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Abstract: Surgical correction of coarctation of the aorta was described in the mid-1940s and

balloon angioplasty was introduced in the early 1980s. Several types of surgical methods

were devised to treat native coarctation, but eventually, resection and end-to-end anastomosis

became a standard approach with the use of extended end-to-end anastomosis for babies with

hypoplasia of the isthmus and/or transverse aortic arch. Balloon angioplasty was considered

as a substitute for surgical correction and was so used for some time, but because of high rate

of recurrence in the neonate and young infant, most centers have reverted back to surgical

correction as a primary mode of treatment of aortic coarctation in the neonate. Further

research into feasibility of using stents in the management of coarctation in neonates and

young infants are necessary. It is generally agreed that balloon angioplasty is the treatment of

choice for post-surgical aortic recoarctations.
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Introduction
Coarctation of the aorta (CoA) is a congenital cardiac anomaly with obstruction to

blood flow in the descending aorta; it comprises of narrowed aortic segment with

localized medial thickening and infolding of the media and superimposed neo-intimal

tissue.1,2 A shelf-like structure or a membranous curtain-like structure may be seen

with either an eccentric or a central opening. Both discrete and long segment forms

have been found; the discrete form is more common. The classic CoA is located in the

thoracic aorta distal to the origin of the left subclavian artery (LSA) and is juxtaduc-

tal. Varying degrees of hypoplasia of the transverse aortic arch (aortic segment

between the origin of the right innominate artery and LSA) and of the isthmus of

the aorta (aorta between the origin of the LSA and ductus arteriosus) are present,

particularly in the symptomatic neonates and infants. The prevalence of CoA is 5% to

8% among children with congenital heart disease (CHD).1–3 It may be an isolated

lesion or may be seen in association with other CHDs.1 CoA is seen with clinically

important CHD particularly in the neonate and these include patent ductus arteriosus,

ventricular septal defect (VSD), and aortic stenosis. Bicuspid aortic valve may be

seen in two-third of infants with CoA. Mitral valve anomalies are less frequent than

those of the aortic valve. At times, CoA is a complicating feature of a more complex

cyanotic CHDs, such as double inlet left ventricle, Taussig–Bing anomaly, tricuspid

atresia with transposition of the great arteries, and hypoplastic left heart syndrome.

This review deals largely with isolated CoA. The pathologic, pathophysiologic,
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clinical, chest x-ray, electrocardiographic, echo-Doppler,

and angiographic features of CoA were reviewed

elsewhere1–5 by the author and will not be repeated here.

Since the original reports of surgical repair by Crafoord

and Nylin6 and Gross7 in mid-1940s, surgery has been used

in the management of the neonate with CoA. However,

following more recent description of balloon angioplasty,

balloon dilatation techniques have been utilized in the treat-

ment of CoA as a substitute for surgery. The technique of

balloon angioplasty described by Dotter and Judkins8 and

Gruntzig and his associates9–11 was applied by Sos,12

Singer,13 and Sperling14 and their colleagues to enlarge nar-

rowed aortic segments in a postmortem specimen, and in

infants with post-surgical recoarctation and native coarcta-

tion, respectively. Subsequently, a number of investigators

that participated in the Valvuloplasty and Angioplasty of

Congenital Anomalies (VACA) Registry15,16 including our

group17–20 used the balloon angioplasty technique to address

CoA. In this review, the author will address the indications

and timing of intervention, available medical, surgical and

transcatheter management options, and the techniques and

results of these procedures. Then, a presentation of compar-

ison of surgical with balloon therapy, selection of therapy,

and future directions will be made.

Indications and Timing of
Intervention
Indications for intervention either by surgical or transcath-

eter therapy are significant hypertension and/or congestive

heart failure (CHF) along with a peak-to-peak systolic

pressure gradient of more than 20 mmHg across the coarc-

tation site. Neonates and infants who are symptomatic

should have relief of the aortic obstruction as soon as the

infant is stabilized whereas infants who are not sympto-

matic may have relief of the aortic obstruction electively.

Careful evaluation by echo-Doppler studies may help in

this assessment. Very narrow coarcted segment (by two-

dimensional [2D] echo) and high Doppler flow velocity

with diastolic extension of the Doppler signal and with

either normal or decreased left ventricular (LV) systolic

function are indications for immediate intervention.

Modest 2D narrowing with mild increase in Doppler velo-

city without diastolic extension and spontaneously closed

ductus arteriosus and normal LV systolic function do not

need intervention in the neonatal period. However, in the

presence of wide-open ductus arteriosus, it is difficult to

evaluate the degree of aortic obstruction.

Medical Management
As mentioned above, significant hypertension and/or CHF

are indications for intervention. In the presence of CHF,

conventional anti-congestive measures including diuretics

and digitalis should be promptly instituted. In the presence

of hypertension, it is better to relieve the obstruction

promptly rather than attempting to “treat” hypertension

with antihypertensive drugs. In neonates with severe aortic

obstruction, initial medical management includes the infu-

sion of PGE1 to bypass the coarctation (Figure 1). The

recommended dosage for PGE1 is 0.05 to 0.1 mcg/kg/min-

ute intravenously. Adverse effects include apnea, hyperther-

mia, flushing, and muscular twitching. The side effects have

not created significant problems, but development of apnea

is of concern and should be watched for. We usually begin

PGE1 at the suggested dose of 0.05 to 0.1 mcg/kg/minute,

but will quickly decrease the dosage stepwise to 0.02 to 0.03

mcg/kg/minute once the desired effect is achieved. This

may avoid the need for endotracheal ventilation because

of apnea.

Surgical Management
Surgical repair of aortic coarctation was first described in

1945 by Crafoord & Nylin and Gross. Four major types of

repair were used in the past and include resection and end-

to-end anastomosis, subclavian flap angioplasty, prosthetic

patch angioplasty, and tubular bypass grafts. These proce-

dures are generally performed under general anesthesia via

Figure 1 Diagrammatic portrayal of the flow from the isthmus to the descending aorta

in coarctation of the aorta with ductus open (A) and closed (B). When the ductus is

open, the posterior shelf of aorta is bypassed and symptoms of obstruction are

relieved. Adapted with permission from Rao PS, Solymar L. Transductal balloon

angioplasty for coarctation of the aorta in the neonate: Preliminary observations. Am
Heart J. 1988;116(6, Part 1):1558–1563.70 doi: 10.1016/0002-8703(88)90,743–0.
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lateral thoracotomy. If other associated defects such as

VSD need repair concurrently, the procedure can be per-

formed via median sternotomy. Resection of the coarcted

segment with end-to-end anastomosis was initially per-

formed for this lesion. Because of high recurrence rates

observed during the original series, Waldhausen and

associates21 introduced and advocated subclavian flap

angioplasty. However, subsequent studies did not demon-

strate significant advantage of subclavian flap angioplasty

over resection and end-to-end anastomosis. While prosthe-

tic patch angioplasty was preferred by some surgeons,

because of frequent development of aneurysm during late

follow-up, this procedure is not commonly used at present.

Tubular bypass grafts do not grow as the baby grows and

therefore, are not generally used. Consequently, resection

and end-to-end anastomosis have become the main surgi-

cal method to address aortic coarctations. Babies with

hypoplasia of the isthmus and/or transverse aortic arch

may require an extended end-to-end anastomosis.22

Results of Surgery
Surgical results in neonates and infants were examined by the

author in early 1990s.20,23,24 Forty-nine papers published

between 1980 and 1991 reporting on surgery in 3 to 191

neonates and infants less than one-year-old in the respective

papers, who had surgery between 1953 and 1990 were

reviewed. The operative mortality varied between 0% and

50% with a mean of 19% (617 of 3292). The late mortality

was reported to be between 3% and 59% with an average of

18% (483 of 2648). Re-coarctation rates ranged between 0%

and 100% with mean of 17% (421 of 2540). However, more

recent reports25–27 have documented better results with initial

mortality rates of 0.5%, 2.4%, and 1.6%; late mortality rates

of 8.3%, 1.4%, and 1.1%; and recoarctation rates of 2.2%,

6%, and 22.6%, indicating substantial improvement of surgi-

cal results. Young age at surgery, presence of hypoplasia of

the aortic arch, and short body length24,27 were identified as

risk factors for recoarctation. While surgery has indeed

improved the prognosis of patients with aortic coarctation,

significant problems as reviewed above, morbidity asso-

ciated with surgery, paradoxical hypertension, paraplegia

(though rare), aneurysm formation, and vascular complica-

tions related subclavian flap repair remain.

Balloon Angioplasty
The usual approach for balloon angioplasty of aortic coarcta-

tion is retrograde femoral arterial route. Because of potential

for damage to the femoral artery, particularly in the newborn,

trans-umbilical arterial28–30 and anterograde transvenous

approaches31 (via a transposed aorta or through the VSD,

when possible) have been attempted to prevent injury to the

femoral artery. When femoral arterial route is utilized, low

profile balloons (for example, Tyshak II balloons) whichmay

be introduced through 4-French sheaths orMini-Tyshack that

can be positioned via 3-French sheaths32 should be used.

If balloon angioplasty is planned, infusion of PGE1 should

not be initiated because wide-open ductus may interfere with

effectiveness of balloon dilatation. Hemodynamic data and

selective cine-angiography are secured to confirm the clinical

and echocardiographic diagnosis of aortic coarctation and to

establish suitability for balloon coarctation angioplasty.

Measurements of the coarcted segment and other aortic mea-

surement are made in two orthogonal views and averaged. At

this point, a # 4-French multipurpose catheter is passed across

the aortic coarctation segment into the ascending aorta or into

right subclavian artery. When umbilical arterial route is used,

the catheter in the umbilical artery is exchanged over

a suitable-sized guidewire with a 4-French multipurpose

catheter and the catheter passed across the coarctation seg-

ment. At this juncture, a 0.021 to 0.025 inch J-tipped guide-

wire is positioned via the catheter already in place into the

ascending aorta (or right subclavian artery) and the catheter

removed leaving the guidewire in place. When an anterograde

femoral venous approach is used, a 4-French multipurpose

catheter is positioned in the descending aorta either via the

transposed aorta or through the VSD and the tip of the guide-

wire is positioned in the descending aorta distal to the coarcted

segment of the aorta.

The size of the balloon selected for balloon angioplasty

should be two or more the times size of the coarcted aortic

segment, but not more than the diameter of the descending

aorta at the level of the diaphragm. The author normally

selects a balloon which is midway between the diameter of

the aortic isthmus (or transverse aortic arch) and the size of

the descending aorta at the diaphragm. The selected balloon

dilatation catheter is placed across the aortic coarctation

over the guide wire already in place and the balloon is filled

(Figure 2A) with diluted contrast material at an inflation

pressure up to three to five atmospheres, based on the

balloon manufacturer’s recommendations. The author

usually monitors the pressure of balloon inflation with

commercially available pressure gauges. The balloon is

inflated for roughly 5 s or until the waist of the balloon is

abolished (Figure 2B). The balloon is inflated two to four

times, 5 mins apart. The balloon catheter is replaced with an

angiographic catheter and an aortic arch cine angiogram and
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pressure pullback gradients across the coarctation site are

recorded. If there is no adequate relief of narrowing (pres-

sure gradient less 20 mmHg and angiographic improve-

ment) is achieved, the diameter of the balloon is increased

such that it is similar to the diameter of the descending

aortic at the diaphragm.33 It is important to leave

a guidewire across the coarctation site during catheter

exchanges and no manipulation of tips of the guide wires

or catheters across the site of freshly dilated coarcted seg-

ments should be performed.

Results of Balloon Angioplasty
Decrease in peak-to-peak systolic pressure gradients across

the aortic coarctation, increase in diameter of the coarcted

segment by angiography (Figure 3A and B), improvement

of signs and symptoms of CHF, and reduction of systemic

Figure 2 Selected cine angiographic frames in 20° left anterior oblique view showing a balloon dilatation catheter across the aortic coarctation with waisting (arrow) of the

balloon (A) during the early phases of balloon inflation which was abolished (B) on further inflation of the balloon. Reproduced from Doshi AR, Rao PS. Coarctation of

aorta-management options and decision making. Pediatr Therapeut. 2012;S5:006.47

Abbreviations: C, central venous catheter; GW, guide wire.

Figure 3 Selected cine frames from aortic cine angiograms in 20° left anterior oblique projection demonstrating narrowed coarcted aortic segment (arrow) before balloon

angioplasty (A) which increased after balloon angioplasty (B). Moderate hypoplasia of distal transverse aortic arch and isthmus is also present. Modified from Rao PS. Role of

interventional cardiology in neonates: Part II – Balloon angioplasty/valvuloplasty. Congenital Cardiol Today. 2008;6(1):1–14.71

Abbreviations: AAo, ascending aorta; DAo, descending aorta; LCC, left common carotid artery; LSA, left subclavian artery; NG, nasogastric tube; PG, pigtail catheter.
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hypertension occur following balloon angioplasty.

These encouraging results were reviewed in detail

elsewhere.23,32,34-37 However, the problem in the newborn

is significant incidence of recurrence.32,34,38,39 Risk factors

for development of recoarctation are 1. Age less than

12 months, 2. Aortic isthmus less than 2/3 the size of the

ascending aorta immediately proximal to the right innomi-

nate artery, 3. Coarcted aortic segment less than 3.5 mm

before dilation, and 4. coarcted aortic segment less than

6 mm after angioplasty. It was further noted that presence

of two or more risk factors is associated with high rate of

recoarctation; the larger the number of risk factors, the

greater is the probability for recoarctation.39–41 These risk

factors for recurrence are not too dissimilar to those found

for post-surgical recoarctation. Furthermore, the event-free

rates are remarkably lower in neonates (1 to 30 days)

compared to those in infants (1 to 12 months) and children

(1 to 15 years) (Figure 4).39 However, there may be pallia-

tive benefit with balloon angioplasty; the results of neonatal

and young infant group from the author’s personal

experience32,34 will be presented in support of this concept.

Results of Balloon Angioplasty of

Coarctation of the Aorta in the Neonate

and Young Infant
The ideal management strategy of the neonate and young

infant with native aortic coarctation is controversial.We exam-

ined our experience with balloon angioplasty in neonates and

infants less than 3 months to test our hypothesis that balloon

angioplasty provides successful palliation, defined as avoid-

ance of surgical intervention for 4 weeks along with control of

CHF.34 During this study, we also sought to detect differences

in the results of the trans-umbilical arterial (UA), trans-femoral

arterial (FA) and trans-femoral venous anterograde (FVA)

routes that we used to perform balloon angioplasty. Fifty-one

neonates and infants less than 3 months with coarctation

presenting with heart failure, hypertension or both underwent

balloon angioplasty during a 6.5-year period ending

June 2001. Balloon angioplasty of coarctation was performed

via UA (n = 16), FA (n = 26), and FVA (n = 9) routes.

Associated defects were present in all three groups and were

similar. Immediate results showed reduction of peak-to-peak

gradients across the coarctation (40 ± 17 mmHg vs 5.4 ± 6.1

mmHg; p < 0.001) (Figure 5, left panel), increase in diameter

of the coarcted segment (2.2 ± 0.5 mm vs 5.6 ± 0.8 mm;

p < 0.001), and improvement in symptomatology. There was

no difference in pressure gradient reduction between UA, FA,

and FVA groups (Figure 5, right panels).

Surgical intervention to relieve aortic obstruction was

needed in 4 infants at 5, 21, 24 and 28 days after balloon

angioplasty. Thus, effective palliation was achieved in the

remaining 47 infants (92%). During follow-up (5 months to

5.5 years; median, 3 years), most patients did well with good

angiographic improvement (Figure 6A–C), but, twenty-two

infants (~50%) were assessed to have recoarctation (defined

as peak-to-peak gradient >20 mmHg) and required repeat

balloon (n = 14) or surgical (n = 8) therapy 2 to 10 months

(median, 3 months) after initial balloon dilatation.

The reason for re-intervention was hypertension in all

patients. Repeat balloon angioplasty resulted in reduction

of peak-to-peak systolic pressure gradients from 54 ± 20

mmHg to 9 ± 7 mmHg (p < 0.001). At a median follow-up

of 3 years (range, 0.5 to 5.5 years), blood pressures

remained low (98 ± 11 mmHg) with an arm/leg blood

pressure gradient of 4 ± 6 mmHg.

Comparison of the UA, FA, and FVA groups revealed

similar effectiveness immediately after the procedure

(Figure 5 right panels). The recoarctation rates at follow-

up were also similar (p > 0.05) in all the three groups

(Figure 7, left panel). The recoarctation rates were related

to age at angioplasty than to the route of through which the

procedure was performed (Figure 7, right panel); sixteen

of 22 (72%) developed recoarctation in babies ≤30 days

while only six of 22 (28%) babies 30 to 90 days old had

recoarctation (p < 0.001) at follow-up. However, femoral

artery complications were found in only the FA group.

Figure 4 Actuarial event-free survival curves of neonates (<30 days), infants (1 to

12 months) and children (1 to 15 years) who had undergone balloon angioplasty of

aortic coarctation are drawn. The event-free survival rates are better for children

group than for the neonatal and infant groups (p < 0.001). Modified from Rao PS,

Galal O, Smith PA, Wilson AD. Five-to-nine-year follow-up results of balloon

angioplasty of native aortic coarctation in infants and children. J Am Coll Cardiol.
1996;27:462–470.39 doi: 10.1016/0735-1097(95)00479–3.
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On the basis of these data, we concluded that effective

palliation is achieved with balloon angioplasty in all 3 groups,

femoral artery complications are seen only in the FA group

and balloon angioplasty is an excellent alternative to surgical

intervention in the management of native CoA in the neonate

and young infant.32,34

Comparison of Surgery with
Balloon Angioplasty
Comparisons of surgical vs balloon therapy from the pub-

lished reports and from the author's retrospective study as

well as comparison of complications will be reviewed in

this section.

Figure 5 Bar graph showing reduction (p < 0.001) of peak-to-peak systolic pressure gradients (in mmHg) across the aortic coarctation after balloon angioplasty.

The fall in the gradients was seen for the entire group (left panel) and for all the three subgroups, namely trans-umbilical arterial (UA), trans-femoral arterial (FA)

and trans-femoral venous anterograde (FVA). Mean + standard deviation (SD) are shown. N represents number of subjects in each group. Modified from Rao PS,

Jureidini SB, Balfour IC, Singh GK, Chen SC. Severe aortic coarctation in infants less than 3 months: Successful palliation by balloon angioplasty. J Intervent Cardiol.
2003;15(6):202–208.34

Figure 6 Selected aortic (Ao) and left ventricular (LV) cine-angiographic frames of a one-month-old baby prior to (A), immediately after (B) and 1 year following (C)

balloon angioplasty are shown. The coarcted aortic segment (arrowhead) shown in “A” improved remarkably after angioplasty (B) which continues to be wide open at

follow-up (C). Reproduced from Rao PS. Coarctation of the aorta. In: Secondary Forms of Hypertension, Ram CVS (Ed), Seminars in Nephrology, Kurtzman NA (Ed), (W)B.

Saunders, Philadelphia, PA. Seminars in Nephrology. 1995;15(2):81–105.1

Abbreviation: DAo, descending aorta.
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Comparison of Results from Published

Reports
At first, a comparison of safety and efficacy of balloon

angioplasty with surgical correction of native aortic coarcta-

tion was made from the published reports at the time of that

writing.23 The author examined papers published from 1979

to 1991 which reported on the results of surgery in infants

younger than 1 year and publications from 1982 to 1991 that

reported on balloon angioplasty. The surgical group con-

sisted of nearly 600 infants while the balloon group was

much smaller, around 70 patients. The prevalence of asso-

ciated defects was 70% in both groups (p > 0.1). Initial

mortality (13.5% in the surgical group vs 7% in the balloon

group) and late mortality (12.8% in the surgical group vs

1.5% in the balloon group) were higher (p < 0.001) in the

surgical than balloon group while the recoarctation rates (59

of 517 [11.4%] in the surgical group vs 11 of 67 [16.0%] in

the balloon group) were similar (p > 0.05).

Comparison of Surgical and Balloon

Therapy in a Retrospective Study
The author compared the efficacy and safety of balloon angio-

plasty with those of surgery in babies ≤3 months.42 Data of 29

babies ≤3 months of age who were treated for aortic coarcta-

tion during the decade ending 1992 at the University of

Wisconsin Hospitals were examined. Fourteen infants had

surgery and 15 had balloon angioplasty. The surgical and

balloon cohorts were similar (p > 0.1) with regard to age,

weight, and prevalence (7 of 14 vs 8 of 15) and type of

concomitant cardiac defects. Immediate (1 of 14 vs 1 of 15)

and late (3 of 13 vs 3 of 14) mortality and immediate

(Figure 8) and follow-up (Figure 9, left panel) residual gradi-

ents were similar (p > 0.1) in both groups. Babies with gra-

dients ≥20 mmHg at follow-up (6 of 13 vs 7 of 14) and

necessity for re-intervention (6 of 13 vs 7 of 14) were also

similar (p > 0.1) in both groups. Results of repeat balloon

angioplasty in babies with recurrence were also similar

(p > 0.1) in both groups (Figure 9, middle and right panels).

However, morbidity (durations of hospital stay, endotracheal

intubation, and mechanical ventilation) and complication rates

(0.27 events/patient vs 0.86 events/patient) were lower

(p < 0.05 to <0.001) in the balloon than in the surgical group

(Figure 10).

In summary, this study demonstrated that the degree of

relief of aortic obstruction and the frequency with which re-

intervention is required are similar between surgical and bal-

loon therapy groups, but the morbidity and complication rates

were higher with the surgical than with balloon therapy. The

authors concluded that balloon angioplasty may be an accep-

table alternative to surgery in the treatment of symptomatic

aortic coarctation in infants ≤3 months.42

Figure 7 Bar graph demonstrating recoarctation rates during follow-up after balloon angioplasty of native coarctation in infants. The rate of recurrence is not related (p > 0.05) to the

route throughwhich balloon angioplasty was performed (left panel). However, when the patients were divided into neonates (≤ 30 days) and infants between 31 and 90 days, the rate of

recurrence was significantly higher (p <0.001) in neonates than in infants (right panel). Number of subjects with recurrence/number of subjects in that particular group is shown on the

top of each bar. The data indicate that age at angioplasty plays a major role in recoarctation and not the route of balloon angioplasty. Modified from Rao PS, Jureidini SB, Balfour IC, Singh

GK, Chen SC. Severe aortic coarctation in infants less than 3 months: Successful palliation by balloon angioplasty. J Intervent Cardiol. 2003;15(6):202–208.34

Abbreviations: d, days; FA, femoral artery; FVA, femoral venous, anterograde; UA, umbilical artery.
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Comparison of Complications
A comparison of complications associated with both these

procedures, namely, paradoxical hypertension, paraplegia,

aneurysms and femoral artery occlusion were made.

Paradoxical hypertension which is reported with surgery

is rare with balloon angioplasty and, if present, very mild

and inconsequential following balloon angioplasty.37,39

Similarly paraplegia, though rare after surgery, is practi-

cally unheard of after balloon angioplasty. Aneurysms are

described following coarctation surgery of all types; nearly

30% patients had aneurysms;43 this is much higher than

that seen by us39 and others after balloon angioplasty. The

rate of femoral artery occlusion after balloon angioplasty

may be higher than that seen with surgery but, vascular

complications do occur in the left upper limb following

coarctation repair with subclavian flap aortoplasty.

Summary
In summary, comparison between surgical and balloon

management of CoA indicates nearly equal effectiveness,

the mortality rates are also similar and are more related to

the associated cardiac defects, but surgery requires longer

hospital stay and greater morbidity with attendant higher

costs and has higher complication rates. Balloon angio-

plasty may be an effective alternative to surgery for the

relief of CoA.

Stent Therapy
Stents have been used to treat CoA in adolescents and

adults, but not often used in neonates and young infants.

Consequently, stents will not be discussed in this review.

Historical aspects, types of stents available, method of

Figure 9 Bar graph shows comparison of residual pressure gradients at follow-up (left

panel) after surgical (SURG) and balloon (BALL) therapy and of the results of repeat

balloon angioplasty (middle and right panels, respectively). Note similar (p > 0.1) residual

gradients at follow-up (left panel). Also, note that there is a significant (p < 0.01) fall in

pressure gradients in both groups (middle and right panels) after repeat balloon angio-

plasty at follow-up (FU). Mean + standard error of mean (SEM) are shown. Modified from

Rao PS, Chopra PS, Koscik R, Smith PA, Wilson AD. Surgical versus balloon therapy for

aortic coarctation in infants ≤3 months old.J Am Coll Cardiol. 1994;23:1479–1483.42 doi:
10.1016/0735-1097(94)90395–6.

Abbreviations: PRE, prior to repeat balloon angioplasty; POST, after repeat

balloon angioplasty.

Figure 10 Bar graph showing comparison of morbidity and complication rates after

surgical (SURG) and balloon (BALL) therapy. The duration of hospitalization (p < 0.05)

and duration of mechanical (Mech.) ventilation (Vent.) (p < 0.01) are longer for the

surgical than for the balloon group. The complication rate was higher (p < 0.05) in the

surgical than in the balloon group. Mean + standard error of mean (SEM) are shown.

Modified from Rao PS, Chopra PS, Koscik R, Smith PA, Wilson AD. Surgical versus

balloon therapy for aortic coarctation in infants ≤3 months old. J Am Coll Cardiol.
1994;23:1479–1483.42 doi: 10.1016/0735-1097(94)90395–6.

Figure 8 Bar graph shows comparison of pressure gradient reduction immediately

after surgical and balloon therapy. Note significant reduction in peak-to-peak

pressure gradient in both the surgical (p < 0.005) and balloon (p < 0.001) groups.

This fall in pressure gradients in both groups is not significantly different (p = 0.28)

form each other. Mean + standard error of mean (SEM) are shown. PRE, prior to;

POST, following. Modified from Rao PS, Chopra PS, Koscik R, Smith PA, Wilson AD.

Surgical versus balloon therapy for aortic coarctation in infants ≤3 months old. J Am
Coll Cardiol. 1994;23(6):1479–1483.42 doi: 10.1016/0735-1097(94)90395–6.
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implantation and results related to CoA were reviewed

elsewhere2,44-50 for the interested reader.

Selection of Therapy
Effective use of balloon angioplasty procedure was docu-

mented by several investigators, including our own group.

But, frequent recurrence if the procedure is performed in the

neonatal period32,34,38,39 and common occurrence of vary-

ing degrees of transverse aortic arch and isthmus hypoplasia

in the newborn, most cardiologists and surgeons prefer

surgery at this time. However, balloon angioplasty of coarc-

tation has a beneficial role in critically ill young babies,

particularly if averting anesthesia or aortic cross-clamping

needed for surgical approach is valuable in the overall

management of the infant. Such distinctive circumstances

are babies with shock-like syndrome,29 severe myocardial

dysfunction along with hypertensive cardiomyopathy,51

prior spontaneous cerebral hemorrhage,35 and biliary atre-

sia awaiting liver transplantation.35,52 A midway approach

by using stents in young patients was proposed53,54 as an

alternative to balloon and surgical therapies, but the author

is not in favor of use of stents in neonates, infants and young

children, as detailed in editorials published55,56 concurrent

with these papers.

Post-Surgical Aortic Recoarctation
Recurrence of coarctation following surgery has been

documented after all types of surgical repair such as

resection with end-to-end anastomosis, subclavian flap

angioplasty, prosthetic patch repair, subclavian artery

turn-down method and interposition tube grafts, as

reviewed elsewhere.19,24,43 The younger the baby at the

time surgery, the greater is the likelihood of recoarctation.

The technique of Gruntzig’s balloon angioplasty9–11 was

first applied to treat recoarctations following surgery by

Singer and his colleagues.13 Subsequently, a number of

other cardiologists including the author16,24,36,57-60 per-

formed the balloon angioplasty procedure for the post-

surgical recoarctations and showed improvement. It is

generally agreed that balloon angioplasty is the first

option in the treatment of postsurgical aortic recoarcta-

tion. The indications are same as those used for native

aortic coarctation, ie, signs of CHF and/or elevated blood

pressure along with a peak-to-peak systolic pressure gra-

dient more than 20 mmHg across the coarctation.

However, it should be understood that the need to perform

balloon angioplasty for recoarctation during the neonatal

period is uncommon.

Future Directions
Development of recoarctation both after surgery23,24,27,43

and after balloon angioplasty23,34,36,38-40 is well known.

While recoarctation following surgery is independent of

the type of surgical repair, the age at surgery and hypo-

plasia of the aortic arch were identified as risk factors for

recoarctation. Risk factors for post-balloon angioplasty re-

stenosis were also identified as young age and narrowed

isthmus and very small coarcted segment;39–41 these are

not too dissimilar to those found for post-surgical recoarc-

tation. Examination of biophysical characteristics61

revealed reduced recoil of the coarcted aortic segment in

patients with recoarctation indicating that the elastic prop-

erties of the aortic wall may not have been preserved.

Cystic medial necrosis62,63 or extension of ductal tissue

into the aortic wall64,65 may be the cause for this abnorm-

ality. However, true pathophysiologic mechanisms respon-

sible for recoarctation at cellular level have not yet been

identified. Once such a knowledge comes to light, suitable

treatment algorithms to address the pathophysiology and

methods of prevention of restenosis may be developed. In

the meanwhile, maintaining coarcted segments open

mechanically with stents appears to be an attractive option.

However, the stents, which are mostly metallic, do not

enlarge as the child grows; this is particularly true in the

neonate and young infant, as has been articulated

elsewhere.32,55,56,66 Although re-dilatation of the stents is

feasible, such re-expansion may not achieve adult size.

Accordingly, alternative solutions32,34,55,56,66 may have to

be developed and will be reviewed.

Biodegradable Stents
Biodegradable stents are constructed by polyesters, polycar-

bonates, bacterial-derived polymers, or corrodible metals.

The purpose of these stents is to keep the coarcted aortic

segment open initially which then dissolve over the next few

months. The remaining scaffolding may provide a favorable

ratio of the normal aortic tissue to abnormal tissue which

may prevent significant re-narrowing. This concept was

tested in some animal models. However, clinical trials invol-

ving large number of patients to provide information on the

feasibility, safety and efficacy of this approach are awaited.

Successful use of a bio-absorbable metal stent in a neonate

with critical recoarctation67 is encouraging. Other issues

such as radial strength, body’s inflammatory response, pos-

sible toxicity of the dissolving stent material, and others

should also be investigated. Furthermore, stent delivery
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systems should also be made small enough to be practical

for use in the neonate and young infant.

Growth Stents
Modifying the existing stents by an “open-ring” or by sutur-

ing laser-cut longitudinal halves of metallic stents with bio-

degradable sutures was adopted by some investigators. Trials

in animal models and in small number of infant aortic

coarctations68 appear encouraging. However, the overall

results68 do not appear to be satisfactory mostly secondary

to the need for multiple re-interventions. Clinical trials with

this type of stent modification in larger numbers of neonates

and young children are required to demonstrate the useful-

ness of this method and to confirm the efficacy of this

concept.

Dilatable Stents
Use of stents such as Valeo Biliary Pre-mounted Re-dilatable

Stents (Edwards Life Sciences, California, USA)69 which

can be dilated up to 20 mm is another alternative and should

be explored in the future. Availability of such stents, espe-

cially if they can be introduced through small sheaths may

resolve growth issues related to stents in growing children.

Summary
CoA in neonates and infants tend to have high recurrence

whether treated by surgery or by balloon angioplasty.

While causes of these recurrences have been studied,

the true cellular mechanisms for recurrence have not

been identified. Consequently, stents may resolve such

a problem; however, the stents do not expand as the

infant grows. Therefore, innovative approaches such as

bio-absorbable, growth, and dilatable stents should be

investigated.

Conclusion
Of the available options, namely, surgery, balloon angio-

plasty and stents, the current evidence suggests that surgi-

cal correction is the best for treating neonates and young

infants with native coarctation of the aorta. Further

research on the utility of bio-degradable, growth, and

dilatable stents in addressing aortic coarctation are neces-

sary. Balloon angioplasty is the treatment of choice for

post-surgical aortic recoarctations.
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