavian flap
shows dilation of the isthmic portion (arrow) at the site of the flap.

a dilated segment at the site of the subclavian flap
(Fig. 6).

When assessing the architecture of the aortic wall at
the subclavian flap, we found that the points of inflec-
tion appeared brighter than the remaining wall in
those with snowman and pisiform configurations. No
significant differences were found, however, between
the original aortic wall and the wall of the subclavian
artery except at the points of inflection. Because of
this, in those with round configurations it was hard
to decide whether any given site was the wall of the
native aorta or the subclavian arterial wall. A trilami-
nar structure was observed at the site of the subclavian
flap in 14 (78%) of the ultrasonic studies. In those with
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pisiform arches, careful and simultaneous comparison
of the fluoroscopic and ultrasonic images revealed
that the point of inflection on the side of the greater
curvature of aortic arch merged earlier than that on
the other side in 5 of 7 cases.

Discussion

It is widely accepted that intravascular ultrasound is
a useful method for the morphological evaluation of
vessels, particularly the characteristics of their walls.>*
Intravascular ultrasound is also an important method
for quantitative analysis of the vessel lumen, and
can provide dynamic images.>® Although some have
investigated aortic coarctation using intravascular
ultrasound,”® as far as we are aware ours is the first
study to examine the remodelling process of the aortic
arch subsequent to repair using a subclavian flap. We
observed changes in luminal configuration in terms
of diameter, cross-sectional area, and circumferential
length in patients corrected during infancy.” We
observed significant morphological changes at the
site of insertion of the subclavian flap, from a dis-
torted configuration to one of symmetry, and finally
to a round shape over time.

It has been noted that, because of the artifactual
distortion of intravascular ultrasonic images, circular
arteries are seen as noncircular vessels.'’ We avoided
this artifact by placing the intravascular ultrasound
catheter as parallel to the wall of the descending aorta
as accurately as was possible.

As the configuration of the repaired segment
changed from a snowman to a round shape, the point
of inflection at the outer curvature disappeared earlier
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than did the inflection on the other side. As shown
in Figure 5, the increment in the cross-sectional area
of the subclavian flap was greater than the expected
normal growth as observed in the descending aorta
and distal arch, the subclavian flap itself therefore
growing more rapidly than normal. The luminal cross-
sectional area at this site increased, either by a process
of smoothing, or in the process of the merging at the
point of inflection. We found a significant correlation
between the luminal configuration at the site of the
subclavian flap and the period subsequent to opera-
tive repair. As time goes by, under the influence of
blood pressure, the subclavian flap almost became
equivalent to the morphology of the normal aortic
wall. In children with pulmonary hypertension, it has
been shown that the pulmonary arterial wall is thicker
than that of control children, with the ultrasonic
images demonstrating a trilaminar appearance for the
wall.'!'2 The blood pressure at the aortic isthmus
rises after incorporation of the subclavian flap, which
may cause endothelial proliferation. As a result, a tri-
laminar appearance frequently becomes visible over
long-term post-operative period. Following long-term
post-operative follow-up, the circular intimal layer
can no longer be distinguished from a normal aorta,
possibly due to uniform growth of intimal cells.

By measuring both circumference and cross-
sectional area, we showed that the development of
the distal arch was no different from that of the
descending aorta. The growth of the subclavian flap
itself, in contrast, was more rapid than that of the
descending aorta and distal arch, while there was no
difference between the luminal cross-sectional area
at the site of the subclavian, the distal arch, or the
descending aorta shortly after the operation. This sug-
gests that the postoperative aortic wall grows not only
on the native aortic side, but also on the side of the
subclavian flap.'? Kino et al.'* reported late aneurys-
mal formation in one patient repaired using subcla-
vian flap aortoplasty. This may be the consequence
of an abnormal excessive extension of the subclavian
arterial flap, albeit that this complication is rare when
the subclavian flap is used for repair.

Thus, we have demonstrated significant remodel-
ling of aorta, including changes in luminal shape and
development, after repair of aortic coarctation using
the subclavian flap. We have shown that intravascular
ultrasound provides a unique technique for evaluating
the morphology and the characteristics of the aortic
wall, and may help still further to improve the under-
standing of aortic remodelling. We accept, nonetheless,
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that the number of our patients examined in a longi-
tudinal fashion is small, and we have made no com-
parison with alternative methods of repair such as
the end-to-end anastomosis.
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