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Abstract

Objective: Coarctation of the Aorta (CoA) is a relatively common cardiovascular disorder. The present study aimed
to evaluate the effect of COA anatomy and high versus low-pressure balloons on the outcome of balloon angioplasty
among neonates and infants.

Methods: In this retrospective study, the neonates and infants undergoing balloon angioplasty at Namazi hospital
were enrolled. After balloon angioplasty, immediate data results were promptly recorded.Moreover, midterm echo-
cardiographic information was collected via electronic cardiac records of pediatric wards and clinical and echocardio-
graphic data at least 12 months after balloon angioplasty. Finally, data were analyzed using SPSS-20.

Results: In this study, 42 infants were included. The median age at the time of balloon angioplasty was 1.55

(range 0.1-12) months and 66.7% of the patients were male. The mean pressure gradient of coarctation was

3849 424.97 mmHg, which decreased to 7.61 +8.00 mmHg (P <0.001). A high-pressure balloon was used in 27, and
a low-pressure balloon was used in 15 patients. COA’s pressure gradient changed 30.89 4 18.06 in the high-pressure
group and 24.53 £20.79 in the low-pressure balloon group (P =0.282). In the high-pressure balloon group, 14.81%
and in the low-pressure group, 33.33% had recoarctation and need second balloon angioplasty (p <0.021). The infant
with discrete coarctation had a higher decrease in gradient and lower recoarctation.

Conclusion: Recoarctation rate was lower in the high-pressure balloon. The infant with discrete COA had a better
response to the balloon with more decrease in gradient and lower recoarctation rate. Therefore, the stenotic segment
anatomy needs to be considered in the selection of treatment methods.
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Introduction

Coarctation of the aorta (CoA) is the fifth common con-
genital heart defect and includes almost 6—-8% of all con-
genital heart diseases, which is estimated to occur one in
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every 2500 births [1, 2]. Like other left-sided obstructive
heart defects, CoA is more common among boys(male to
female ratio=1.23 to 1.74) [3, 4]. The clinical manifes-
tations of CoA vary from an infant with heart failure to
asymptomatic systemic hypertension or murmur in chil-
dren and adults who are accidentally diagnosed in clinical
examinations [1].

If there is no action to correct CoA, most patients
will die during infancy, but in survival cases, it will be
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associated with cardiac morbidity and mortality. In
the largest study on the natural course of the disease
by Campbell et al, a mean lifetime of 34 years was
reported for patients with CoA if they survived the first
year of life. The leading causes of death were heart fail-
ure (25%), aortic dissection (21%), bacterial endarte-
ritis (18%), and intracranial hemorrhage (ICH) (12%),
respectively [5]. Treatment involves thoracotomy and
correction of stenosis using various techniques, the
most widely used, including excision of the stenosis
area and end-to-end anastomosis, balloon angioplasty,
and percutaneous stenting [1].

Surgery was the only option for CoA treatment dur-
ing four decades. Thereafter, balloon angioplasty was
introduced as a less invasive procedure in 1982 [6].
Balloon angioplasty was performed through the femo-
ral artery or femoral vein, and also cutting balloon
was used for angioplasty [7]. As it was mentioned, the
mortality rate is remarkable in the surgical repair of
COA. However, surgery compared to native CoA sur-
gery is challenging in recoarctation and is associated
with a high mortality and morbidity rate, particularly
in neonates. In such patients, the less invasive balloon
angioplasty is the preferred technique [8, 9]. Some
studies have not considered a ideal technique for early
treatment of CoA because of considerable residual or
recoarctation rates (about 27%), organ ischemia, and
aneurysm formation compared to surgical procedures,
particularly in infancy [8—10]. On the other hand, mid-
term results of this technique including recoarctation
and aneurysm have been reported to be better and
comparable with surgical methods in elder children,
adolescents, and adults than in neonates [8, 11].

The most common complication second to balloon
angioplasty is an injury to the femoral artery, which
is common in children<1 year of age. However, its
prevalence has decreased since the introduction of the
low-profile balloon [11]. Less common complications
include femoral artery bleeding and cerebrovascular
events (CVA). Paradoxical hypertension is rare in bal-
loon angioplasty [12]. Overall, aortic rupture, aneu-
rysm formation, recoarctation, and death are likely to
occur in both methods [13]. Each method has some
advantages and disadvantages, particularly in infants.
Moreover, due to the duration of the follow-up period
and the low numbers of patients in different studies, it
is impossible to prioritize each method accurately [14,
15].

The present study aimed to evaluate the immediate
and midterm results of CoA balloon angioplasty among
infants with native CoA according to the COA segment’s
anatomy and tocompare the outcome of low-pressure
and high-pressure balloons.
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Methods

In this retrospective study, all infants undergoing bal-
loon angioplasty at Namazi hospital affiliated with Shiraz
University of Medical Sciences, Shiraz, Iran, from Janu-
ary 2015 to January 2018 were enrolled. Samples were
selected by convenient and available sampling method.
Inclusion criteria were neonates and infants (<1 year of
age) who had electronic records and followed-up at least
for one year after balloon angioplasty and had a discrete
stenosis segment. But the patients with ages>1 year, no
access to follow-up results, COA associated with com-
plex intracardiac congenital heart disease, and long seg-
ment hypoplastic aortic arch without discrete stenosis
not suitable for balloon angioplasty were excluded.

Data of immediate results of balloon angioplasty were
recorded from catheterization charts. Also, midterm
echocardiographic information was collected from an
electronic pediatric cardiac record at least 12 months
after balloon angioplasty. Additional information such as
age, type of balloon, size of the balloon, ascending aor-
tic pressure, descending aortic pressure, COA gradient,
response to balloon dilation, ascending aortic diameter,
descending aortic diameter, stenotic site diameter, and
complications were also recorded.

According to the anatomy of the aortic arch, the
patients were grouped to discrete coarctation (normal z
score of the proximal ascending aorta, distal ascending
aorta, aortic isthmus, and descending aorta,) (group 1),
hypoplastic aortic isthmus (Z score of aortic isthmus less
than -2) in association with discrete narrowing (group 2),
and aortic arch hypoplasia, was defined as an aortic arch
diameter less than 50% of the ascending (Z score of the
distal ascending aorta, aortic isthmus less than — 2 asso-
ciated with discrete narrowing (group 3) (Fig. 1).
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Data were analyzed by the Statistical Package for
the Social Sciences (SPSS) software (Version 20). The
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Mann—-Whitney U test and Chi-square were used to
compare groups and outcomes, respectively. Wilcoxon
test was used to evaluate the related samples. Person cor-
relation was used to evaluate the correlation. P less than
0.05 was considered statistically significant.

Results

In this study, 42 patients were included. The median
age at the time of balloon angioplasty was 1.55 (range
0.1-12) months, and 66.66% were male. In 42.85% of
patients, COA was associated with noncomplex chronic
heart diseases (CHD) such as the bicuspid aortic valve,
mild aortic stenosis, small patent ductus arteriosus,
mild mitral stenosis, and small ventricular septal defect
(VSD). Six patients had severe heart failure and acidosis
and needed starting prostaglandin E1 before the proce-
dure, and other infants had clinically compensated heart
failure with dilated left or right ventricle and pulmonary
hypertension that needed urgent intervention. The mean
diameter and length of the angioplasty balloon were
7.01+1.47 mm and 37.07 £ 11.40 mm.

Before the balloon angioplasty, mean ascend-
ing and descending aortic systolic pressures were
107.61+32.71 mmHg and 69.214+20.78 mmHg,
respectively; with a mean pressure gradient of
38.49 £ 24.97 mmHg that decreased to 7.61 +8.00 mmHg
(P<0.001) (Fig. 1). In addition, the mean days of admis-
sion were 9.72+4.02 days.

Out of 42 infants, nine patients needed reintervention
at the mean age of 7.57 +3.10 months. Table 1 compares
two groups of the infant who need reintervention and did
not need reintervention.

In this study, nine patients (21.42%) with a mean age
of 7.82+3.33 months who were mostly boys (77.81%),
required second balloon angioplasty. Mean angio-
plasty balloon length and diameter were 9.11 £ 1.54 and
36.67 £5.32, respectively. Before the second balloon

Table 1 Comparison between the infant who needs reintervention and did not reintervention in fist balloon angioplasty of

coarctation of the aorta

Variables Mean +SD p value
Non reintervention (n=33) Reintervention (n=9)
Age (month) 246+£289 257+£3.10 0.030
Balloon/coarctation ratio 352£0.79 3164061 0.257
Descending thoracic aorta dimension (mm) 6234184 5714+1.71 0.154
Preprocedural coarctation diameter (mm) 1.98+0.82 1.68+0.78 0.146
Preprocedural gradient (mm hg) 384942497 33.71+£23.12 0.643
Postprocedural coarctation diameter (mm) 517+£1.72 4.89+1.88 0471
Post procedural gradient (mm hg) 6.91+6.20 8331468 0.296
z-value of the transverse arch —2544+145 —3124+234 0.257
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angioplasty, the mean gradient was 44.47 &+ 34.14 mmHg
that decreased to 9.02+4.14 mmHg after angioplasty
(P=0.022). One patient underwent a third balloon angio-
plasty during the study (Table 2).

Effect of high-pressure balloon

A high-pressure balloon was used in 27, and a low-pres-
sure balloon was used in 15 patients. COA’s pressure gra-
dient changed 30.89+18.06 in the high-pressure group
and 24.53420.79 in the low-pressure balloon group
(P=0.038).

Out of 27 patients who had high-pressure balloon
angioplasty four patients (14.81%) had recoarctation
and needed second balloon angioplasty, and out of 15
patients, who had low-pressure balloon angioplasty, five
(33.33%) patients had recoarctation and needed second
balloon angioplasty (p<0.021). One patient in the low-
pressure group needed third balloon angioplasty, but no
patient in the high-pressure group needed a third balloon

(Fig. 2).

Effect of aortic arch anatomy

Out of 42 patients, 19 patients had discrete coarctation,
12 patients had hypoplastic isthmus with discrete ste-
nosis, and 11 had a hypoplastic aortic arch with discrete
stenosis.

The mean decrease of the gradient was 40.23 +10.62,
32.194+20.12, and 31.75+19.82 in group 1, group 2, and
group 3, respectively (P =0.037).

Recoarctation was in one patient (5.26%) in group
1, three patients (25.00%) in group 2, and five patients
(45.45%) in group 3.

In the follow-up, three cases of aneurysm formation
at the site of angioplasty. One aneurysm was with a low-
pressure balloon, and two aneurysms were with a high-
pressure balloon. All the aneurysms were in group 2 of
aortic arch anatomy. Two patients had a loss of pulses for
24 h after the balloon angioplasty that improved by hepa-
rin infusion.
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There was no statistically significant correlation
between balloon diameter and change of gradient
(P=0.75).

Discussion

This study aimed to evaluate the effect of coarctation of
aorta anatomy and balloon profile on the outcome of bal-
loon angioplasty in infantile coarctation.

Recoarctation was lower in infants with discrete coarc-
tation anatomy without arch or isthmus hypoplasia.
Therefore balloon angioplasty may be an excellent choice
for this patients’ group.

In this study, immediate results after balloon angio-
plasty showed a significant decrease in COA gradient
after high pressure and low-pressure balloons, but high-
pressure balloons showed more decrease in coarctation
gradient.

Management of COA is indicated when the gradient
during cardiac catheterization is more than 20 mmHg
[5, 16]. In the present study, all the infants had a

Total patients
42
High pressure Low pressure
balloon balloon
27 15
Need 2ed Need 2ed
balloon balloon
4 5
Need 3rd
balloon
1
Fig. 2 The outcomes of using high pressure versus low-pressure
balloon

Table 2 Demographic information and first CoA balloon angioplasty in infants with native CoA

Variable Mean+SD p value
<1mo(n=8) 1-3mo (n=9) >3 mo (n=25)

Age (month) 0424032 1.994+0.66 16.10£9.27 -
Balloon diameter (mm) 6.54+0.96 7.16+1.26 724311 0.062
Pressure gradient before balloon (mm Hg) 2838+10.17 382141371 419941511 0213
Pressure gradient after balloon (mm Hg) 8424421 7914379 0.81+564 0.125
Recoarctation rate number (%) 4 (50) 3(333) 2(8) 0.035
Admission duration (day) 15.07+£12.64 7954996 267+1.15 0.539
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peak gradient of more than 20 mm Hg. That gradient
decreased to below 20 mmHg just after balloon angio-
plasty. In a study by Oswal et al. (n=44 infants), the
mean gradient was decreased from 48.05415.26 mm Hg
to 10.97 5.8 mm Hg and showed a successful immediate
result after the balloon angioplasty of COA [17]. Reduc-
tion in peak-to-peak pressure gradients across the COA,
a significant increase in COA diameter by angiography,
improved heart failure, and decreased hypertension fol-
lowing balloon angioplasty of COA reported in some
studies [18-24].

In this study, 21% of infants needed reinterven-
tion. Other studies have reported a reintervention rate
between 6 to 53% for recoarctation of the aorta. There
was no statistically significant difference between the
patients who need reintervention and others in the age
of first balloon angioplasty, the stenotic part’s diameter,
pressure gradient before the first balloon, and pressure
gradient after first balloon angioplasty. Also, other stud-
ies showed no difference between the two groups. The
recoarctation rates were related to age at angioplasty
than to the route, which the procedure was performed,
and recoarctation was more in the neonate (<30 days)
[25].

In our study, the pressure gradient of COA decreased
more in the high-pressure balloon group, and the rate of
recoarctation was significantly lower in this group. For
balloon angioplasty of COA, low profile balloons like
Tyshak II balloons, which may be introduced through
4-French sheaths or Mini-Tyshack and can be entered via
3-French sheaths should be used. But a new high-pres-
sure balloon for peripheral angioplasty has a low profile
and can be entered via 5-Frech sheaths that can be used
in infants [19].

Similar studies in all age groups reported the effect of
balloon angioplasty immediately after the procedure. A
low-pressure balloon is recommended for infants with
a small body, particularly in cases with native CoA.
In recoarctation cases, the site of aortic tissue usually
undergoes some degree of fibrosis. Thus, a low-pressure
balloon may result in inconsistent results. However, the
infant is usually provided with sufficient time to grow for
stenting at an elder age [7]. In the present study, it was
observed that the angioplasty balloon-type had no effects
on ascending and descending aortic systolic pressure
gradients in infants with native CoA, and the immedi-
ate results were similar after angioplasty with both types.
Despite this finding, there was a difference between the
two balloon types in terms of recoarctation, aneurysm,
and mortality remains unclear.

In another study by our team, the rate of recoarctation
was reported at four percent in children>1 year of age
[26], which is less than that the result of the present study
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(21.4%) and a rate of 7-30% reported [27]. Regarding the
higher incidence of recoarctation in neonates than in
elderly patients following balloon angioplasty, it may be
explained that despite the rapid control of rupture and
elongation in the intima and media with the balloon, the
residual abnormal ductal tissue results in elastic recoil at
the coarctation site. Besides, smooth muscle proliferation
induces intimal hyperplasia, and the above two cases pre-
dispose the patient to recoarctation [28]. Some evidence
by Atalay et al. presented that histologic findings such
as neointimal proliferation, aortic intimal fibrosis in the
arterial root, and ductal residual tissue debris together
with a high-pressure gradient before balloon angioplasty
can lead to an increased chance of recoarctation [29].

In this study, all age groups had similar immedi-
ate responses to decreased gradient, but age groups
of <1 month had more recoarctation than 1-3 months
and 3-12 months. Similarly, Sen et al. reported that their
studied parameters had no effects on recoarctation, and
only the presence of residual coarctation in pre-discharge
echocardiography was an independent predicting param-
eter [28].

In this study, the post-balloon angioplasty aneurysm
rate was 7.2%, which varies widely (5-43%) in different
studies. This discrepancy can be related to technical dif-
ferences, duration of the follow-up period, lack of sys-
tematic imaging during follow-up in many studies, and
differences in the aneurysm detection criteria [30, 31].
It is noteworthy that the extent and mechanism of aneu-
rysm formation in CoA may also be explained by elastic
fibers’ rupture [32]. One aneurysm formation was in the
low-pressure group and two of them were in the high-
pressure group. Besides, all aneurysm formation was in
group 2 of arch anatomy with hypoplastic isthmus that
can be explained by dog bone shape formation during
balloon angioplasty in this patients’ group.

It is still challenging to select the surgical technique
or balloon angioplasty because most previous studies
were retrospective and single-centered and evaluated
the method that selected by health centers and sur-
geons. In most studies, there is a short follow-up period
for the patients and limited data on mortality rates,
and both methods are associated with the possibility
of aortic rupture, aneurysm, recoarctation, other com-
plications, and even death [13]. However, the evidence
suggests several benefits for balloon angioplasty com-
pared to surgery in neonates, especially those aged less
than three months, and there is a considerable mortal-
ity rate in neonatal surgical technique. Furthermore,
surgery is very challenging in recoarctation and it is
associated with high morbidity and mortality, particu-
larly in neonates, compared to native CoA surgery [8,
9], with a reported mortality rate of 0.7% [32]. One of
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the disadvantage of balloon angioplasty is higher risk
of recoarctation compared to surgery; however, angio-
plasty or stenting is the choice technique, and surgery
is avoided in the cases with recoarctation. Although
the rate of the aneurysm is relatively higher in balloon
angioplasty, most patients undergo follow-up and con-
servative treatment and do not experience surgery [29].
Overall, balloon angioplasty outcomes seem to be close
to surgical results in infants <3 months of age in terms
of treatment options, but with fewer complications,
shorter intubation duration, and more extended hospi-
tal stay [33]. Therefore, balloon angioplasty is effective
in neonates and has advantages over surgery. However,
selective treatment depends on the patient’s age and
clinical status, the stenosis’s anatomy, and its adjacent
structures [11, 34].

The present study suffers from some limitations, and
small sample size to evaluate all related complications,
and a lack of long-term follow-up.

Conclusion

Generrally, there was no statistically significant differ-
ence between a high-pressure balloon and a low-pres-
sure balloon to decrease the COA pressure gradient. The
recoarctation rate was lower in the high-pressure bal-
loon. The infant with discrete COA had a better response
to the balloon with more decrease in gradient and lower
recoarctation rate. Therefore, the stenotic segment anat-
omy needs to be considered in the selection of treatment
methods.

Acknowledgements
We would like to acknowledge miss Sobhani because of her kind patience
and her help in pediatric echocardiographic room.

Authors’ contributions

HA and NM: writing and preparation of the manuscript. ME and HM and AN:
data analysis. NN and SS and NB: data gathering and analysis. AA: Grammar
analysis. All authors read and approved the final manuscript.

Funding
The study was semi funded by Shiraz University of Medical Sciences.

Availability of data and materials

We state that the data used and/or analyzed during the current study are
available from the corresponding author on reasonable request. Data sharing
is applicable to this article and datasets were generated and analyzed during
the current study and data sharing is allowed.

Declarations

Ethics approval

In accordance with the local ethical standards of University of Medical Sci-
ences research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards, all procedures were performed
and all experimental protocols were approved by Shiraz University of medical
sciences (Ethical committee) with Ethic code IRSUMS.MED.REC 1398.346.

Also because all of patients in this study were under 18 years the consent was
obtained from their parents.

Page 6 of 7

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Neonatal Research Center, School of Medicine, Shiraz University of Medical
Sciences, Shiraz, Iran. Pediatric Department, School of Medicine, Namazi
Hospital, Shiraz University of Medical Sciences, Shiraz, Iran. >School of Medi-
cine, Shiraz University of Medical Sciences, Jahrom, Iran. “The Cardiovascular
Research Center, Shiraz University of Medical Sciences, Shiraz, Iran. >Student
Research Committee, Shiraz University of Medical Sciences, Shiraz, Iran.

Received: 14 May 2021 Accepted: 22 November 2021
Published online: 15 December 2021

References

1. Molaei A, Bilejani |, Zeinalzadeh A. Early results of balloon angioplasty
of native coarctation of aorta under 2 years old. Crescent J Med Biol Sci.
2017;4(2):69-73.

2. Crafoord C. Congenital coarctation of the aorta and its surgical treatment.
JThorac surg. 1945;14:347-61.

3. American Academy of P. Report of the New England regional infant
cardiac program. Pediatrics. 1980;65(2):377-461.

4. Campbell M, Polani PE. The aetiology of coarctation of the aorta. The
Lancet. 1961,277(7175):463-8.

5. Campbell M. Natural history of coarctation of the aorta. Heart.
1970;32(5):633-40.

6. Lock JE, NiemiT, Burke BA, Einzig S, Castaneda-Zuniga WR. Transcu-
taneous angioplasty of experimental aortic coarctation. Circulation.
1982,66(6):1280-6.

7. Ozawa A, Predescu D, Chaturvedi R, Lee KJ, Benson LN. Cutting balloon
angioplasty for aortic coarctation. J Invasive Cardiol. 2009;21(6):295.

8. Beekman RH, Rocchini AP, Behrendt DM, Rosenthal A. Reoperation for
coarctation of the aorta. Am J Cardiol. 1981;48(6):1108-14.

9. Ibarra-Pérez C, Castafieda AR, Varco RL, Lillehei CW. Recoarctation of the
aorta: nineteen year clinical experience. Am J Cardiol. 1969;23(6):778-84.

10. Fawzy ME, Fathala A, Osman A, Badr A, Mostafa MA, Mohamed G, et al.
Twenty-two years of follow-up results of balloon angioplasty for discreet
native coarctation of the aorta in adolescents and adults. Am Heart J.
2008;156(5):910-7.

11. Fiore AC, Fischer LK, Schwartz T, Jureidini S, Balfour |, Carpenter D, et al.
Comparison of angioplasty and surgery for neonatal aortic coarctation.
Ann Thorac Surg. 2005;80(5):1659-65.

12. Burrows PE, Benson LN, Williams WG, Trusler GA, Coles J, Smallhorn JF,
et al. lliofemoral arterial complications of balloon angioplasty for systemic
obstructions in infants and children. Circulation. 1990;82(5):1697-704.

13. Mendelsohn AM, Lloyd TR, Crowley DC, Sandhu SK, Kocis KC, Beekman
lii RH. Late follow-up of balloon angioplasty in children with a native
coarctation of the aorta. Am J Cardiol. 1994,74(7):696-700.

14. Egan M, Holzer RJ. Comparing balloon angioplasty, stenting and surgery
in the treatment of aortic coarctation. Expert Rev Cardiovasc Ther.
2009;7(11):1401-12.

15. Wong D, Benson LN, Van Arsdell GS, Karamlou T, McCrindle BW. Balloon
angioplasty is preferred to surgery for aortic coarctation. Cardiol Young.
2008;18(1):79-88.

16. Hamdan MA, Maheshwari S, Fahey JT, Hellenbrand WE. Endovascular
stents for coarctation of the aorta: initial results and intermediate-term
follow-up. J Am Coll Cardiol. 2001;38(5):1518-23.

17. Oswal NDD, Jadhav N, Humane D, Sharma K, Shah K. Balloon dilatation of
native coarctation of aorta in infants—short term clinical result. J Pediatr
Res. 2017;4(01):52-7.

18. Rao PS. Balloon angioplasty of native aortic coarctation. J Am Coll Cardiol.
1992;20(3):750-1.

19. Rao PS. Current status of balloon angioplasty for neonatal and infant
aortic coarctation. Prog Pediatr Cardiol. 2001;14(1):35-44.



Amoozgar et al. BMC Cardiovascular Disorders

20.

21
22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

(2021) 21:594

Rao PS, Jureidini SB, Balfour IC, Singh GK, Chen S-C. Severe aortic
coarctation in infants less than 3 months: successful palliation by balloon
angioplasty. J Invasive Cardiol. 2003;15(4):202.

Rao PS. Should balloon angioplasty be used as a treatment of choice for
native aortic coarctations? J Invasive Cardiol. 1996;8(7):301.

Rao PS, Chopra PS. Role of balloon angioplasty in the treatment of aortic
coarctation. Ann Thorac Surg. 1991;52(3):621-31.

Rao PS. Should balloon angioplasty be used instead of surgery for native
aortic coarctation? Br Heart J. 1995;74(6):578.

Sandoval JP, Kang SL, Lee KJ, Benson L, Asoh K, Chaturvedi RR. Balloon
angioplasty for native aortic coarctation in 3- to 12-month-old infants.
Circ Cardiovasc Interv. 2020;13(11):e008938.

Rao PS. Neonatal (and infant) coarctation of the aorta: management chal-
lenges. Res Rep Neonatol. 2020;10:11.

Amoozgar H, Bahmanpour N, Farhadi P, Edraki MR, Borzoee M, Ajami G,
et al. Balloon angioplasty for native coarctation of the aorta in children:
immediate outcome and follow-up for heart function. Int Cardiovasc Res
J.2017;11(1)13.

Cowley CG, Orsmond GS, Feola P, McQuillan L, Shaddy RE. Long-term,
randomized comparison of balloon angioplasty and surgery for native
coarctation of the aorta in childhood. Circulation. 2005;111(25):3453-6.
Lombardi KC, Northrup V, McNamara RL, Sugeng L, Weismann CG. Aortic
stiffness and left ventricular diastolic function in children following early
repair of aortic coarctation. Am J Cardiol. 2013;112(11):1828-33.

Sen S, Garg S, Rao SG, Kulkarni S. Native aortic coarctation in neonates
and infants: immediate and midterm outcomes with balloon angioplasty
and surgery. Ann Pediatr Cardiol. 2018;11(3):261.

Chessa M, Carrozza M, Butera G, Piazza L, Negura DG, Bussadori C, et al.
Results and mid-long-term follow-up of stent implantation for native
and recurrent coarctation of the aorta. Eur Heart J. 2005;26(24):2728-32.
Ovaert C, McCrindle BW, Nykanen D, MacDonald C, Freedom RM, Benson
LN. Balloon angioplasty of native coarctation: clinical outcomes and
predictors of success. J Am Coll Cardiol. 2000;35(4):988-96.

Walhout RJ, Lekkerkerker JC, Ernst SMPG, Hutter PA, Plokker THWM, Meij-
boom EJ. Angioplasty for coarctation in different aged patients. Am Heart
J.2002;144(1):180-6.

Rao PS, Chopra PS, Koscik R, Smith PA, Wilson AD. Surgical versus bal-
loon therapy for aortic coarctation in infants < 3 months old. J Am Coll
Cardiol. 1994;23(6):1479-83.

Walhout RJ, Lekkerkerker JC, Oron GH, Bennink GBWE, Meijboom EJ.
Comparison of surgical repair with balloon angioplasty for native coarcta-

tion in patients from 3 months to 16 years of age. Eur J Cardiothorac Surg.

2004,25(5):722-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 7 of 7

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Effect of coarctation of aorta anatomy and balloon profile on the outcome of balloon angioplasty in infantile coarctation
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Results
	Effect of high-pressure balloon
	Effect of aortic arch anatomy

	Discussion
	Conclusion
	Acknowledgements
	References


