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ÖZET

Amaç: Yetişkin ve çocuklarda Cheatham-Platinum stent implantasyonu ile tedavi edilen nativ ve rekürren aort koarktasyonu olgularının erken ve 
kısa dönem sonuçlarını sunmayı amaçladık.
Yöntemler: Ağustos 2007-Kasım 2009 tarihleri arasında 45 hastaya 47 stent yerleştirildi. Koarktasyon tanısı alıp müdahale endikasyonu olan 
adölesan ve yetişkin hastalarda ilk tercih olarak, 5 yaş üzerindeki çocuklarda ise subatretik veya kör koarktasyon varlığı, önceki tedaviye bağlı 
anevrizma gelişimi, eşlik eden patent duktus arteriyozus veya yeniden daralma durumlarında stent implantasyonu tercih edildi. Stent implantas-

ABSTRACT

Objective: To present our institutional experience of endovascular Cheatham-Platinum stent implantation in children and adults with native and 
recurrent aortic coarctation. 
Methods: Between August 2007 and November 2009, 45 patients had aortic coarctation treated with 47 stents implantation. We preferred pri-
marily stent implantation in adult patient with coarctation, in children more than five years-old it is preferred in cases of aneurysm, subatretic 
or blind coarctation and coarctation with patent ductus arteriosus or in restenosis. Files of stent-implanted patients were retrospectively ana-
lyzed in terms of patients’ demographic features, echocardiographic and angiographic findings both before and after procedure. Patients 
grouped as Group 1: native coarctation and Group 2: recoarctation developed after either surgery or balloon angioplasty. Findings of the cases’ 
were compared using paired and unpaired Student’s t, Mann-Whitney U and Chi-square tests.
Results: Sixteen covered and 31 bare totally 47 balloon expandable stents were implanted in 45 patients. The mean follow up duration was 
12.1±7.1, median 11 months (2-29 months). There was no procedure related death. In two patients two stents were implanted in tandem. While 
the coarctation of the aorta was native in 26 patients (functionally interrupted aortic arch in one), recoarctation was detected in 7 patients after 
surgery, in 8 patients after balloon angioplasty, in 4 patients both after surgery and balloon angioplasty. One patient had functionally interrupted 
aortic arch perforated with guide wire and then covered stent implanted. The mean age 12.2±5.9 years (5-33 years) and mean body mass index 
was 21±3.7 kg/m2 (14.8-31 kg/m2). Considering all cases, a statistically significant decrease in both the invasive and echocardiographic gradients 
(p<0.001 for both) and statistically significant increase in lesion diameter (p<0.001) were detected. The decrease in invasive and echocardio-
graphic gradients and increase in lesion diameter is statistically significant in each group also (p<0.001, <0.001 and <0.001 for both groups, 
respectively). Before the procedure, the invasive gradient was significantly higher and the lesion diameter was significantly lower in group I 
than in group II (p=0.002 and p=0.005, respectively). Also the percentage of decrease in gradient and increase in diameter was statistically 
higher in group 1 than in group 2 (p=0.04 and p=0.04). 
Conclusion: Our early and short- term follow-up results indicate that stent implantation is safe and very effective in reducing coarctation gradi-
ent and increasing lesion diameter both in native coarctation and recoarctation. (Anadolu Kardiyol Derg 2011; 11: 441-9)
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Introduction

Balloon angioplasty (BAP) is widely accepted treatment for 
patients with native and recurrent coarctation of aorta (reCoA) 
in patients older than six months (1). But BAP alone can be asso-
ciated with vessel recoil and recurrence or persistence of the 
lesion (2). To overcome these problems over distention may be 
needed which can cause aortic wall injury (3, 4). Recently stents 
have been started to be used in older children and young adults 
for the primary treatment of both native and reCoA to solve 
these (5). Initially stents were used only for case where surgery 
and BAP failed. But with increasing experience, it gradually 
becomes the treatment of choice in anatomically unfavorable 
cases for BAP, reCoA, coarctation of aorta (CoA) with patent 
ductus arteriosus (PDA) and CoA with aneurysm (6, 7). Cheatam-
Platinum (CP) stent is the one of the most commonly used stent 
in pediatric cardiology which is made from 90% platinum and 
10% iridium. While it is available 6 and 8 rows mostly used in 
8-zig configuration which could be dilated up to 28 mm. This 
stent has excellent radial strength even at larger diameters and 
also has brilliant visibility on fluoroscopy. 

In this study, we aimed to present immediate and early 
results of our experience with CP stents in children and adults 
both in native and reCoA.

Methods

Study design and population
The study was designed as retrospective analysis
Between August 2007 and November 2009, 45 patients had 

CoA had been treated with 47 covered or bare CP stent (NuMED 
CP stent, Heart Medical Europe BV, Best, the Netherlands) 
implantation. Diagnosis of reCoA was based upon a combination 
of clinical signs (arm-leg blood pressure (BP) difference >20 
mmHg), non-invasive imaging echocardiography, computerized 
tomography (CT) scan or magnetic resonance imaging (MRI) 
and/or invasive gradient measurements. We preferred stent 
implantation primarily in adult patient with CoA and hyperten-

sion (HT). In children above five years old or 20 kg weight stent 
implantation is preferred in cases of aneurysm, subatretic or 
functionally interrupted aortic arch (IAA) and association with 
patent ductus arteriosus or in reCoA. Covered stents were pre-
ferred in patients having aneurismal dilatation, PDA association 
and atretic or coarctation. Files of stent implanted patients were 
retrospectively analyzed in terms of patients’ demographic fea-
tures, echocardiographic and angiographic findings both before 
and after procedure. All the patients were evaluated both before 
and after procedure in terms of echocardiographic and invasive 
gradient, coarctation diameter. 

Patients grouped as Group 1: native CoA and Group 2: reCoA 
and/or aneurysm developed after either surgery or BAP (Table 1). 

Echocardiographic evaluation
Transthoracic echocardiography (Vivid-3, General Electric, 

Norway) was performed using 3.5 and 5 mHz probes. Coarctation 
segment was imaged by two-dimensional echocardiography and 
the peak coarctation gradients were measured with a continuous 
flow Doppler examination before procedure. Echocardiographic 
examination also revealed other associated intracardiac lesions. 
Repeated echocardiographic examinations were performed 24 
hours after the procedure and follow-up to evaluate stent local-
ization and the presence of residual gradients.

Catheterization technique 
After detailed explanation, informed written consent was 

obtained from all adult patients or parents of patients if they were 
children. All procedures were performed under deep sedation 
with anesthetic support. As soon as femoral access was obtained 
patients were heparinized 100 IU/kg or 5000 IU in adults. 

The peak systolic gradient was measured invasively before 
stent implantation. In 40 of 45 patients the CoA segment was 
crossed with a hydrophilic guide wire 0.035 inch in diameter; a 
marker pig-tail catheter was then passed over the wire into the 
arch of aorta retrogradely. A diagnostic catheterization was 
performed to determine the exact morphology and the pressure 
gradient of the stenosis in all patients. Angiography was per-

yonu gerçekleştirilen olguların dosyaları retrospektif olarak işlem öncesi ve sonrası hastaya ait özelikler ve takip bulguları açısından detaylı 
olarak incelendi. Olgular nativ koarktasyon (Grup 1) ve balon anjiyoplasti veya cerrahi sonrası rekoarktasyon (Grup 2) olarak gruplandırıldı. 
Olgulara ait bulgular eşleştirilmemiş ve eşleştirilmiş Student t, Mann-Whitney U ve Ki-kare testleri ile karşılaştırıldı. 
Bulgular: On altısı kaplı, 31’i çıplak olmak üzere 45 hastaya 47 Cheatham-Platinum stent implantasyonu gerçekleştirildi. Olguların ortalama takip 
süresi 12.1±7.1, medyan 11 ay (2-29 ay) idi. İşleme bağlı mortalite gelişmedi. İki hastada aynı seansta iki stent konuldu. Aort koarktasyonu 26 hasta-
da nativ iken (1 olguda fonksiyonel olarak kesintili aortik arkus mevcut), 7 hasta cerrahi sonrası, 8 hasta balon anjiyoplasti sonrası, 4 hasta da hem 
cerrahi hem de cerrahi sonrası takipte balon anjiyoplasti yapılmış ve yeniden rekoarktasyon gelişmiş hastalar idi. Fonksiyonel olarak kesintili aortik 
arkusu olan olguda, lezyonun kılavuz telin sert ucu ile perforasyonu sonrası kaplı stent implantasyonu gerçekleştirildi. Hastaların ortalama yaşı 
12.2±5.9 yıl (5-33 yıl) ve ortalama vücut kitle indeksi 21±3.7 kg/m2 (14.8-31) bulundu. Tüm olgular göz önüne alındığında işlem sonrasında işlem önce-
sine göre ortalama invaziv ve ekokardiyografik gradiyentte anlamlı bir azalma (p<0.001 ve p<0.001), lezyon çapında anlamlı artış p<0.001) tespit 
edildi. Gradiyentlerdeki azalma ve lezyon çapındaki artış her iki grubun kendi içinde de anlamlı idi ( p<0.001, <0.001 ve <0.001, her iki grup içinde). 
Grup 1 olgularında, Grup 2’ ye göre işlem öncesi invaziv gradiyent daha yüksek ve lezyon çapı daha düşük saptandı (p=0.002 ve p=0.005). Yine Grup 
1 olgularında işlem sonrası yüzde gradiyent azalması ve lezyon çapındaki artış anlamlı olarak daha yüksek bulundu (p=0.04 ve p=0.04). 
Sonuç: İşlem sonrası erken dönem ve kısa süreli takip sonuçlarımız stent implantasyonunun koarktasyon gradiyentinin azaltılması ve koarktas-
yon çapının genişletilmesinde hem nativ koarktasyon hem rekoarktasyon olgularında etkili, güvenli ve uygulanabilir bir yöntem olduğunu düşün-
dürmektedir. (Anadolu Kardiyol Derg 2011; 11: 441-9)
Anahtar kelimeler: Cheatham-Platinum, stent, aort koarktasyonu, takip
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formed lateral and anteroposterior or left anterior oblique posi-
tions with this catheter. The aorta was measured at the ascend-
ing aorta, transverse arch, isthmus, CoA site, proximal and distal 
to the obstruction, and at the level of the diaphragm. 

Once measurements were made and recorded we decided 
the appropriate stent and delivery balloon. We used a single bal-
loon catheter (Zymed, NuMED Inc, Heart Medical Europe BV, 
Best, the Netherlands) in 18 patients that was equal or slightly 
longer than the stent length with a diameter no greater than the 
aortic diameter at the level of the diaphragm or 1-2 mm larger than 
the transverse arch and equal to expected stent diameter. Balloon 
in balloon catheter (NuMED Inc, Heart Medical Europe BV, Best, 
Netherlands) was used in rest. A covered or bare CP stent 
(NuMED CP stent, Heart Medical Europe BV, Best, the Netherlands) 
was hand crimped on a balloon. We coated the balloon with a 
little contrast medium to help the stent stick to the balloon.

We delivered the stents using the conventional back-load 
technique using an Amplatz super-stiff wire that was passed ret-
rograde across the CoA with the aid of an appropriate catheter 
(multipurpose or right Judkins), and the soft tip of this wire was 
located deep in right subclavian artery. If the stent and balloon 
catheter were ready, the arterial sheath was exchanged over the 
wire for a long sheath of appropriate size for delivery of the stent. 

The sheath was advanced across the CoA over the stiff wire; 
the balloon-mounted stent was advanced to its proper position 
across the coarctation site. The balloon-stent assembly was 
advanced through a long 11 to 14 F sheath (William Cook Europe, 
Bjaeverskov, Denmark).

An angiogram was performed through the long sheath to 
confirm position of the stent. When the stent was in good posi-

tion, the balloon was inflated to fix the stent in the coarctation 
site. Once the stent was expanded properly balloon was deflat-
ed and removed out then an angiographic catheter (pigtail) was 
re advanced over the stiff-wire to the area proximal to the stent. 
A control angiogram was performed to evaluate stent position, 
size and to survey signs of vascular complications. Ascending, 
transverse and descending aortic pressures were remeasured 
by pullback to obtain post implantation gradient. If the stent was 
in a good position and size and gradient decreased enough the 
procedure was finished. The procedure was considered suc-
cessful if the invasive gradient was reduced to <10 mmHg and/
or the angiographic diameter had increased >50%. 

Acetylsalicylic acid, 100 mg/day, was administered for six 
months in all patients.

Follow-up
Routine follow-up was performed on the following day, 1 

month and 6 months and yearly there after including clinical and 
Doppler evaluation of the femoral artery for patency, regular 
assessment of BP in all extremities, determination of the antihy-
pertensive medication needs, and chest X-ray . Echocardiography 
including Doppler flow measurements at the CoA site was also 
performed. Either a computerized tomography scan or magnetic 
resonance imaging was planned to evaluate stent patency and 
possible, complications such as stent fracture, aneurysm forma-
tion after 6 months of follow-up. Computerized tomography was 
performed six months after the procedure in eleven patients. 
Angiographic restudy was not performed in any patients. 
Hypertension was defined as blood pressure (BP) values above 
the 95th percentile for height, age, and sex in children and ado-

Variables  All patients Group 1 Group 2 *p
  (n=45) (n=26) (n=19) 

Age, years  11 (8.2) 12.5 (7.7) 10.9 (7.6) 0.1
  12.2±5.9 (5-33) 15.6±10.2 (5.2-51)  12.4±4.7 (6.8-22) 

Gender, male, n (%)  34 (75.5) 21 (80.7) 14 (73.6) 0.9

Body mass index, kg/m2  21±3.7 (14.8-31) 21±4 (16.4-31) 21±3.6 (14.8-27.6)  0.9

Hypertension, n (%)  37 (82) 21 (80.7) 15 (78.9) 0.9

Restenosis time after last intervention, month - - 78±57 (13-204)  

Previous repair type, n End-to-end anastomosis 7 - 7 

 Patch angioplasty 4 - 4 

Associated cardiac  Bicuspid aortic valve 24 13 11

anomalies, n Aortic valve stenosis 6 1 5 

 Aortic insufficiency 13 6 7 

 Patent ductus arteriosus 4 3 1 

 Ventricular septal defect 4 2 2 

 Aneurysm 3 1 2 
Values are expressed as mean±standard deviations (ranges), median (interquartile range) and numbers (percentages) 
*Mann-Whitney U test, unpaired Student’s t and Chi-square tests

Table 1. Baseline patient features
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lescent (8). The arterial hypertension (HT) was defined as values 
≥140 mmHg for the systolic BP or ≥90 mmHg for the diastolic BP, 
according to the European Society of Hypertension Guidelines 
applicable in 2005 (9).

Statistical analysis
The SPSS statistical program for Windows, version 15 (SPSS 

Inc., Chicago, Illinois, USA) was used to perform data analysis. 
Shapiro-Wilk test was used for the analysis of compliance with 
the normal distribution. Normally distributed continuous data are 
presented as mean±standard deviation (SD) and nominal vari-
ables as counts and/or percentages. Non-normal distributed 
continuous data are presented as median (interquartile range) 
and mean±SD (ranges). In statistically comparison of Group 1 
and Group 2, the (paired) Student’s paired and unpaired t-tests 
were used for comparison of continuous variables, when nor-
mally distributed. While analyzing results of t-test, Levene test 
was applied for evaluation of variance homogeneity. Mann-
Whitney U test was used for the abnormally distributed groups. 
Categorical variables were compared using Chi-square test. All 
statistical tests were two-sided. A p value <0.05 was considered 
statistically significant. 

Results

Study population (Table 1)
Totally 45 patients had CoA were treated with stent implanta-

tion. Seven patients were postoperative surgical repair, eight 
had primary BAP, and four underwent both procedures, and the 
other 26 patients were native CoA. In native CoA group one 
patient had functionally interrupted aortic arch, four patients 
had subatretic CoA. 

None of the cases had special phenotypic appearance sug-
gestive of Noonan or Williams syndrome or another genetic 
syndrome. There wasn’t significant difference between Group 1 
and Group 2 in terms of a age, gender, body mass index and 
hypertension (p>0.05 for all). 

Procedural features 
Sixteen covered and 31 bare totally 47 balloon expandable 

CP stents were implanted in 45 patients. Stenting procedure 
was successfully completed in all patients. The covered stents 
were implanted in patients with PDA (4), aneurysms (2), suba-
tretic CoA’s (4) and functionally IAA (1). In two patients two 
stents were implanted in tandem. One of them had long aneu-
rysm and we needed a second covered stent to adequately 
cover the entire lesion (Fig. 1) and in second patient we needed 
a covered stent after bare stent implantation to seal aortic rup-
ture. Also, the remaining three patients were treated the cov-
ered stent because of the severity of the lesion.

Four patients had subatretic lesion and in two of them we 
couldn’t advanced the catheter retrogradely from the coarcta-
tion site. In these two patients since the guide wire couldn’t 

pass from the coarctation site retrogradely, first radial artery 
cannulation and predilation with balloon were performed ante-
gradely. In another two, although the 0.035 inch hydrophilic 
guide wire passed from CoA site retrogradely, the CoA site was 
too constricted for long sheath passage. In these patients predi-
lation also performed retrogradely. Predilations were performed 
gradually with 3.5 or 4 mm coronary and 6 mm Tyshak balloons 
(NuMED, Hallenweg-Netherlands) (Fig. 2). 

The patient who had functionally IAA, following radial artery 
access and with antegradely approach, fluoroscopically guided 
hard tip of guide wire perforation of the obstruction and creation 
of a neo-aortic lumen was performed. The lesion which became 
a severe coarctation predilated with 4 mm coronary and 6 mm 
Tyshak balloon. Then covered stent was implanted in a standard 
manner (Fig. 3). 

Figure 1. Aneurysm formation without recoarctation after balloon angio-
plasty and angiographic view of this patient after two stents implantation 
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In two patients the lesions were on transverse arch and bare 
stents were implanted without any complication in these 
patients. 

In four patients a second balloon dilation of the stent with 
Z-Med balloon was performed in the same session to approxi-
mate the stent to the walls of the aorta proximal to the CoA.

In three patients after placement of the pacing catheter in to 
the right ventricle rapid pacing of the ventricle was performed 

just prior to inflation of the balloon, to decrease stroke volume 
and blood pressure. Two of these patients had transverse arc 
lesions and third had moderate aortic regurgitation. 

Seventy seven percent of all patients were above the hyper-
tension limits according to ascending aortic pressure measured 
by catheterization immediately after the procedure. This rate 
was 76.9% in Group 1 (20 cases), Group 2, 78.9% (15 cases), 
respectively (p=0.6).

Figure 3. Angiographic appearance of functionally interrupted aortic arch before (left) and after (right) stent implantation

Figure 2. Angiographic appearance of subatretic coarctation of aorta before (left) and after (right) stent implantation
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Effects of stenting on lesion characteristics and aortic 
gradient (Table 2)
Considering all cases, a statistically significant decrease in 

both the invasive and echocardiographic gradient and statisti-
cally significant increase in lesion diameter were detected 
(Table 2, Fig. 4, p:<0.001, <0.001 and <0.001, respectively). 

Before the procedure, the invasive gradient was significantly 
higher and the lesion diameter was significantly lower in Group 
1 than in Group 2 (p=0.002 and p=0.005, respectively). 

The decrease in invasive and echocardiographic gradients 
and increase in lesion diameter is statistically significant in each 
group (Table 2, Fig. 4, p<0.001, p<0.001 and p<0.001 for both 
groups, respectively). 

The percentage of decrease in gradient and increase in 
diameter was statistically higher in Group 1 than in Group 2 
(Table 2, p=0.04 and p=0.04, respectively). 

Acute complications
There was no procedure related death. There were two 

immediate complications relating to stenting. One patient expe-
rienced an acute wall rupture at the distal end of the implanted 
bare stent, which was successfully managed immediately in the 
same session with implantation of a second covered stent. In 
another patient, the stent was displaced before it was com-
pletely opened. It was carried with support of partially inflated 

balloon and long sheath, and repositioned in to the correct 
place. We used 14 Fr sheath in three patients for femoral access 
we had not encountered any femoral arterial complications 
whereas in the remainder we used 12 Fr or smaller sheaths with 
no complications and no difficulty in catheter manipulation. 

None of the patients required intensive care following the pro-
cedure, and all were discharged home the following day except the 
patient with aortic rupture and after stenting with covered stent 
this patient was followed two days in intensive care unit. 

Variables  All patients p1 Group 1 Group 2 p2

  (n=45)  (n=26) (n=19) 

Stent length, mm  32±8 (16-45)  32±7 (22-45) 30±9 (16-45) 0.5 

Balloon size, mm  15±2 (10-20)  15±3 (10-20) 14±2 (12-20) 0.8 

Utilization rate of covered stent, n(%) 16 (35.5 )  9 (34.6 ) 7 (36.8) 0.9

Invasive  Pre-stent 45±23 (20-150) <0.001  51.4±30 (19-62) 39±9.6 (18-50) 0.002

gradient, mmHg Post-stent 1 (4)  0 (3) * 2 (6) ** 0.08
  3±3.6 (0-10)  2.1±3.4 (0-13) 4±4.1 (0-26)  

Invasive gradient decrease, % 98 (13.5)  100 (11) 91±8 (75-100) 0.04
  91±12 (36-100)  94±8 (69-100)  

Diameter lesion, mm Pre-stent 6.9±3.4 (3-13) <0.001 5.5±2.8 (3-13) 8.3±3.2 (4.8-13) 0.005 

 Post-stent 13.8±3.4 (9-20)  14.5±3.2 (9-20) * 14±2.5 (10-18) ** 0.7 

Diameter increase, %  45±17 (13-76)  57±22 (13-76) 40±14 (18-60) 0.04 

Mean procedure time  97±37 (30-210)  102±43 (45-150) 93±29 (35-120) 0.4 

Mean fluoroscopy time  24±14 (11-44)  26±16 (18-35) 23±10 (11-35) 0.4 

Echocardiographic  Pre-stent 52 (12) <0.001  59±16 (40-78) 51 (11) 0.5
gradient, mmHg   58±15 (30-103)   57±14 (38-98) 

 Post-stent 25 (10)  24±9 (10-46) * 29±12 (10-51) * 0.2
  26±10 (8-51)  

Success rate, %  100  100 100 
• Values are expressed as mean±standard deviations (ranges), median (interquartile range) and numbers (percentages) 
• p1- paired Student’s t-test for comparison of post-stent versus pre-stent values for all patients, p2- Mann-Whitney U, unpaired Student’s t and Chi-square tests for comparison of Group 
1 and Group 2 values
• *-paired Student’s t-test - p<0.001 for comparison of post-stent versus pre-stent values within groups 

Table 2. Procedural features

Figure 4. Alterations of the mean invasive and echocardiographic gradient

Invasive gradient before
procedure

Invasive gradient after
procedure

Echocardiographic 
gradient before
procedure

Echocardiographic 
gradient after procedure
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Follow-up
The mean follow-up duration was 12.1±7.1, median 11 month 

(2-29). While mean invasive gradient decreased from 44±4 
mmHg (range 37-50) to 2±2 (range 0-7) mmHg, mean echocardio-
graphic gradient measured one day after procedure was 26±7 
mmHg (range 20-39) and there was no the diastolic run-off in 
echocardiographic examination. Follow-up echocardiographic 
examination of these patients revealed there was no statisti-
cally significant difference between echocardiographic gradient 
measured at 24-hour after procedure and first (29±10, 10-45 
mmHg) and 6 months (32±19, 10-47 mmHg) control measure-
ments (p>0.05 for all).

Following stent implantation, five patients (one patient (3.8%) 
in Group 1 and 4 patients (21%) in Group 2, (p=0.01) remained 
hypertensive requiring antihypertensive medication at a mean 
follow-up of 12.1 month. 

Eleven patients had a follow-up contrast CT scan at 6 month 
and none of them had any evidence of an endovascular leak, 
dissection, or aneurysm. Results of examination including mea-
surement of upper and lower extremity arterial tension, echo-
cardiography and CT during follow-up period demonstrated that 
no patient required redilation, no recurrence of the CoA and no 
evidence of dissection or aneurysm formation. 

Discussion

This study shows transcatheter treatment of CoA in older 
children, adolescents and adults with stenting results in immedi-
ate hemodynamic benefit. The stenting procedure was success-
fully completed in all patients. Our results are supported by 
other studies, with acute success rates approaching 100% (7). 
We have successfully utilized CP stents in the management of 
both native and reCoA. In both groups, stenting increased diam-
eter of CoA site and reduced invasive gradient significantly. Also 
the arm to-leg systolic gradient fell sufficiently. These findings 
point to a good relief of the obstruction. In addition, we have also 
demonstrated the efficacy and durability of covered stents to 
treat aneurysmal dilatation and CoA and PDA associations. 
There was no mortality related to the CoA during the transcath-
eter procedure or during the follow up period. 

Nowadays, both the subatretic CoAs and even the function-
ally IAA are treated successfully using intravascular stent. In 
mentioned pathologies, if the stenosis is very severe or totally 
obstructed with anatomical continuity, a two-stage approach 
could be advocated, with repeated procedure at approximately 
six months (10, 11). During this time, a scar forms in the area of 
previous angioplasty, and then stent implantation and redilation 
is performed securely. However, predilation first and then stent-
ing could also be performed at the same session (12-15). In our 
study, there were the subatretic native CoA’s in four cases and 
one patient had a functionally IAA. Covered stent implantation 
was performed successfully in all these cases. Predilation with 
the coronary and small Tyshak balloon were performed before 

stenting. We performed stent implantations without prior imme-
diate balloon angioplasty except in these five patients. 
Implantation directly without predilation not only shortens the 
procedure time but also possibly reduces the complication of 
acute dissection as it reduces the amount of catheter and wire 
manipulation across the unguarded freshly angioplasty-dilated 
site. However, in some cases, predilation is becoming a neces-
sity since the coarctation site is so narrow and does not permit 
long sheath passage.

It is possible to decrease stroke volume, blood pressure, and 
pulse pressure significantly, just prior to inflation of the balloon 
either by administering drugs such as adenosine, esmolol or by 
rapidly pacing the right ventricle with a pacing catheter (16, 17). 
We applied rapid right ventricular pacing in two patients with 
transverse arcus lesion and in a patient with aortic regurgita-
tion. Stenting of correct place is more important in transverse 
arcus lesion because of origin of large cranial vessels. 

Although overall anatomical and hemodynamic results of 
stent implantation are satisfactory, CoA stenting is not without 
risk. Aortic rupture, stent fracture, embolization or displace-
ments of stent are infrequent complications of stent implanta-
tion (18-21).

Aortic disruption can be a potentially catastrophic complica-
tion of CoA stenting (7, 22, 23). This complication occurred in one 
of the 45 patients in our study; however, deployment of a second 
covered stent successfully excluded the area of disruption from 
the circulation. We believe that a covered stent should be read-
ily available in the catheterization laboratory when CoA stenting 
is being performed. Some authors even claim to use covered 
stents as the primary implant to prevent this complication espe-
cially in elderly patients which have propensity to aortic rupture 
because of calcifications (24, 25).

Stent migration is also one of the most frequently encoun-
tered technical complications. The incidence is declared (28/588) 
4.8% in a multicenter retrospective series (7). Stent migration 
can result from balloon under sizing or over sizing or from bal-
loon rupture. Nearly half of the migrated stent repositioned and 
do not require any further intervention (7, 26, 27). Also some of 
them could be positioned suboptimal place in that case another 
stent is needed to cover true lesion. In one of our cases the stent 
was displaced before it was completely opened. It was carried 
with support of half inflated balloon and long sheath, and repo-
sitioned in to the correct place then fully inflated.

The incidence of peripheral vascular complications after 
stenting is 2-5% in literature. The complication is related with the 
size of arterial access sheaths required and patient’s age. How 
big the arterial sheath is required and how small the patient’s age 
and weight the complication risk increases (7, 24, 28). On the 
other hand, covered stent implantation requires a large delivery 
system. Recently, covered stents having low profile delivery 
system have been developed and studies with good results were 
reported with them (29). Although we used also 14 F sheath in 
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three adult patients we had not encountered any femoral arte-
rial complications. However, both in small aged patients to pre-
vent vascular complications, as well as in subatretic, very nar-
row cases to eliminate need for predilation this kind of new 
generation covered stents may be preferred.

The BP reduction is a major goal in treatment of CoA (30). In 
our study, stenting was successful in all patients. In addition, the 
arm to leg systolic gradient fell sufficiently. These findings both 
point to a good relief of the obstruction. However, five of 45 
patients are hypertensive requiring antihypertensive medication; 
all are older than 14 years old. After successful stenting, improve-
ment in HT occurs in most patients (31). However, HT may persist 
after CoA stenting in adult life, probably due to structural and 
functional abnormalities of the arterial wall, which can result in 
diminished arterial wall compliance and increased rigidity (30, 32). 
Long-standing HT in these patients may be an important factor in 
persistence of HT despite successful stenting. 

Most cases of isolated native or reCoA are suitable for stent 
implantation in patients over 20 kg. However, complex cases 
such as those with additional cardiac abnormality (significant 
valvular regurgitations), with large aneurysms (maximum CP 
stent diameter 24 mm), or femoral arterial problems related with 
previous interventions CoA repair are better managed by sur-
gery. Also in cases of interruption other than membranous atre-
sia with a gap between ascending and descending aorta, sur-
gery must be the first choice (33). 

Study limitations
Some limitations have to be noted about this study. Firstly, we 

need a greater number of patients have undergone stent implan-
tation and their long-term results. Secondly, our population 
included both children and adult. Thirdly, this was a single-cen-
tre report and patients were not compared with surgery or BAP 
alone. Fourthly, 24-hour ambulatory blood pressure monitoring 
before stenting was not performed in any patients. Finally, radio-
logic imaging for aneurysm was done in limited number of 
patients after procedure.

Conclusion

Endovascular stenting for native and reCoA of the aorta in 
older children and adults appears to be an acceptable treatment. 
This conclusion is supported by our finding of effective relief of 
the CoA gradients and increasing lesion diameters in both native 
and recurrent coarctation. However, some serious complica-
tions do occur and HT remains in some patients. Aortic disrup-
tion and stent displacement are potentially catastrophic compli-
cations of stenting but implanting a second covered stent can 
seal the ruptured wall and parking in a safe area or replacement 
of displaced stent carried by half-inflated balloon could solve 
the problem. Continued follow-up, to assess long-term results of 
stent implantation is warranted.
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