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Abstract
Objectives: To retrospectively determine the incidence of recoarctation within two years of repair of isolated coarctation of the aorta
in patients aged less than 14 years and operated on in our institution, and to identify the risk factors for recoarctation in our study

cohort.
Methods: Review of hospital records from 1990-2016 yielded 350 patients aged less than 14 years who had undergone repair of
coarctation of the aorta, 84 of whom had isolated coarctation and comprised the study cohort. We studied possible factors influencing
the risk of recoarctation, including sex, delivered term or preterm, age group at diagnosis (neonate, infant, child), administration of

prostaglandin E1, type of aortic valve (bicuspid, tricuspid), type of coarctation (juxtaductal, preductal, postductal), surgical approach
and type of surgical procedure (end-to-end anastomosis, extended end-to-end anastomosis, subclavian flap). We use binary

logistic regression to analyse associations between the above-listed patient characteristics and identify independent predictors of
recoarctation requiring intervention.

Results: Reintervention by catheterisation was required within two years of surgery by 23 (27.4%) of the 84 patients with isolated
coarctation, 11 of whom (47.8%) had developed recoarctation within one year of surgery. Binary logistic regression of the examined

variables between those who did and did not develop recoarctation failed to identify any significant risk factors for recoarctation (χ2
(8) = 6.532, p = 0.558).

Conclusion: In our cohort, the incidence of recoarctation within two years of repair of isolated coarctation of the aorta in patients
aged less than 14 years is 27.4%. We were unable to identify any risk factors for recoarctation.
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Introduction

vian flap angioplasty-also known as the Waldhausen [5] procedure

Coarctation of the aorta was first successfully repaired by Cra-

after its author-involves transection of the subclavian artery and its

ferent surgical procedures described for coarctation, all of which

to., et al. [6] in 1977. To the best of our knowledge, this paper is the

foord in 1944 [1]. Coarctation of the aorta (CoA) accounts for 5
- 8% of congenital heart disease [2] and there are multiple dif-

have their individual advantages and disadvantages. Resection

and end-to-end anastomosis-first developed by Gross., et al. [3]-is
still widely used especially in older children and adults. Prosthetic
patch aortoplasty-first used by Vosschulte [4] in 1957-entails the
use of a prosthetic patch to enlarge the site of coarctation. Subcla-

subsequent use as a flap to enlarge the site of coarctation. Extended
resection and end-to-end anastomosis was first described by Amafirst to report isolated CoA repair in the Kingdom of Saudi Arabia

(KSA). Coarctation repair operative mortality is almost exclusively
secondary to associated cardiac anomalies; however, recoarctation
continues to be a problem. Recoarctation has been reported in a

number of children in surgical series under different techniques
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[7,8]. However, in the modern era, recurrent aortic arch obstruc-

and 75 percentiles). Normality distribution was assessed by Sha-

[9-11]. Close follow up with clinical blood pressure differences

generated to demonstrate re-intervention-free survival. A log–rank

tion remains a major cause of morbidity following surgical neona-

tal repair of CoA and re-intervention occurs in 4–20% of patients

between upper lower extremities using non-invasive diagnostic
methods (Doppler echocardiography, magnetic resonance imag-

ing, computed tomography scan, ECG,) was helpful to diagnose
recoarctation. There is no consistence finding in previous studies
to highlight a specific diagnostic tool and previous data regarding
risk factors for recoarctation in KSA are not available.
Methods

Using an electronic and paper archive database, we reviewed

retrospectively all consecutive patients who underwent CoA re-

th

piro–Wilk test. Freedom from event (CoA re-intervention) analy-

sis was done through Kaplan–Meier method. Survival curves were
test was used to determine differences in the freedom from event
distribution of independent groups. Binary logistic regression was
used to analyse associations between patients’ characteristics and
identify independent predictors for re-coarctation intervention.
A p-value of < 0.05 was considered statistically significant for all

tests. SPSS version 25 (IBM Corp., Armonk, New York) was used for
all analyses.

Results

A total of 350 patients underwent surgical coarctation repair of

pair by paediatric cardiac surgeons with multiple teams for a total

the aorta in our centre from 1990 and 2016. After applying the in-

patients) and all who had re-intervention by catheterisation (23

infants (48.8%) followed by neonates (38.1%) at the age of diag-

of 350 patients under 14 years of age at our institution between
1990 and 2016. We included all patients with an isolated CoA (84

patients). Patients with other congenital heart diseases were excluded. Demographic data included sex, weight, preterm/term, age

at diagnosis, prostaglandin infusion, time of re-intervention, type
of re-intervention, follow-up cardiac CT and MRI, follow-up ECG
and ECHO. Anatomical descriptions of the aortic valve and aortic

arch were analysed from echocardiographic records and surgical

records, respectively. The presence of patency of the arterial duct
was also observed.
Inclusion criteria

Under 14-years-old (within paediatric age group, Ministry of

Health, KSA) and received isolated coarctation repair.
Exclusion criteria

Complex left-sided cardiac lesions, interrupted aortic arch, and

ventricular septal defect were excluded from our research because

cofactors for coarctation and surgery can be at multiple stages. We

excluded other associated lesions to isolate patient non-cardiac

clusion criteria, 84 patients were included in the analysis. Patients’

median age is 1 (0.5 - 3.75) month. The majority of patients were
nosis. Sixty-five patients (77.4%) had juxtaductal CoA, 10 (11.9)
patients had postductal CoA and the remaining 9 (10.7%) patients

had preductal type of CoA. All patients underwent surgical coarctation repair. Patients’ characteristics are summarised in table 1.
Characteristics
Age at Diagnosis
Age (months)

Neonates (< 1 month)
Infant (< 1 year)

Children (< 14 years)
Gender
Male

Female
Weight

Premature/term

lesions as syndromes and for other congenital heart lesions, like

Pre-term

Statistical analysis

Aortic Valve (AV) Type

Shone complex.

The descriptive analysis of categorical variables is expressed as

frequency and percentages. If normally distributed, then continu-

ous variables are displayed as mean ± standard deviation; if nonnormally distributed, then median with interquartile range (25th

Value
1.05 (0.5, 3.75)
32 (38.1)
41 (48.8)
11 (13.1)
44 (52.4)
40 (47.6)
3 (2.8, 3)
7 (8.3)

Term

77 (91.7)

Bicuspid AV

46 (54.8)

Prostin

Tricuspid AV

Coarctation Type
Preductal CoA

43 (51.2)
38 (45.2)
9 (10.7)
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Juxtaductal CoA
Postductal CoA

Age at Surgery
Age (months)
Neonates
Infant

Re-coarctation
Intervention

65 (77.4)
10 (11.9)

1.1 (0.6, 4)

Children

Surgical Approach
Left thoracotomy

Left anterolateral thoracotomy

Left anterosternal thoracotomy

Left posterolateral thoracotomy
Type of Surgery

End to end anastomosis

Extend to end anastomosis
Subclavian flap

31 (36.9)
38 (45.2)
15 (17.9)
78 (92.9)
1 (1.2)
4 (4.8)
1 (1.2)

48 (57.1)
10 (11.9)
26 (31)

Table 1: Baseline and surgical characteristics of
patients who underwent CoA repair.

Median age at surgery is 1.1 (0.6, 4) months. The majority of the

patients were male (52.4%) while median weight at time of repair
was 3 (2.8 - 3) kilograms.

All 84 patients underwent surgical repair of CoA. The surgical

approach for 78 (92.9%) patients was through left thoracotomy, 4
(4.8%) patients through left anterosternal thoracotomy, 1 (1.2%)

patient left anterolateral thoracotomy and left posterolateral for
1 (1.2%) patient. The most common types of CoA repair for most

patients (48, 57%) were end-to-end anastomosis, 26 (31%) sub-

clavian flap and extended end-to-end anastomosis for 10 (11.9%)
patients.

During a median follow-up of 121 (21, 174) months, need for re-

CoA intervention was 27.4% (n = 23). Among patients who needed
re-CoA intervention 11/23 (47.8%) needed re-intervention within
one year post-surgery. Most patients (21/23, 78.3%) underwent
re-intervention within the follow-up time of 21 months.

The following describes the data on the 84 patients that re-

ceived re-intervention as summarised in table 2.

The Kaplan–Meier re-CoA freedom from re-intervention was

168.4 ± 10.3 (mean ± standard error) months. Freedom from re-

Characteristics

No
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Yes

p-value

9 (39.1)

0.339

Gender
Female

Male

31 (50.8)

30 (49.2)

14 (60.9)

22 (36.1)

10 (43.5)

0.523

Yes (n = 43)

29 (47.5)

14 (60.9)

0.276

Bicuspid

32 (52.5)

14 (60.9)

0.490

45 (73.8)

20 (87)

0.397

29 (47.5)

9 (39.1)

9 (39.1)

0.752

56 (91.8)

22 (95.7)

0.851

1 (1.6)

0

Pre-term
Term

Age Group at Diagnosis
Neonate
Infant
Child

Prostin
No (n = 41)
AV Valve

Tricuspid

CoA Type
Juxtaductal

Preductal

Postductal

Age Group at Surgery
Neonate

Infant

Children

Surgical Approach
Left thoracotomy

Left anterolateral thoracotomy

Left anterosternal thoracotomy

Left posterolateral thoracotomy
Type of Surgery

End-to-end anastomosis

Extend end-to-end anastomosis
Subclavian flap

4 (6.6)

57 (93.4)

32 (52.5)
7 (11.5)

32 (52.5)
29 (47.5)
8 (13.1)
8 (13.1)

22 (36.1)
10 (16.4)
1 (1.6)
3 (4.9)

33 (54.1)
8 (13.1)

20 (32.8)

3 (13)

20 (87)

9 (39.1)
4 (17.4)
9 (39.1)
9 (39.1)
1 (4.3)
2 (8.7)

5 (21.7)
0

1 (4.3)

15 (65.2)
2 (8.7)

6 (26.1)

0.289

0.645

Table 2: Characteristics of patients who had re-intervention.

CoA intervention at 1, 3, 5, and 10 years was 98.8 ± 1.2%, 78.1 ±
4.6%, 76.8 ± 4.7% and 71.1 ± 5.1%, respectively. Re-coarctationfree survival is shown in figure 1.
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of the patient on recoarctation. Ame´lia Lehnert., et al. showed that

preoperative medical management of CoA with the use of PGE1
in neonates has a significant impact on the risk of recoarctation.

The modalities of PGE1 use should be reconsidered to obtain an

adequate description of the aortic arch segments in order to optimally guide surgical repair [14]. Adamson [15] found that infants
with a postoperative coarctation of aorta index of less than 0.7 warrant close outpatient follow-up to monitor for recurrent aortic arch

obstruction and associated left ventricular dysfunction. Further
prospective studies of the coarctation of aorta index are needed to
validate it as a clinical tool in this patient population.

Limitations
Figure 1: Freedom from re-intervention.v
A binary logistic regression was performed to ascertain the ef-

This is an historical retrospective study with a relatively small

sample. The sample was limited to a single centre and patients aged
less than 14 years that had undergone surgical repair for CoA in the
last three decades; there is a possibility of selection bias.

fects of the above entered independent variable on the likelihood

Conclusion

There were no risk factors identified in the model.

isolated coarctation of the aorta in patients aged less than 14 years

that patients will need re-CoA intervention. Logistic regression

model was not statistically significant [χ (8) = 6.532, p = 0.558].
2

Discussion

The goal of our review of patients undergoing coarctation repair

at Prince Sultan Cardiac Centre (PSCC) was to determine the risk

In our cohort, the incidence of recoarctation within two years of

is 27.4%. We were unable to identify any risk factors for recoarctation, further larger prospective studies would be essential to identify possible risk factors of reoarctation in children with isolated
coarctation of aorta.

factors for recoarctation and the clinical characteristics and ana-
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