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Derivatives of Aortic Arches





Third Pair
• Proximal part: 

– Forms the common carotid arteries

• Distal part:

– Joins the dorsal aorta to form the internal 

carotid arteries



The fate of 4 & 6th pairs of aortic arches 

differs on the right and left side 



Fourth Pair
• Right: 

– Becomes the proximal part of the right subclavian artery

• Left:

– Forms of the aortic arch



Sixth Pair
• RIGHT:

• Proximal part: persists as the 
proximal part of the right 
pulmonary artery

• Distal part: degenerates

• LEFT:

• Proximal part: persists as the 
proximal part of the left 
pulmonary artery

• Distal part: forms ductus
arteriosus, a shunt between 
pulmonary artery and dorsal 
aorta



Arch of Aorta

Derived as: 

• Proximal segment

from aortic sac

• Middle segment

from the left 4th aortic       

arch

• Distal segment

from the left dorsal aorta



Development continued
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Coarctation of aorta



Coarctation of Aorta

• Definition

– Congenital narrowing of upper descending 

thoracic aorta adjacent to the site of attachment of 

ductus arteriosus

• Abnormal development of left 4th and 6th

aortic arches

• 4~8% of CHD, Male dominant

• 30~35%, Turner syndrome



• 50~80%, Bicuspid aortic valve

• VSD

– Posterior malalignment of conal septum

• LVOTO, Subaortic stenosis, AS, MS, 

• TGA, DORV, UVH



Clinical features

• Infancy

– Heart Failure

• Mostly < 3 months of life

• A significant number < 1st week of life

– Circulatory collapse

• Ductal closure: ↓in lower body perfusion

• Falling PVR: preferential flow of blood to the 

pulmonary circulation

• Development of acidosis and shock



Clinical features

• Childhood

– Asymptomatic 

– HTN (90%), Cardiomegaly (30%), Rib notching 

(15%)

• Adolescence and adult

– HTN

– Vascular heart disease

– HF at 30 years of age



• Simple or isolated CoA

• Complex CoA, CoA with VSD, DORV, TGA

• Shone Complex



• Simple or Isolated CoA
– LVH, CHF

– Weak femoral pulse

– Collateral vessels

– HTN d/t Renin-angiotensin system abnormality

– Claudication

– Headache

– Hypertensive encephalopathy

– Rupture of aneurysm of cerebral vessel, 

– Dissection

– Infective endocarditis. Related with bicuspid aortic 
valve



• Complex CoA

– CHF d/t LR shunt lesion

– Severe Pul. HTN

– AKI, NEC

• Tx

– PGE1

– Diuretics, DGX d/t CHF

– Ventilator

• O2 (x) ,   PaCO2 : 40~50mmHg



Classification

• Preductal type

– Less common

– The narrowing is proximal to the DA

– If severe, blood flow to the aorta distal to the 

narrowing depends on a PDA



• Postductal type
– Most common, Adult type

– Distal to the DA

– Ductus usually remains open to communicate PA with DAo.

– Blood flow to the lower body can be impaired with open 
DA

– Collateral circulation

– Hypertension in the upper ext. 

and weak pulses in the lower ext.

But, mostly the constriction lies 

distal to the origin of subclavian artery 

opposite the DA (Juxtaductal)



Etiology

• Ductus Tissue Theory

– Due to a migration of ductus smooth muscle 

cells into the periductal aorta with subsequent 

constriction and narrowing of the aortic lumen

• Hemodynamic Theory

– Reduced intrauterine blood flow causes 

underdevelopment of aortic arch

– Results from reduced volume of blood flow 

through the fetal aortic arch and isthmus
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Morphologic Spectrum
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Localized
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3 Components of Aortic Arch



Aortic arch Hypoplasia

• Arch/Aao diameter < 50%

• Arch < Bwt. +1 kg

• Z-score < -2





Descending thoracic aorta

Descending thoracic aorta

Abdominal aorta

Abdominal aorta



Indications for operation

• Reduction of luminal diameter greater than 

50% at any age

• Upper body hypertension over 150 mmHg in 

young infant (not in HF)

• CoA with CHF at any age

• BP difference > 20 mmHg

• Increase of BP difference at exercise



Surgical methods

• Resection with end to end anastomosis

– End to end

– Extended end to end

– End to side

• Extended repair: proximal to 1st branch

• Patch aortoplasty

• Left SCA patch aortoplasty

• Bypass grafts between ascending aorta and 
descending aorta



CoA
Exposure



CoA  Patch Augmentation



CoA  Subclavian Artery Flap



CoA   End-to-End Anastomosis



CoA   Extended end-to-end Anastomosis



CoA   End-to-side Anastomosis



CoA   End-to-side Anastomosis

C. Lim et al EJCTS 2003



Surgical Consideration
- DHCA vs. regional perfusion

DHCA SCP

Advantage

Clear operation field

More accurate correction esp. in 

small babies

Potentially neuroprotective

Disadvantage

Poor neurodevelopmental outcome

→ Safe duration of circulatory 

arrest ???

Crowded operative field

Technically demanding

Lack of randomized trial

Optimal perfusion flow ??

Optimal perfusion pressure??

Is it really neuroprotective??



Brain protection during arch surgery

• Boston Circulatory Arrest Trial

• 4 year enrollment period up to 1992

• 171 TGA < 3 monthd of age, IVS/VSD

• DHCA (mean 55 min) vs low-flow bypass (50 cc/kg/min)

• Clinical Seizure 12%, seizure by EEG 26%

• No seizure in the patient < 35min

• Strong correlation between duration of 

DHCA and occurrence of seizure

• Greater release of creatine kinase BB

• Longer recovery to first EEG activity

NEJM 1995;332:549-55



Brain protection during arch surgery







Brain protection during arch surgery

Rectal temperature: 22℃
Flow rate: 50mL/Kg/min

Right radial a. pr: 28 mmHg

Lt. sup temporal a. pr: 20mmHg

Neonate brain: 1/7~1/10 of Bwt.

Adult: 1/15 of Bwt.



Brain protection during arch surgery

Ann Thorac Surg 2006:82:2233-9



Brain protection during arch surgery

EJCTS 2015;48:e45-50

Selective anterograde cerebral perfusion has 

lower risk of neurological complications and 

higher incidence of renal complications.



Brain protection during arch surgery



Brain protection during arch surgery

Circulation 2014;129:224-33

• MRI: Preop and 1 wk after operation

• Preop: 50% had evidence of cerebral injury

• No difference in DHCA and ACP groups

• 78% of DHCA and 72% of ACP group had new injury

• White matter injury : m/c type in both groups

• Early motor and cognitive outcome at 2 year were similar

• Central infarction occurred exclusively after ACP

Nasopharyngeal Temp: 18℃, Hct: 24~28%, 25% of full flow, <40mmHg



Selective Cerebral perfusion

• 50~100 ml/kg/min

• Right arm a-line monitoring

• Transcranial Doppler

• Cerebral oximeter

• Lactic acid

• ± myocardial perfusion
JG Kwak et al. Eur J Cardio Thorac Surg 2007;32:751-5



Neurologic Monitoring

Near infrared spectroscopy

prolonged periods of low cerebral O2 sat (<45%) have higher 

incidence of PVL and poor neurological outcome

Transcranial Doppler

EEG



Alkalosis and hypocarbia should be avoided

Near infrared spectroscopy monitoring is useful



Special features of postoperative care

• Systemic arterial HTN

– Usually

• Abdominal pain

– 5~10%

– Mild abdominal discomfort for a few days

– Increase in blood flow and pressure in the mesenteric 
arteries 

– Delay feeds, control blood pressure, nasogastic
decompression

• Chylothorax

– 5%



Postoperative hypertension

• Altered baroreceptor response with increased 

excretion of epinephrine or norepinephrine

• Sympathetic nervous system in early phase 

(24~36hr after operation), and renin-

angiotensin system in late phase

• Beta blocker & Nitroglycerin, Nitroprusside



Postoperative Complications

• Hoarseness

• Ipsilateral diaphragm paralysis

• Chylothorax

• Vessel injury & bleeding

• Rebound HTN

• Post-coarctectomy syndrome

• Left main bronchus compression

• Paralysis due to spinal cord ischemia



Left main bronchus compression!!



To avoid airway problem

• Extensive dissection arch vessels and 

descending aorta

• Arch repair using autologous MPA patch





Lee et al. ATS 2016



Airway problem management

• Aortopexy

• RPA anterior translocation





















• Paraplegia, 0.1~1%

– Related to
• Prolonged distal clamp time

• Low distal aortic pressure

– Related to collateral vs.

– Dramatic drop in the distal arterial pressure with the test clamp

– Anomalous origin of SCA 

• Intraoperative hyperthermia

• Hypotension/ Acidosis

– To avoid
• Reducing clamp time

• Local hypothermia

• Hypertension

• Somatosensory potential (SEP)

Backer et al. ATS 2006;82:964-72



Long term complications

• Re-stenosis
– Influenced by presence of residual ductal tissue 

within the aorta

• HTN
– More likely in repair at a later age

• Aortic aneurysm 
– Higher in onlay patch technique

• Bacterial endocarditis 

• Neurologic abnormalities
– Completeness of the circle of Willis



Long term complications

Normal GothicCrenel



Bruse et al. JTCS 2017







Prevention of recoarctation

• Ideal operative procedure
– Successfully address transverse arch hypoplasia (if 

present)

– Resection of all ductal tissue

– Prevention of residual circumferential scarring at the 
aortic anastomosis site

– Tension free anastomosis

• Factors
– Younger age at operation

– Presence of aortic arch hypoplasia remain risk factors 
for recoarctation



Pseudocoarctation

• Kink at insertion site of ligamentum

arteriosum

• Minimal gradient across deformity







Interrupted aortic arch



Interrupted Aortic Arch

• A complete luminal & anatomic discontinuity 

between the two segments of the aortic arch

• Type

(40%) (5%)(55%)



Pathophysiology of IAA
• Distal blood flow is dependent on a patent ductus

arteriosus.

• Spontaneous ductal closure results in systemic 

hypoperfusion, metabolic acidosis, and end-organ 

failure 

• Satupper ext. > Satlower ext.

• Critically ill neonate in severe CHF

• Severe pulmonary HTN in patients with VSD, ASD



• Commonly combined with LVOTO, bicuspid AV

• LVOTO
– Posterior deviation of infundibular septum or outlet septum

– Prominent anterolateral muscle (Between LCC and anterior 
leaflet of MV, muscle of Moulaert) 

• VSD : 70%

• Truncus arteriosus: 10%. 

• TGA, DORV 4~5%

• AP window 3%

• 1/3 of DiGeorge syndrome, mainly type B

• Berry syndrome



Berry Syndrome

• Interrupted aortic arch

• Distal aortopulmonoary septal defect

• RPA from ascending aorta

• Intact ventricular septum



Anatomic Variants



Medical treatment

• PGE1

• CHF management

• Consider mechanical ventilator Tx.

– PaCO2 40~50 mmHg

• iCa level check



Surgical Treatment

• Indication

– Urgent operation is advisable

• Technique

– Direct anastomosis

• Resection and end to end anastomosis

• Extended resection and end to end anastomosis

– Interposition of graft

• One stage repair



IAA Type B  Operative Procedure



Operative results

• Mortality

– Early death

• Acute or subacute HF with or without multisystem 

failure

• One stage reapir: Under 10%

• IAA repair & second repair : 12~47% 

– Late death

• Survival 

– Good



• Incremental risk factors for premature death

– Coexisting cardiac anomalies

– Location of interruption

– Preoperative Condition

– Earlier date of operation



Operative results

• Morbidity

– Early period

• Recurrent laryngeal n or phrenic n injury

• Left main bronchus compression

• Paraplegia

– Late Period

• Restenosis

• Development of subaortic stenosis


