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ABSTRACT

INTRODUCTION: Although rare, coarctation of aorta is a treatable cause of hypertension, transcath-
eter dilatation by balloon with or without stent are a well-known treatment strategy.

OBJECTIVE: This study is designed to review the mode of presentation of patients with coarctation
of aorta referred to Ibn Al-Bitar Hospital and to compare the immediate and intermediate outcomes
of transcatheter balloon angioplasty with and without stenting.

METHODS: A case series study conducted at Ibn Al-Bitar Cardiac Centre from February 2009 to Feb-
ruary 2010. Forty-five patients that diagnosed by echocardiography as coarctation of aorta. Their de-
mographic features, way of presentation, family history of congenital heart diseases and other echo-
cardiographic associated lesions were identified. Forty-two patients have undergone intervention.
Either balloon dilation with or without stenting. Their intra-operative complications were reported
in addition to immediate and intermediate success rates.

RESULTS: Boys are predominant than girls, their age ranged from 1 month to 18 years. Undiagnosed
cardiac murmur is the commonest cause of referral. More than 50 % (26 patient) of cases were simple
coarctation of aorta. Intimal tear was reported in 4 patients (9.52%) while aorticaneurysm, transient
complete heart block, and death were reported in one patient for each. Both interventions have an
equivalent good success rate immediately after the intervention; however, stenting has maintained
better success rate after 6 months of follow up.

CONCLUSION: Patients with coarctation of aorta is suffering from delaying in referral to cardiologist
and this is reflecting on increasing complication such as left ventricular dysfunction. Overall com-
plication rate of both interventions is low. Balloon angioplasty and stent has equivalent immediate
success rates; however, intermediate success rate is much better with stenting.
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INTRODUCTION

Coarctation of aorta (COA) is a discrete ste-

86

nosis of the proximal thoracic aorta just distal
to the origin of the left subclavian artery. This
stenosis may involve a long segment with aortic
arch hypoplasia and it may involve abdominal
aorta.' It was first described by Prussian anato-
mist Johann Friederich Meckel in 1760.% It rep-
resents 8-10% of all congenital heart diseases. It
is more prevalent in males in a ratio of 3:1. Bal-
loon angioplasty has been used for coarctation
of the aorta since 1982.3

Previously, COAis classified* into three types

according to the site of coarctation in relation
to ductus arteriosus: preductal that commonly
associated with turner syndrome,>® ductal, and
post ductal. Coarctation of aorta is considered
simple if it is not associated with other congeni-
tal heart diseases (CHD) apart from (PDA) and
this represents 52% of all cases of coarctation;
Otherwise, It is called complex which repre-
sents the remaining 48% of the cases.’

Patients are usually presented in one of
three patterns:®
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1. Catastrophic illness, heart failure and sudden
shock when dusctus arteriosus closes in in-
fant at age of 8-10 days.

2.Hypertension presented in later childhood
and adolescence.

3.Cardiac murmurs that may be discovered inci-
dentally.

About 20-30% of all patients with COA devel-
ops congestive heart failure by 3 months. If it
is undetected or untreated, early death may re-
sult from congestive heart failure and renal shut
down. At age of 46 years, 76% of patients with
COA dies. Heart failure is the commonest cause
of death (28%), followed by rapture aorta (26%),
SBE secondary to stenotic bicuspid aortic valve
(18%), and rupture berry’s aneurysm (12%).2

Patients with coarctation of aorta can be
safely engaged in most physical activities; how-
ever, heavy isometric exercises such as power
weight lifting may be prohibited especially in
the presence of pre-stenotic dilatation of the
aorta.’

In patient with COA, electrocardiography
is completely normal in about 20% of patients.
Presence of left ventricular hypertrophy and
left ventricular strain pattern is highly sugges-
tive of associated aortic stenosis.® chest X ray
may show cardiomegaly, rib notching, abnor-
mal contour of the aortic arch, pre-stenotic
dilatation that involves the left subclavian ar-
tery, and post-stenotic dilation of the descend-
ing aorta.” Two dimensional echocardiography
provides accurate noninvasive assessment of
coarctation.”® MRI and CT angiography are suit-
able for patients who needs serial imaging i.e.
before and after surgery or balloon. MRI study
can even assess the pressure gradient across
coarctation.""

Adult hypertension or incidental cardiac
murmurs are the commonest causes of referral
of patients with COA to cardiologist, while only
in 14 % of them the diagnosis is established by
paediatrician before referral.’

COA is one of the treatable congenital heart
diseases and one of the rare treatable cause of
hypertension. Outcome is dependable on early
referral of patients to tertiary centres. This
study is designed to review the mode of pres-
entation of patients with COA referred to Ibn
Al-Bitar Hospital and to compare the immediate
and intermediate outcomes of transcatheter
balloon angioplasty with and without stenting.

METHODS

Settings and study design: A descriptive case
series study conducted on 45 patients who was
newly diagnosed as COA at Ibn Al-Bitar Cardiac
Centre in Baghdad from February 2009 to Feb-
ruary 2010.

Ethical issues: the study was approved by the
administration of the centre. Participants’ fami-
lies were informed about the procedure, its
benefits and potential complications, and their
written informed consent were requested prior
to enrolment in the study.

Definition of the case, inclusion and exclu-
sion criteria: Patients who were below age of
18 years and diagnosed as COA at Ibn Al-Bitar
Cardiac Centre were enrolled in this study. The
diagnosis was confirmed in all patients by the
presence of a pressure gradient of > 20 mm Hg
across descending aorta by echocardiography.
The total number of patients who fulfilled the
above criteria were 45 patients. Three of them
have refused to do transcatheter intervention
in our centre and were excluded from our calcu-
lation of immediate and intermediate outcomes
and immediate complications of the interven-
tion.

Outcomes and procedures: Complete medical
history was taken from the family with special
emphasis on cause of referral to the hospital,
family history of COA and or other congenital
heart diseases in first-degree relatives. Thor-
ough physical examination was carried out.
The diagnosis was made by continuous mode
doppler echocardiography by the presence of
a pressure gradient of > 20 mm Hg across de-
scending aorta. Demographic features, ways of
presentation, family history of COA and other
congenital heart diseases, and presence of as-
sociated congenital heart diseases were re-
ported by echocardiography for all 45 patients.
Forty-two of them have undergone catheteriza-
tion. Thirty-two have received balloon dilation
and ten have received balloon dilation with
stenting. Interventions were chosen according
to patients’ age and their body weights. Gen-
erally, we used stent in children age >6 years
and/ or body weight > 26 Kg. Pressure gradient
across the coarctated segment were measured
through catheterization before the interven-
tion and immediately thereafter. Mean change
in pressure gradient before and after the inter-
vention of those underwent balloon angioplas-
ty alone were compared to those underwent
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balloon dilation with stent. We followed up all
patients for 6 month and pressure gradient is
measured again by echocardiography and mean
pressure gradient were also compared between
two groups. We reported the following immedi-
ate intra-operative complications: Intimal tear,
aneurysm, heart block, death.

Catheterization: Before each procedure, the
patient’s parents signed a written informed
consent. Patients were instructed to cease oral
intake a minimum of 4 hours before the sched-
uled procedure. Maintenance fluids were ad-
ministered through an intravenous line placed
at the time of presentation to the catheteriza-
tion laboratory, premedication with midazolam
afforded sufficient sedation for all patients be-
fore transfer to the catheterization laboratory.
Under general anaesthesia femoral venous and
arterial access are established, after that pa-
tients received intravenous heparin in a dose
of 150 1U/Kg (maximum 5000 IU) to maintain
an activated clotting time >200 seconds; with
an additional dose of 75 IU/Kg if the procedure
duration exceeded two hours. Baseline haemo-
dynamics including direct measurement of the
ventricular end-diastolic pressure through a pig-
tail catheter were performed. The peak-to-peak
systolic coarctation gradient was first estimated
by direct pullback of an end-hole catheter, then
confirmed (if possible) by simultaneous ascend-
ing and descending aortic pressures, with con-
sideration of any premeasured standing wave.
Angiographic lumen diameter was determined
by measuring the intraluminal contrast column
and correcting for magnification. We used Ty-
shak balloon and the balloon diameter is chosen
to equal the diameter of the aortic isthmus with
inflation time of less than 10 seconds; inflations
can be repeated two to four times. If necessary
for optimal gradient relief a larger balloon may
be used but should not exceed the diameter of
the aorta at the level of the diaphragm. Gradi-
ent measurements were repeated after the in-
tervention.

Stent implantation technique, as dictated
by the balloon/stent profile, introduced in the
femoral artery was advanced across the lesion
over a stiff guide wire. The tip of the wire was
positioned in either the ascending aorta or in
the right subclavian artery. The sheath and wire
then served as a delivery system for the balloon
and stent. A side-arm adaptor on the sheath
also permitted angiography to refine stent posi-
tion before deployment. In general, we chose

the shortest stent that could safely straddle the
stenotic area in an attempt to avoid creating
long, noncompliant segments of aortic wall. If
the first stent did not sufficiently span the angi-
ographic area of narrowing a second stent was
placed. In several cases the standard implanta-
tion technique was modified to minimize the risk
of stent migration during balloon inflation. With
the stent in position, but still within the sheath,
partial retraction of the sheath exposed one
end of the balloon and stent. A small volume (1
to 2 mL) inflation caused the exposed portion
of the balloon to expand slightly, thereby fixing
the stent during subsequent full inflation.

We used two doses of amoxicillin as antimi-
crobial prophylaxis for all patients in a dose of
50 mg per Kilogram body weight. The first dose
was given immediately before placement of the
stent and the other dose was 16 hours thereaf-
ter. Patient who has a history of sensitivity to
penicillin was given vancomycin in a dose of 20
mg per Kilogram body weight.”® The patients
were observed overnight and received hepa-
rin infusions at 15 to 20 1U/kg per hour. Before
discharge home, all patients underwent clinical
evaluation and echocardiography. Chest X ray
was revered only for those treated by with st-
ents. Aspirin in a dose of 40-80 mg per day was
prescribed for 3-6 months for all patients who
were treated by balloon dilation with stent.

Definitions: For the sake of this study, the fol-
lowing terms were defined as follows:

1. Significant coarctation means systolic pres-
sure gradient across the coarctated segment
of >20 mmHg.

2.Discrete coarctation: the coarctated segment
is shelf like and doesn’t extend beyond the
ligamentum arteriosum.

3.Tubular coarctation: long and diffusely nar-
rowed segment that extend beyond the liga-
mentum arteriosum.?

4.Successful intervention: peak-to-peak systolic
pressure gradient across the coarctated seg-
ment < 20 mm Hg after intervention.

5.LV dysfunction: echocardiographic measure-
ment of LVEF of <54% or by catheterization
poor global LV contractility.

6.Tear or minor flap: thin mobile membrane
extending into the wall over no more than a
quarter of the circumference of aorta. If ex-
tend over more than a quarter of the circum-
ference of aorta then defined as a major flap.>

7.Restenosis: increase in pressure gradient
across the coarctated segment to > 20mm Hg
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Table 1: Causes of referral of patients to Ibn Al-Bitar Hospi-
tal for Cardiac Surgery.

Cause of referral Number of patients (%)

Cardiac murmurs 33(73.33)
Unexplained hypertension 6(13.33)
LV dysfunction 4(8.88)
Diagnosis of COA before referral 2(4.44)

Table 2: Patients with family history of congenital heart
disease in first degree relatives.

Congenital heart disease

Number with family history (%)

vsD 2(4.44)
ASD 1(2.22)
AS 1(2.22)
Total 4(8.88)

VSD: ventricular septal defect, ASD: atrial septal defect, AS: aortic stenosis

after initial successful intervention.

Statistical analysis: All data were coded and
entered to computer by using statistical pack-
age for social science SPSS-17. Summarization
of date done by using numbers, percents and
mean#SD. Association between different vari-
ables was measured by using Chi-square test.
Difference between pressure gradients before
and after interventions was measured by using
t-test. P value =< 0.05 was considered as a level
of significance.

RESULTS

The total number of patients included in this
study was 45 patients; 32 (71.11%) males and 13
(28.9%) females. The male to female ratio was
2.4:1. The youngest age at diagnosis was one
month and the eldest was 18 years (216 months).
The mean age of the studied sample at time of
diagnoses (in months) was 51.27+65.7.

Table 1 shows the causes of referring patients
with COA, while table 2 reported the prevalence
of some congenital heart diseases in the first
degree relatives of patients with COA. By echo-
cardiography, 26 patients (57.8%) with simple
COA while 19 (22.2) were complex. Table 3 shows
the associated congenital heart diseases.

Angiography of aorta has shown that 34
(80.95%) patients have discrete coarctated seg-
ment, while 8 (19.04%) patients has shown tubu-
lar segment. Table 4 shows the haemodynamic
data pre and post intervention. Overall imme-
diate intra-operative complications are shown
in table 5. Table 6 and 7 show the comparison of
immediate and intermediate success rate be-

Table 3: Associated cardiac defects as diagnosed by ECHO.

Cardiac defect Number of patients (%)

Bicuspid AV 12 (26.66)
VSD 9(20)
MR 9(20)

AR 7(15.55)
ASD 6(13.33)
AS 5 (11.11)
PDA 3(6.66)
MS 3(6.66)

AV: aortic valve, VSD: ventricular septal defect, MR: Mitral regurgitation, AR:
Aortic regurgitation, ASD: atrial septal defect, AS: aortic stenosis, PDA: Patent
ductus arteriosus, MS: Mitral stenosis

tween balloon dilation a lone and with stent.

DISCUSSION

In this study, male to female ratio was 2.4:1
which is similar to the ratio reported by other
worker.”> However, an extreme male predomi-
nance (8:1) was reported by Ozawa et al."* Pa-
tients’ age at diagnosis ranged from 1 month to
18 years. Ozawa et al'* reported an age range of
2.5 months to 5 years, and Carline Ovaert et al®
has reported a range of 6 months to 5.8 years.
This clearly shows a delay in the diagnosis and
referral of patients with COA, which may be at-
tributed to the lack of awareness about the dis-
ease at primary health care facilities.

The most common cause of referral to our
hospital is, as expected, cardiac murmurs 33
(73.33%) of cases. While only 2 (4.44 %) of our
patients were already diagnosed as COA on re-
ferral. It has been stated that diagnosis of COA
before referral was 14 %.” Our low percentage
of diagnosis before referral may be due to lack
of awareness among healthcare providers at
primary and secondary healthcare centres,
unavailability of diagnostic facility, and lack of
expert personnel in congenital heart diseases.

Delay of diagnosis and seeking medical help
end with LV dysfunction. Eight patients (8.88
%) were referred as LV dysfunction in our study.
Development of LV dysfunction, especially in
complex coarctation, masks cardiac murmurs
and renders it difficult to diagnose COA unless
low threshold for the diagnosis is always main-
tained."®

Shunt lesions (VSD and PDA) are the com-
monest types of left to right shunts associated
with COA found in 26% of this study; a finding
which is similar to that of Al-Kubaisy” and Al-
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Table 4: Haemodynamic data of cardiac catheterization before and immediately after the intervention.

Catheterization haemodynamic Data

Before the inter- Ascending aortic pressure (mean +SD)

vention Descending aortic pressure (mean +SD)

Immediately after Ascending aortic pressure (mean +SD)

the intervention Descending aortic pressure (mean +SD)

PG: Pressure gradient, SD: standard Deviation

Table 5: Complications developed during cardiac cath-
eterization.

Complication Number of patients (%)

Intimal tear 4(9.52)

Aneurysm 1(2.38)

Complete Heart block 1(2.38)

Death 1(2.38)

Total 7(16.66)
Amiry.'®

We found that 26 patients (57.8%) have sim-
ple COA, this is similar to other two Iraqi studies
that reported simple COA to be 52%"7 and 49 %'®
respectively. In our series of cases, bicuspid aor-
tic valve was the commonest associated cardiac
lesion with COA seen in 12 patients (26.66%).
Although Moss™ has also shown that bicuspid
aortic valve is the commonest associated lesion
in COA but he reported it in 80 % of his sample.
This huge difference in detecting Bicuspid aor-
tic valve may be attributed to the fact that it is
easily missed by echocardiographer unless high
level of expectation is maintained. Mitral valve
lesions (stenosis and regurgitation) are seen in
12 (26.66%) patients of our sample. Perloff has
reported nearly similar result.?

Angiographically discrete coarctation seen
in 34 patients (80.95%). the same finding was
reported by Moss."

With regards to immediate operative compli-
cations, intimal tear has happened in 2 (9.52%)
patients. Both of them were seen exclusively
in balloon dilation and never happened with

Systolic Diastolic Systolic PG
135.12£42.2 71.9%27.94 90.6%+29.22
53.57+19.98
81.31+29.26 59.76+23.00 70.48+26.66
91.31£25.50 60.48£23.45 76.19+22.46
7.86%6.73

83.21+22.97 53.45%19.11 65.71+18.27

stenting. In Al-Amiry study,' intimal tears was
reported in 34 % of the patients with balloon di-
lation and 28% of patients underwent stenting.
The obvious difference can be referred to the
type of balloon used in both studies. We have
used Tyshak balloon while Al-Amiry has used
Zemid balloon and it is well-known that Tyshak
balloon has a low bursting pressure than Zemid
resulting in low incidence of intimal tear.

Only one patient (2.38%) has developed an-
eurysm after balloon dilation. This is less than
that reported by Masood Sadiq.” This differ-
ence can be explained by the fact that Sadiq has
operated on older patients than ours, his range
of age was 20-40 years. In addition, many of
his patients had risk factors for atherosclerosis
such as diabetes mellitus and smoking.

Transient complete heart block has devel-
oped in one patient who has severe uncon-
trolled hypertension and managed by stenting.
Up to our effort in searching literature about
this complication, we could not find a case of
complete heart block in patients with COA who
underwent balloon dilation with or without
stenting. In our study, one patient has died on
the table due to rapture dissecting aorta. This
unfortunate and dreadful incident has occurred
during stent placement. Many studies have
shown similar sinister complication; Swan?°
has reported death in 0.7 % of his series, while
Ovaert® has reported it in 1%.

We defined success as peak-to-peak systolic
pressure gradient across the coarctated seg-

Table 6: Response of haemodynamic parameters to interventions during cardiac catheterization

Intervention

Balloon dilation

Initial pressure gradient (mean  Post-interventional pressure gradient

Success rate P value

+SD) (mean £SD)

48.59+16.96 6.09%5.50 100% 0.003

Stenting 69.50%21.40 13.5%7.47 90% 0.002

Table 7: Intermediate outcome by ECHO follow up .

Intervention

Balloon dilation 31.41£11.59
Stenting 15.5%3
0.0001

Pressure gradient on follow up after 6 months (mean £SD)

Success rate P value
62.5% 0.007
88.887% 0.0001
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ment < 20mm Hg after intervention. Accord-
ingly, we achieved initial success rate in 100 per-
cent of those treated by balloon angioplasty,
and in 90 % (9/10) of those treated by stent (one
patient has died due to rupture aortic aneu-
rysm). These results are better in comparison to
Al-Amiri'® who reported 84 % and 88 % respec-
tively, and they are comparable to the results of
other studies.??*?32425

On intermediate (six months after interven-
tion follow up) follow up by echocardiography,
restenosis was observed in 12 (37.5%) patients
with balloon angioplasty. While restenosis was
reported in one patient (11.11%) treated by stent.
This observation is contradicting Al-Amiry'® who
found no significant difference between balloon
dilation and stenting on intermediate follow up.
The superiority of the stent over balloon dila-
tion can be explained by the fact that the stent
are designed to oppose the elastic recoil of the
stenotic vessel.

Despite the general agreement that stenting
in paediatric age groups is indicated for children
> 6 years of age and/or > 26 kg in weight, Ham-
dan et al had used stents for children 4 years
old and /or 18 kg in weight and made advantage
from the superiority of stents over balloon.?

CONCLUSIONS

Patients with COA is suffering from delaying
in referral to cardiologist and this is reflecting
on increasing complication such as LV dysfunc-
tion. Overall complication rate of both interven-
tions is low. Balloon angioplasty and stent has
equivalent immediate success rates; however,
intermediate success rate is much better with
stenting.

REFERENCES

1. Ho SY, Anderson RH. Coarctation, tubular hypoplasia, and the
ductus arteriosus: Histological study of 35 specimens. Br Heart J
1979;41:268-274.

2. Perloff JK. Coarctation of aorta. In: perloff JK (ed). The clinical rec-
ognition of congenital heart disease. 5th ed, Philadelphia: Saunders;
2003. p113.

3. Beckman RH, Rocchini AP,Behendt DM, et al. Reoperation for the
coarctation of aorta. Am J cardiol 1981;48:1108-1114.

4. Valdes-Cruz LM, cayre RO. Echocardiographic diagnosis of congeni-
tal heart disease. Philadelphia: Lippincott Williams & Wilkins; 1998.

5. Coran,R.,V. Kumar,and N.Fausto (2005). Robbins Pathologic Basis of
disease , 7th Ed. W.B. saunders. ISBN 0-8089-2302-1.

6. Mueller DK, Odim J. Surgical approach to coarctation of the aorta
and interrupted aortic arch. [Internet]. 2015 [updated March 30,
2015; cited May 30, 2017]. Available from: http://emedicine.med-

scape.com/article/903965-overview.

7. Rosenquist GC. Congenital heart disease associated with coarctation
of the aorta. Circulation 1974; 49:985-989.

8. Campbell M. Natural history of coarctation of the aorta. Br Heart J
1970; 32: 633-640.

9. Edwards JE, Christinson NA,Clagett OT, et al. Pathological Considera-
tion in Coarctation of the Aorta. Mayo Clinic Proc 1978; 32:324-332.

10. Meliones JN, Snider AR, Serwer GA,et al. Pulsed Doppler assessment
in children with left ventricular outflow obstruction before and after
balloon angioplasty. AM J Cardiol 1989;63:231-236.

11.  Nelsen JC, Powell AJ, Gauvereau K, et al. Magnetic Resonance Imag-
ing Pridictors of coarctation severity. Circulation 2005; 111:622-628.

12. Rudolph AM, Heymann MA, Spitznas U. Hemodynamic consideration
in the development of narrowing of the aorta. AM J cardiol 1982;
30:514-525.

13. Beekman RH. Coarctation of Aorta. In: Allen HD, Driscoll DJ, Shaddy
RE, Felted TF. Moss and Adams’ Heart Disease in Infants, Children
and Adolescents: Including the Fetus and Young Adult. 8th Edition
Philadelphia: Lippincott Wiliams and Wilkins; 2013.

14. Ozawa A,chutervedi R, Lee KJ. Cutting balloon angioplasty for aortic
coarctation. J invasive cardiol. 2009 June;21(6): 295-299.

15. Ovaert C ,McCrindle B,nykanen D,McDonald C,Freedom R, Benson
L.Balloon Angioplasty of Native Coarctation: Clinical outcome and
Predictor of success. J Am Coll Cardiol 2000;35:988-96.

16. Cowely CG, Orsmond GS, Feola P,et al: long term, randomized com-
parison of balloon angioplasty and surgery for native coarctation of
the aorta in childhood. J Circulation 2005;111:3453-3456.

17. Al-Rubaiy F, Al-kubaisy O. Coarctation of the Thoracic aorta: Symp-
toms, Diagnosis,Treatment and Result in 100 patients. Unpublished
article.

18. Al-Amiry, Adel S. Transcatheter treatment for native aortic coarcta-
tion in adults. Unpublished article.

19. Masood Sadiq , Nadeem Hayat, Zubair Akrem. Management of co-
arctation of the aorta by using stents in older children, adolescents
and adults- immediate results and intermediate follow up. Pak paed
J Dec 2002;26(4):177-185.

20. Swan L.The long term management of patient with an Aortic Corcta-
tion Repair: Review. Euro H J 1998;19:382-386.

21. Beekman R, Rocchini A, Dick M, Snider A, Crowley D et
al.Percutaneous Balloon Angioplasty For Native Coarctation of Aor-

ta.J Am Coll Cardiol 1987;10:1078-84.
22. Majwal T.Self expandable stenting of aortic Caorctation in adult. Am

Coll Cardiol 2002; 39:Suppl(9)B.

23. Hamdan M,Maheshwari S,Fahey J,Hellenbrand W. Endovascular
stent for coarctation of the aorta : initial results and intermediate

term follow up. J Am Coll Cardiol 2001;38:1518-23.

24. Fletcher SE, Nihill MR, Grifka RG,Mullins CE. Balloon angioplasty of
Native Coarctation of aorta: Midterm follow up and prognostic fac-
tor. J Am Coll Cardiol 1995;25:730-4.

25. Rao PS.Long term follow up Result after balloon dilatation of pul-
monic stenosis , aortic stenosis and coarctation of aorta: A review.
Progress in Cardiovascular disease 1999;42:59-47.

26. Rosenthal E. Stent implantation for aortic coarctation: the treat-
ment of choice in Adult? J AM Coll Cardiol 2001; 38:1524-1527.

Abbreviation list: Aortic regurgitation (AR), atrial septal defect (ASD),
aortic stenosis (AS), aortic valve (AV), Coarctation of aorta (COA), Con-
genital heart diseases (CHD), International unite (1U), Left ventricle (LV),
Left ventricular ejection fraction (LVEF), Magnetic resonance image
(MRI), Mitral regurgitation (MR), Mitral stenosis (MS), Patent ductus
arteriosus (PDA), ventricular septal defect (VSD)

Conflict of interest: Authors have nothing to declare.

Funding: Authors received no funds to complete this study a part from self
funding.

Iraqi New Medical Journal | July 2017 | Volume 3 | Number 2

iraginmjournal@yahoo.com & iraginmjournal@moh.gov.iq

91





