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Abstract

Aims: Stent placement as treatment for coarctation of the aorta (CoA) has become a more common choice

KEYWORDS

in the last 20 years. Clinical results of CoA stenting are usually reported in small retrospective case series.

e coarctation of the
aorta

¢ congenital heart
disease

o stent

¢ systematic review

This systematic review provides an overview of clinical experience with stenting for CoA.

Methods and results: A systematic review of the reports published between January 1990 and December
2014 after stenting a CoA was performed with a focus on relief of obstruction and lowering of blood
pressure. Study and patient characteristics were extracted, as well as pre- and post-stenting aortic diam-
eter in mm, systolic pressure gradient (SPG) and pre- and post-stenting systolic blood pressure (mmHg),
periprocedural and follow-up complications. Forty-five articles met the inclusion criteria. Three outcomes
were extracted from the articles - aortic diameter, systolic pressure gradient and blood pressure. Diameter
increased from 6.4 mm (5.6, 7.3) to 15.1 mm (14.5, 15.7), pressure gradients decreased from 40 mmHg
(35, 42) to 4 mmHg (3, 5) and systolic blood pressure decreased from 153 mmHg (148, 158) to 132 mmHg
(127, 136). Stent migration was the most common periprocedural complication (2.4%), and mortality was
low (0.4%).

Conclusions: Stenting is an effective treatment with regard to immediate relief of obstruction and direct
lowering effect on blood pressure. However, there is a lack of evidence regarding late effectiveness con-
cerning durable blood pressure lowering, and limited information on periprocedural and late complications.

This observation calls for a systematic and longer prospective follow-up of patients after CoA stenting.
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Introduction
Coarctation of the aorta (CoA) is a structural defect that accounts
for 5-8% of all congenital heart defects. Its natural history is asso-
ciated with poor outcome'. Experts continue to hold different opin-
ions on the preferred therapy of CoAZ Originally, treatment was
limited to medical and surgical therapy. Over the last three decades,
balloon angioplasty has become a less invasive alternative, and stent
placement has gained acceptance since the first application in 1991°.
Given the accumulated worldwide experience with stent place-
ment for CoA in the past 20 years, and the absence of an overview
of clinical experience with this procedure in the literature, the cur-
rent study aims to provide a systematic review of contemporary
reports on the effectiveness of stenting for CoA in older children
and adults with native or recurrent CoA, with focus on relief of
obstruction and lowering of blood pressure.

Methods

On December 10, 2014, a PubMed search of Coarctat*(tw) and
stent*(tw), and an Embase search of (coarctat*:de,ab,ti) and
(stent*:de,ab,ti) was conducted, limited to publications from 1990
until December 10, 2014, in humans, and written in English. The sys-
tematic review was conducted according to the MOOSE guidelines®.

SEARCH STRATEGY

After removing all the duplicates, two reviewers (EMJH and IMG)
screened both the titles and the abstracts of all studies. Inclusion
criteria were: cohort and RCT studies reporting measurement of
diameter or systolic pressure gradient (SPG) or blood pressure
before and after stenting, a mean patient age of at least 10 years
and a minimum patient age of at least six years. Exclusion criteria
were: studies focusing on one specific patient population such as
pregnant women, studies focusing only on complications of the
stenting procedure, and studies concerning redilation of a previ-
ously placed stent. In case of disagreement on inclusion or exclu-
sion, an agreement was negotiated. References of selected articles
were cross-checked for other relevant studies. Authors were con-
tacted when a publication could not be obtained or not all the

required information could be retrieved from the publication.

DATA EXTRACTION

Microsoft Excel 2008 and Review Manager version 5.1 (The
Cochrane Collaboration, 2011) were used for data extraction and
statistical analysis. Study design, year of publication and number

of patients were extracted.

STUDY CHARACTERISTICS

The extracted patient characteristics included patient age at stent-
ing, native coarctation/recoarctation, proportion of patients with
bicuspid aortic valve and the number of patients with other car-
diac disorders (congenital/non-congenital). The extracted param-
eters measured by aortic angiogram were pre- and post-stenting
aortic diameter in mm and SPG in mmHg. The pre- and post-
stenting systolic blood pressure measurement (mmHg) is the
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only non-invasive extracted parameter. Procedural complications
that were registered included: stent migration, aneurysm forma-
tion, aortic dissection, aortic rupture, embolic event and death.
Registered complications during follow-up included redilation,
aneurysm formation and stent fracture.

STATISTICAL ANALYSES

Continuous variables are displayed as means with 95% confidence
limits; discrete variables are displayed as absolute numbers and pro-
portions. Inverse variance weighting was used to correct for dif-
ferences in population size for the following variables: the aortic
diameter pre- and post-stenting, the SPG pre- and post-stenting and
the systolic blood pressure pre- and post-stenting. In all studies in
which the variance of variables was not reported, the mean standard
deviation and the sample size were used to impute the standard error.
Early complication risks were calculated for each individual study
and pooled on a logarithmic scale with the use of the inverse vari-
ance method. A random-effect model was used, given the consider-
able heterogeneity observed among the studies. In case a particular
complication was reported as not occurring in an individual study,
then for the analyses it was assumed that 0.5 patient experienced the
complication. When an included study did not specify a particular
complication in the methods section, did not mention it in the results
section, or omitted it from both sections, then the study was excluded
from analysis of that complication. Heterogeneity was assessed with
the use of the I? test, the Tau? test and the chi-square test, and risk of
publication bias was assessed through a Begg’s funnel plot. All sta-
tistical analyses were performed with Review Manager 5.1.

Results

Figure 1 provides an overview of the systematic review. The ini-
tial search strategy resulted in 1,071 publications, of which 1,026
studies were excluded for the following reasons: review (72), case
report (297), statement (11), overview (51), editorial (46), book
(9), guidelines (4), only complications (71), no measurement of
diameter/SPG/blood pressure (179), specific patient groups such
as pregnant women and Turner’s syndrome (81), redilation of
stents (5), not meeting age criteria (96), <6 patients (24), language
other than English (2), not available (10), conference abstract (56),
incorrect data description (10), and overlap with other studies (2).

The forty-five publications (with a total of 1,612 patients)
which were ultimately included reported at least one of the post-
stent variables used in the analysis: diameter (28 publications),
SPG (40 publications), blood pressure (12 publications)**. An
overview of the included publications and their characteristics is
provided in Table 1.

Table 2 displays the individual study measurements and pooled
estimates of pre- and early post-procedural aortic diameter, SPG,
and mean systolic blood pressure. Figure 2 graphically depicts the
changes in aortic diameter (Figure 2A), SPG (Figure 2B), and mean
systolic blood pressure (Figure 2C) from pre to early post stent-
ing. Only four studies reported on late post-procedural outcome.
Therefore, we did not attempt meta-analysis on late endpoints.
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1,071 articles PubMed & Embase
search 01.11.1990-10.12.2014

Exclusion criteria:

» Study design (490)
—review (72)
—case report (297)
— statement (11)
—overview (51)

screening (n=941)

| Exclusion by title and abstract

— editorial (46)
—book (9)
— guidelines (4)

Y

130 articles full text screening

» Irrelevant subject (336)
—only complications (71)
—no measurement of outcome (diameter, SPG or
blood pressure) (179)
— specific patient characteristics (congenital
diseases, pregnancies or syndromes) (81)
— redilation of stents (5)

(n=85)

> Exclusion by full text screening

» Age (96)
— neonates (45)
— patient with age <6 or mean age <10 (51)

Y

Included: 45

Figure 1. Overview of the systematic review.

Considerable heterogeneity was observed, as evidenced by an I?
test for all variables of at least 88%. Therefore, no further analy-
sis of subgroups was attempted. Visual examination of the Begg’s
funnel plots suggested no publication bias.

Table 3 shows periprocedural complications and complications
during follow-up.

Discussion

This systematic review provides an overview of the effectiveness
of CoA stenting in older children and adults in contemporary clini-
cal practice. It illustrates that CoA stenting results in significant
relief of aortic obstruction early after the procedure, as evidenced

A Diameter B
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» <6 patients (24)

» Not available (10)

» Not English (21)

» Conference abstract (56)

» Incorrect data description (10)
» Overlap with other studies (2)

by an increase in CoA diameter, and a decrease in systolic blood
pressure and systolic peak gradient. The complication rate is
low. In this respect, CoA stenting is indeed effective and safe.
Unfortunately, since long-term follow-up data on clinical effec-
tiveness are still lacking, we were unable to provide a systematic
review and meta-analysis of the long-term effect of CoA stenting

on systolic blood pressure.

FOLLOW-UP BLOOD PRESSURE

The main goal of coarctation stenting is relief of arterial hyper-
tension with a consequent reduction of left ventricular after-
load. However, even after successful relief of the obstruction,
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Figure 2. Changes in aortic diameter, systolic peak gradient (SPG) and systolic blood pressure before and early post stenting. A) Aortic

diameter. B) SPG. C) Blood pressure.
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Table 1. Description of included studies and patient characteristics at the time of stenting.

|
g
S
g
Num_ber of Inclusion Follow-up* Native /_ Bicuspid | Other card_iac g
patients recoarctation | aorta malformation s
Ebeid MR, et al 9 1997 p 1993-1996 138 22% 207 5 =
Hamdan MA, et al 34 2001 r 1993-1999 16 28° 74% 13/21 13 13 5
Harrison DA, et al 27 2001 p 1994-1997 30.1 12 56% 20/7 E
Ledesma M, et al 54 2001 p 1996-2000 22 65% 14 8
Macdonald S, et al 28 2003 r 1991-2002 25 36° 86% 20/8 4 16 §
Tyagi S, et al 21 2003 p 1996-2001 28.6 40.74 76%
Zabal C, et al 22 2003 p 1997-1999 25.9 21.64 64% 22/0
Johnston TA, et al 32 2004 r 1993-2002 152 18 56% 9/23 2 12
Agnoletti G, et al 15 2005 p 1999-2002 17 204 0/15 11
Chessa M, et al 71 2005 r 1997-2004 21.8 378 62% 52/19 1
Pedra CA, et al 9 2005 p 2001-2004 31 12 78% 112 5 5
Pedra CA, et al 21 2005 r 1988-1997 24 21.68 67% 12 12
TanJL, et al 13 2005 p 2002-2003 30 9 54% /6
Boshoff D, et al 20 2006 p 2001-2005 14.5 26.48 317
Eicken A, et al 43 2006 r 1999-2005 16.8 308 8/35 16 12
Haji-Zeinali AM, et al 8 2006 p 2004-2005 6" 63% 6/2
Mahadevan VS, et al 37 2006 p 31 45.6 59% 24/13 24
Butera G, et al 33 2007 p 2004-2006 13 72 96% 20/13 13
Lam YY, et al 21 2007 p 2002-2005 34 52% 13/8 10
Chen SS, et al 12 2008 p 2002-2003 33 6" 42% 5/7 2 7
Kenny D, et al 37 2008 r 2003-2007 29.6 &3 46% 13/24 9 14
Musto C, et al 13 2008 r 1999-2006 34 50.68
Bruckheimer E, et al 22 2009 r 2004-2007 155 18.58 63% 0/22
Haji-Zeinali AM, et al 21 2009 p 2005-2008 19.2 148 67% 1972 12 20
Patnaik AN, et al 32 2009 p 2003-2008 10.2 75%
Tang L, et al 34 2009 133 56%
Wheatley G, et al 16 2009 p 2000-2008 39.7 22.8 56% 16/0 4 5
Bruckheimer E, et al 25 2010 r 2008-2009 14.7 4.98 17/8 4
Chakrabarti S, et al 88 2010 r 2002-2008 20.6 34.58 49% 45/43 56
Moltzer E, et al 24 2010 p 2003-2008 36 338 50% 6/18 7 17
Mortazaeian H, et al 13 2010 p 2007-2009 118 108 4/9
Shennib H, et al 22 2010 p 2002-2007 40 317 91% 11/11
Babu-Narayan SV, et al 18 2011 p 31.6 10.24 67% 14/4 12 2
Bialkowski J, et al 12 2011 p 2009-2011 30.1 0.5-21¢ 12/0 7
Erdem A, et al 45 2011 r 2007-2009 12.2 118 76% 26/19 24 30
Forbes T, et al 217 2011 p 2002-2009 16.6 22.88 69% 87 20
Kenny D, et al 13 2011 r 2001-2010 254 448 54% 9/4
Krasemann T, et al 68 2011 p 1993-2006 255 418 62% 41/27 18 47
Akdemir R, et al 11 2012 r 2008-2011 23.5 128 64% 9/2
Alcibar J, et al 17 2013 r 2005-2012 35 574 76% 1077 7 5
Bentham JR, et al 40 2013 r 2001-2010 24.9 37.84 73% 20/20
Ringel RE, et al 105 2013 p 2008-2010 16 69% 60/45 58
Sadig M, et al 56 2013 p 2002-2011 22.3 45 68% 56/0 11 18
Goubergrits L, et al 13 2014 p 2011-2013 25 46% 3/10
Sohrabi B, et al 120 2014 p 2007-2011 23.6 317 66% 120/0 79
p: prospective study; r: retrospective study; * mean in months; ® median in months; ¢ range in months
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Table 2. Pre- and post-stenting aortic diameter, systolic peak gradient (SPG) and systolic blood pressure.

Diameter pre stent | Diameter post stent SPG pre stent SPG post stent Blood pressure pre | Blood pressure post
(mm) (mm) (mmHg) (mmHg) stent (mmHg) stent (mmHg)
Agnoletti 27.00[21.94, 32.06] 140.00 [132.41, 147.59] | 131.00 [127.43, 134.57]
Akdemir 55.50 [45.03, 65.97] 6.50 [5.56, 7.44] 176 [162.48,189.52] | 136.2[127.75, 144.65]
Alcibar 4.30[2.93, 5.67] 19.10[17.47, 20.73] 40.50 [32.56, 48.44] 2.50(1.13, 3.87]
Babu-Narayan 5.00[3.61, 6.39] 12.00[10.61, 13.39] 31.10[22.14, 40.06] 4.80[2.90, 6.70] 153.00[145.16, 160.84] | 130.00 [120.30, 139.70]
Bentham 24.70[19.98, 29.42] 3.401(1.77,5.03]
Bialkowski 54.10 [45.46, 62.74] 13.20[10.22, 16.18]
Boshoff 10.3019.38, 11.22] 17.20[16.42, 17.98] 15.70[12.98, 18.42] 3.40[1.52,5.28] 141.00[131.79, 150.21]
Bruckheimer 2009 3.60[2.80, 4.40] 12.60[11.80, 13.40] 29.40 [25.85, 32.95] 6.70[4.31,9.09]
Bruckheimer 2010 6.30[4.93,7.67] 14.40[13.50, 15.30] 25.30[20.75, 29.85] 2.50[1.32, 3.68]
Butera 5.00[4.24, 5.76] 15.00 [14.08, 15.92] 39.00[33.79, 44.21] 0.00[-1.78, 1.78]
Chakrabarti 20.00[16.81, 23.19] 4.001[2.90, 5.10]
Chen 37.00 [28.36, 45.64] 3.00[0.04, 5.96] 151.00[139.40, 162.60]
Chessa 8.30[7.63, 8.97] 16.40[15.52, 17.28] 39.30[35.73, 42.87] 3.60[2.33, 4.87]
Ebeid 9.00[8.35, 9.65] 15.00[14.35, 15.65] 37.00[32.43, 41.57] 4.00 [3.35, 4.65]
Eicken 8.00[7.29, 8.71] 12.40[11.60, 13.20] 22.00[17.43, 26.57] 1.00[-0.57,2.57] |144.00[137.87,150.13]
Erdem 6.90[6.23, 7.65] 13.40[12.40, 14.40] 45.00[38.28, 51.72] 3.00[2.02, 3.98]
Forbes 40.00[36.81, 43.19] 4.90[3.14, 6.66] 143.00 [140.20, 145.80] | 125.00 [123.00, 127.00]
Goubergrits 10.30[9.14, 11.46] 16.00[14.61,17.39]
Haji-Zeinali 2006 3.00[2.31, 3.69] 16.00[14.61, 17.39] 55.00 [44.61, 65.39] 5.00[3.61, 6.39] 168.00 [151.36, 184.64]
Haji-Zeinali 2009 5.10[4.16, 6.04] 15.10[14.24, 15.96] 57.00 [48.65, 65.35] 1.2010.26, 2.14] 160.00 [150.16, 169.84] | 128.00 [124.57, 131.43]
Hamdan 32.00[27.88, 36.12] 4.0010.30, 7.70]
Harrison 6.60[5.25, 7.95] 6.90[5.92, 7.88] 46.00 [38.45, 53.55] 3.00[1.12, 4.88] 149.00 [137.69, 160.31] | 132.00 [119.55, 144.45]
Johnston 8.10[7.32, 8.88] 13.50[12.58, 14.42] 31.00[25.71, 36.29] 1.80[-0.02, 3.62]
Kenny 2008 26.00[21.08, 30.92] 4.00[2.31, 5.69] 144.00[137.39, 150.61]
Kenny 2011 7.00[5.77,8.23] 14.00 [12.55, 15.45] 33.00[24.71,41.29] 3.00[0.14, 5.86] 148.00 [136.85, 159.15] | 122.00 [113.04, 130.96]
Krasemann 25.00[21.43, 28.57] 5.00[3.80, 6.20] 153.00 [147.30, 158.70] | 129.00 [124.73, 133.27]
Lam 43.00 [38.73, 47.27] 12.10[8.59, 15.61] | 147.00[138.02, 155.98] | 135.00 [128.16, 141.84]
Ledesma 50.00 [44.67, 55.33] 5.00[2.86, 7.14]
Macdonald 42.50 [36.66, 48.34] 3.40[1.46,5.34] 178.00[170.41, 185.59]
Mahadevan 6.10[5.20, 7.00] 14.10[13.16, 15.04] 29.20[24.18, 34.22] 3.80[2.41,5.19] 147.00[142.49, 151.51]
Molzer 10.00[9.10, 10.90] 16.00[14.92, 17.08] 19.00[12.71, 25.29] 0.00[-2.10,2.10]  |162.00[153.20, 170.80] | 154.00 [149.20, 158.80]
Mortazaeian 42.00 [37.22, 46.78] 7.00[1.57,12.43]
Musto 4.70[3.56, 5.84] 16.90[15.76, 18.04]
Patnaik 5.60[5.05, 6.15] 12.50 [11.64, 13.36] 48.80[40.67, 56.93] 2.20[1.55, 2.85]
Pedra 2005 2.4010.50, 4.30] 15.90[13.10, 18.70] 54.60 [45.13, 64.07] 2.90[-2.06,7.86] | 165.00[155.20, 174.80]
Pedra 2005 4.60[3.70, 5.50] 16.90[15.67, 18.13] 47.30[38.87, 55.73] 0.40[-0.21,1.01]  [152.40[145.52, 159.28] | 126.00 [121.04, 130.96]
Ringel 7.901[7.39, 8.41] 14.00[13.43, 14.57] 29.00[26.31, 31.69] 2.00[1.24,2.76]
Sadiq 4,70 [4.64, 4.76] 15.10[14.26, 15.94]
Shennib 10.00[8.33, 11.671 19.00[17.33, 20.67] 49.00[42.32, 55.68] 4.00[1.08, 6.92]
Sohrabi 3.30[3.18, 3.42] 15.90 [15.51,16.29]
Tan 59.00 [51.94, 66.06] 27.00[21.57,32.43] |145.00[134.12, 155.88] | 129.00 [116.50, 141.50]
Tang 19.00[13.71, 24.29] 5.00[3.24, 6.76]
Tyagi 4.30[3.87,4.73] 13.40[12.60, 14.20] 68.40 [58.99, 77.81] 8.30[6.50,10.10]  |178.00[167.51, 188.49]
Wheatley 8.40[7.30, 9.50] 16.30[14.99, 17.61] 48.30[40.58, 56.02] 0.50 [-2.07, 3.07]
Zabal 63.90 [55.22, 72.58] 2.70[0.90, 4.50]
Tau? 2.42 2.34 132.23 3.66 98.19 63.50
Chi? 1,701.80 330.97 827.94 426.83 164.69 130.54
Ig 96% 92% 95% 91% 88% 92%
Pooled total 6.43[5.58, 7.29] 15.12[14.51, 15.72] 38.58 [34.91, 42.24] 3.93[3.26, 4.59] 152.95[148.34, 157.56] | 131.52 [126.56, 137.47]




Table 3. Periprocedural and follow-up complications.
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Complications during procedure

Stent migration 32 37 1,352 24
Aneurysm formation 12 24 805 1.5
Aortic dissection 11 31 1,287 0.9
Aortic rupture 6 32 1,311 0.5
Embolic event 8 30 1,265 0.6
Deaths 4 27 1,157 0.4
Stent redilatation 132 30 1,198
Aneurysm 18 28 1,165
Stent fracture 14 25 898

hypertension may persist. As hypertension is the key determi-
nant of late cardiovascular morbidity and mortality after coarcta-
tion repair’®', it was remarkable that blood pressure after stenting
was an underreported variable, being available in only 15 of the
45 studies. Our systematic review shows a significant post-stent-
ing lowering of systolic blood pressure which implies that CoA
stenting is a good treatment for immediate blood pressure reduc-
tion. However, whether this reduction persists in the long term is
more interesting.

An important finding of this systematic review is that there is
limited evidence on long-term effectiveness. A few studies have
shown that the blood pressure reduction is maintained in the
longer term, but significant hypertension may persist in a substan-
tial number of patients, ranging from 25-51%3%4432. As the main
goal of coarctation treatment is a durable relief of hypertension,
there is a need for more evidence on the course of blood pressure

over time after CoA stenting.

EARLY AND LATE COMPLICATIONS

This review shows that periprocedural complications are lim-
ited, with stent migration being most frequent (2.4%). Death was
uncommon (0.4%), despite the occurrence of aortic dissection
(0.9%) and rupture (0.4%).

This review also illustrates the lack of information on longer-
term complications such as stent redilation, aneurysm formation
and stent fracture. Stent redilation was the most common late com-
plication and was reported to occur in 132 out of 1,198 patients.
However, since no data were available on follow-up duration, it
was not possible to calculate annual occurrence rates. In addi-
tion, stent redilation may have been an elective approach in staged
coarctation stenting, so not all redilations should be counted as
complications.

Coarctation stenting review

Early or delayed aneurysm formation remains a concern after
coarctation stenting, but this review does not provide data on the
real occurrence in the longer term. A few longer-term studies have
reported an incidence of dissection or pseudoaneurysm formation
of 1-2% %32, The use of a covered stent does not preclude its
occurrence®.

Limitations

All studies in this systematic review were observational and of
a retrospective nature. Additionally, most included studies were
small, with an average of 34 patients per study. Considerable het-
erogeneity was found for all endpoints, and therefore we did not
attempt any subgroup analyses. The observed heterogeneity can be
partly explained by the wide variation among the included studies
in patients’ characteristics and age range. A minimum patient age
of six years was chosen as an inclusion criterion to prevent the
specific issues related to stenting in the very young.

No distinction was made between native coarctation and a recur-
rent coarctation, since only a few studies allowed for a subdivi-
sion. The few studies which made this distinction®® did not find
any significant difference in outcomes between stenting for native
and stenting for recurrent coarctation.

Importantly, only limited information was available on short-
term and longer-term complications of stenting in a subset of the
studies. In addition, due to incomplete reporting on complications
during follow-up, we were unable to estimate late occurrence rates
for these complications. Also, long-term blood pressure was an
underreported effect, and the continuing need for antihypertensive
medication could not be deduced from the included studies.

Some coarctation patients may have been selected for surgi-
cal treatment based on morphology or institutional preference.
No information on the number of cases selected for surgery was
available.

Conclusions and recommendations

This systematic review of observational studies concerning CoA
stenting shows that coarctation stenting in older children and
adults is effective with regard to immediate relief of obstruc-
tion and the direct lowering effect on blood pressure. However,
it also illustrates the lack of evidence regarding safety and late
effectiveness concerning durable blood pressure lowering and its
potential determinants. Although the immediate effect of CoA
stenting is excellent, it is uncertain what can be expected in the
longer term. A careful and prospective follow-up of all CoA
patients, including systematic periodical assessment of blood
pressure, is warranted until better long-term evidence on out-
come becomes available. An international multicentre registry of
the characteristics and outcome of CoA stenting seems the most
logical approach to improve insight into the durability and out-
come of CoA stenting. If combined with standard MRI or CT
imaging follow-up, information on the occurrence of aneurysm
formation or other complications related to stent placement can
be obtained.
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Impact on daily practice

Coarctation stenting is an effective way to relieve the obstruc-
tion and to lower the blood pressure in the short term, with an
acceptable complication rate. However, long-term data on its
effect on blood pressure and on the occurrence of late compli-
cations are lacking. A prospective multicentre follow-up study
including MRI or CT imaging may provide these clinically
important data.
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