



Surgery for aortic coarctation and hypoplastic aortic arch
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Abstract:
	Objective: Overview of perioperative management and outcome of aortic coarctation, interrupted aortic arch and hypoplastic aortic arch patients.
Methods: Retrospective observational analysis of data of patients presented for surgical repair of coarctation of aorta, interrupted aortic arch and hypolastic aortic arch at Queen Alia Heart Institute (QAHI) in the period of time between 2017 and 2022. Patients’ demographic, clinical, perioperative characteristics were recorded and analysed. Patients are also compared regarding their aortic arch diameter and (z-scores), the presence (or absence) of other associated congenital heart defects, left ventricular function, type of surgical repair, postoperative complications, recurrence of coarctation and mortality.
Results: Data of 81 patients presented for surgical repair of coarctation of aorta and hypolastic aortic arch was retrieved. Patients’ age ranged from 4 days to 21 years. Most of the patients were neonates (37%) and infants (51%). Toddlers were (6.2%), preschool (1.2%), school age (2.5%) and adult patients presented only (1.2%).  The body weight of the patients ranged from 1.8 kg to 82 kg (mean weight 6.78 kg). Most of the patients were males (64.2%). Male to female ratio was 1.8:1.
The aortic arch diameter ranged from 1.8 to 16 mm with an average aortic arch diameter of 4.53 mm. The z-score of the arch diameter ranged from -9.57 to 0.12 with an average z-score of -5.123. 
Discreet coarctation was the most common pathology and was evident in 68 patients (84%), hypoplastic arch in 6 patients (7.4%) and Interrupted arch in 7 patients (8.6%). Most common modes of repair were with left subclavian flap (53.1%) and resection with end-to-end anastomosis (33.4%). Other less common techniques of repair were Dacron patch reconstruction (4.9%), advanced flap (2.47%), patch aortoplasty (2.47%), interposition graft (1.23%), pericardial patch (1.23%), and arch reconstruction with end to end anastomosis (1.23%). Re-coarctation (recurrence) occurred in 8 patients (9.88%). This was managed in the catheterisation laboratory with balloon coarctation angioplasty (BCA) in 7 patients and one patient was surgically re-operated. Other less frequent complications were chylothorax, bilateral lower limbs weakness, global moderate left ventricular impairment, lung collapse, hypertension, left pleural collection, need for other surgery for aortic stenosis, pneumonia and seizures. Mortality occurred in 5 patients (6.17%).
Conclusion: Coarctation of aorta is twice as common in males as in females. Majority of patients presenting for surgery are below one year of age. Most common surgical techniques used are left subclavian flap and resection with end-to-end anastomosis. Late recurrence occurred in less than one tenth of patients.
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1. INTRODUCTION

Coarctation literally means “a drawing together”. Coarctation of the aorta is a congenital cardiovascular anomaly characterized by a narrowing of the aortic lumen, typically located just distal to the origin of the left subclavian artery at the site of the ductus arteriosus. [1] 
The anatomist Morgagni described CoA of the aorta in 1760. Coarctation of the thoracic aorta was first resected successfully in 1944. [3] Although resection with end to end anastomosis has remained the most common method of repair; additional operations have been developed to encompass the anatomic variations of coarctation. The objective of all procedures is permanent relief of any gradient across the coarctation and establishment of normal, pulsatile flow to the lower body. [4] Coarctation of the aorta  refers  to  the  narrowing  of  aortic lumen,  with  severity  ranging  from  mild posterior shelf wall thickening or infolding to complete aortic luminal atresia. This differs from interrupted aortic arch, which involves a true discontinuity of the aortic wall. [5] Aortic coarctation comprises 5–8% of congenital heart disease (CHD) cases; with an incidence of 4/10,000 live births. [6] It has a male preponderance and is frequently associated with other cardiac anomalies such as bicuspid aortic valve, the transposition of the great arteries, ventricular septal defects, patent ductus arteriosus, aortic stenosis, hypoplastic aortic arch and other. [7] Coarctation of the aorta (CoA) is a potentially life-threatening congenital and obstructive anomaly of the distal aortic arch. [8] Without treatment, the outcome for patients with coarctation of aorta is poor. Untreated aortic coarctation is associated with a mean age of death of 34 years and 75% mortality by age 43 years. Death was from congestive heart failure, aortic dissection or rupture, endocarditis, and intracranial bleeding. [9]
 Major surgical complications of repair of aortic coarctation are recurrent or residual aortic coarctation, post-repair aneurysm formation, and persistent hypertension after repair, and spinal cord ischemia with lower limb weakness. [10] Patients with recurrent (re-coarctation) after surgical repair can be treated with catheter balloon aortoplasty with or without stent placement or with redo surgery. [11]

2. material and methods 

This is a retrospective observational analysis of data of patients presented for surgical repair of coarctation of aorta, hypolastic aortic arch and interrupted aortic arch at Queen Alia Heart Institute (QAHI) in the period of time between 2017 and 2022. Patients’ demographic, clinical, perioperative characteristics were recorded and analysed. Patients are also compared regarding their aortic arch diameter and (z-scores), the presence (or absence) of other associated congenital heart defects, left ventricular function, type of surgical repair, postoperative complications, recurrence of coarctation and mortality. Patients were operated for isolated coarctation with left thoracotomy without cardiopulmonary bypass (CPB), while patients with interrupted aortic arch and hypoplasic aortic arch had mid-sternotomy with the use of CPB. All patients had general anaesthesia with advanced haemodynamic monitoring. Both femoral arterial and right radial arterial pressures were monitored and compared before and after aortic repair. [Images 1, 2 and 3]

Image 1: Right Radial artery cannulation in neonate.
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Image 2: Simultaneous display of femoral and right radial artery (before repair of aortic coarctation)
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Image 3: Simultaneous display of femoral and right radial artery (after repair of aortic coarctation)
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3. results and discussion

81 patients presented for surgical repair of coarctation of aorta, interrupted aortic arch and hypolastic aortic arch. (Table 1) Patients’ age ranged from 4 days to 21 years. Most of the patients were neonates (37%) and infants (51%). Toddlers were (6.2%), preschool (1.2%), school age (2.5%) and adult patients presented only (1.2%). (Figure 1) Male to female ratio was 1.8:1.
Discreet coarctation was the most common pathology and was evident in 68 patients (84%), hypoplastic arch in 6 patients (7.4%) and Interrupted arch in 7 patients (8.6%). (Table 1)

Figure 1: Age at presentation for surgery:
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Table 1: Demographic and clinical characteristics:
	
	Number of patients
	Percentage 

	Neonates
	30
	37.04%

	Infants
	41
	50.62%

	Toddlers
	5
	6.17%

	Preschool age
	1
	1.23%

	School age
	2
	2.47%

	Adults
	1
	1.23%

	Males
	52
	64.2%

	Females
	29
	35.8%

	AORTIC PATHOLOGY:

	Discreet coarctation
	68
	83.95%

	Hypoplastic aortic arch
	6
	7.41%

	Interrupted aortic arch
	7
	8.64%

	ASSOCIATED CARDIAC PATHOLOGY:

	Normal left ventricular function
	69
	85.2%

	Left ventricular impairment
	12
	14.8%

	Patent ductus arteriosus
	33
	40.7%

	Ventricular septal defect
	24
	29.6%

	Bicuspid aortic valve
	7
	8.6 %

	OTHER PROCEDURES PERFORMED WITH THE REPAIR OF AORTIC COACTATION:

	Ligation of patent ductus arteriosus
	58
	71.6%

	Pulmonary artery banding
	18
	22.23%

	Right ventricular outflow tract repair
	2
	2.47%



 The body weight of the patients ranged from 1.8 kg to 82 kg (mean weight 6.78 kg). Most of the patients were males (64.2%). The aortic arch diameter ranged from 1.8 to 16 mm with an average aortic arch diameter of 4.53 mm. The z-score of the arch diameter ranged from -9.57 to 0.12 with an average z-score of -5.123. (Table 2)

Table 2: Aortic arch diameter:
	
	Minimum
	Maximum
	Mean

	Body weight
	1.8 kg
	82 kg
	6.78 kg

	Aortic arch diameter
	1.8 mm
	16 mm
	4.53 mm

	z-score of arch diameter
	-9.57
	1.2
	-5.123



Most common modes of repair were with left subclavian flap (53.1%) and resection with end-to-end anastomosis (33.4%). Other less common techniques of repair were Dacron patch reconstruction (4.9%), advanced flap (2.47%), patch aortoplasty (2.47%), interposition graft (1.23%), and pericardial patch (1.23%), arch reconstruction with end to end anastomosis (1.23%). (Table 3)






Table 3: Surgical technique of aortic repair:
	
	Number of patients
	Percentage

	Left subclavian flap
	43
	53.1%

	End to end anastomosis 
	27
	33.4%

	Dacron patch reconstruction 
	4
	4.9%

	Advanced flap
	2
	2.47%

	Patch aortoplasty 
	2
	2.47%

	Interposition graft 
	1
	1.23%

	Pericardial patch 
	1
	1.23%

	Reconstruction and end to end anastomosis 
	1
	1.23%

	Total
	81
	100%



Re-coarctation (recurrence) occurred in	8 patients (9.88%). This was managed in the catheterisation laboratory with balloon coarctation angioplasty (BCA) in 7 patients and one patient was surgically re-operated. Other less frequent complications were chylothorax, bilateral lower limbs weakness, global moderate left ventricular ( L.V.) impairment, lung collapse, hypertension, left pleural collection, need for other surgery for aortic stenosis, pneumonia and seizures. Mortality occurred in 5 patients (6.17%). (Table 4)

Table 4: Post-operative complications:
	
	
	

	Re-coarctation (Recurrence) 
	8
	9.88%

	Chylothorax
	2
	2.47%

	Bilateral lower limbs weakness
	1
	1.23%

	Global moderate L.V. impairment
	1
	1.23%

	Lung collapse
	1
	1.23%

	Hypertension
	1
	1.23%

	Left pleural collection
	1
	1.23%

	Need for other surgery for aortic stenosis
	1
	1.23%

	Pneumonia
	1
	1.23%

	Seizures
	1
	1.23%

	Mortality
	5
	6.17%



Coarctation of the aorta (CoA) is a relatively common defect that accounts for 5-8% of all congenital heart defects. [12] The exact cause of coarctation of the aorta is unknown. [13) Several theories have been proposed for the explanation of the aetiology of coarctation of the aorta, including postnatal constriction of the ductus arteriosus, translocation of ductal tissue onto the aorta, and the haemodynamic theory. [14] The haemodynamic theory states that alterations in intrauterine blood flow cause altered flow through the aortic arch and reduced volume of blood flow through the foetal aortic arch and isthmus. [15] Aortic coarctation can occur in isolation or in combination with other cardiac anomalies. [17] In our survey aortic coarctation was associated with ventricular septal defect (VSD) in 29.6%, a patent ductus arteriosus (PDA) in 40.7% and bicuspid aortic valve (BAV) in 8.6 %.
This study is a comprehensive five year review of congenital aortic coarctation, hypoplastic and interrupted aortic arch in specialised cardiac centre. The majority of patients (87%) presented for surgery are less than one year old. Our results showed male to female predominance of 1.8:1. This is similar to many literature reports. [18, 19]This ratio varied from 1.7:1 in some reports to 4:1 in other published studies.[20, 21] All the patients in our study had a Computed Tomography Angiography (CTA) for confirmation of the diagnosis. Computed tomographic angiography (CTA) and echocardiography are used preoperatively in coarctation of the aorta to define arch hypoplasia and great vessel branching. [22]
All patients had general anaesthesia with endotracheal intubation (usually nasal) with standard monitoring according to AAGBI (Association of Anaesthetists of Great Britain and Ireland), in addition to central venous catheterisation (usually internal jugular) and arterial line. Our arterial haemodynamic monitoring technique involves cannulation of the femoral artery and the right radial artery with simultaneous display of both pressures. This has several benefits as it allows calculation of pressure gradient pre-operatively and serves to show the adequacy of the post-operative repair. [23] The right radial arterial cannulation and direct blood measurement also allows monitoring and management of blood pressure during the repair when the aorta is clamped and pressure trace disappears from the femoral artery. [24] Although the right radial artery cannulation might be challenging in low weight neonates due to the small size of the artery; its value cannot be overemphasized as all patients will have assessment of the adequacy of repair while still in the operative theatre. [25, 26]
After the first successful repair of aortic coarctation in 1944 by Crafoord and colleagues in Sweden, several operative techniques have been employed. [27] In infants with aortic coarctation; resection with direct end-to-end anastomosis or subclavian flap arterioplasty are the most commonly used techniques due to more favourable anatomic conditions. Subclavian flap arterioplasty and patch graft aortoplasty have been developed as an alternative to resection and direct end-to-end anastomosis in which more than one-half of patients experience recurrence. [28] Great attention should be paid to the aortic clamp time. [29] Murakami et al. reported mean aortic cross-clamping time of 18 ± 4 minutes in a study on 72 patients. [30] Bacha et al. reported median clamp time of 15.5 minutes in in infants weighing less than 2 kg. [31] In general; the maximum accepted aortic clamp time is around 20 minutes.
The most commonly used surgical techniques in our centre during the five years of this survey are subclavian flap (53.1%) and end-to-end anastomosis (33.4%).  Other techniques of repair included Dacron patch reconstruction, advanced flap, patch aortoplasty, interposition graft, pericardial patch and aortic reconstruction with end to end anastomosis. Complications were mainly recurrence (re-coarctation) in 9.88% and less commonly chylothorax, lung collapse, hypertension, left pleural collection, need for other surgery for aortic stenosis, pneumonia, bilateral lower limbs weakness, global moderate L.V. impairment and seizures.
Recurrence of aortic coarctation (re-coarctation) occurred in eight patients in this survey (9.88%). This was managed with balloon aortic angioplasty with or without stenting of the coarctation segment in seven patients. Only one patient needed re-operation (1.23%). 
4. Conclusion

Aortic coarctation was twice as common in males as in females. Majority of patients presenting for surgical repair of aortic coarctation are neonates and infants. Subclavian flap and resection with end-to-end anastomosis are the most used surgical techniques. Late recurrence occurred in less than one in ten patients and was managed by balloon angioplasty.
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