
CEREBRAL PROTECTION 

IN AORTIC ARCH SURGERY 

Paolo Spath MD

University of Bologna

S.Orsola-Malpighi, Bologna, Italy

Vascular Surgery



Background

Vascular Surgery - University of Bologna

Aortic Arch Pathologies
 Arch Aneurysm

 Acute/Chronic Dissection

 Penetrating Aortic Ulcer
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Preventive:

Type A Acute Dissection

Aneurysmal Rupture

Death 



Treatment
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Indication for treatment:

 ≥ 55 mm

Symptomatic Patients / Signs of Compression

Rapid Growth (≥ 0.5 cm per year)

LOW risk patients



SURGICAL TREATMENT

PARTIAL REPLACEMENT COMPLETE REPLACEMENT
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SURGICAL TREATMENT

4.7 – 6.0% RISK OF INTRA-OPERATIVE STROKE 

 Inadequate Cerebral Protection

Embolism 

Pre-operative malperfusion (TAAD)
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CEREBRAL PROTECTION

METHODS OF CEREBRAL PROTECTION: 

 Deep Hypothermic Circulatory Arrest (DHCA)

Retrograde Cerebral Perfusion (RCP) 

Antegrade Selective Cerebral Perfusion (ASCP)
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CEREBRAL PROTECTION

 Deep Hypothermic Circulatory Arrest (DHCA)

Reducing brain activity and energy consumption: 

SAFE PERIOD OF TOTAL CIRCULATORY ARREST

18°C
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CEREBRAL PROTECTION

 Deep Hypothermic Circulatory Arrest (DHCA)

SAFE PERIODS

- 5 MINUTES at NORMOTHERMIA 

- 25 MINUTES at 18°C

Reducing brain activity and energy consumption: 

SAFE PERIOD OF TOTAL CIRCULATORY ARREST

18°C



CEREBRAL PROTECTION

 Deep Hypothermic Circulatory Arrest (DHCA)
UN- SAFE PERIODS at 18°C

- 40 MINUTES: Permanent Neurological Injuries

- 60 MINUTES: Mortality

 LIMITED SAFE TIME OF CIRCULATORY ARREST
 PROLONGED CARDIO-PULMONARY BYPASS TIME 
 COAGULATION AND INFLAMMATORY DISORDERS

18°C

 NO BRACHIOCEFALIC AND SAV MANIPULATION
 TOTAL CIRCULATORY ARREST
 OPEN BLOODLESS PROCEDURE 
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CEREBRAL PROTECTION

 Deep Hypothermic Circulatory Arrest (DHCA)

OVERALL RESULTS: 

- 2.9% OPERATIVE MORTALITY 

- 2% STROKE RATE
18°C

RARELY USED AS SINGLE METHOD

ACUTE PRESENTATION
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CEREBRAL PROTECTION

 Retrograde Cerebral Perfusion (RCP)

HYPOTHERMIC OXYGENATED BLOOD 
PERFUSING BRAIN RETROGRADELY 
VIA SUPERIOR VENA CAVA 

DEOXYGENATED BLOOD 
RETURNING VIA CAROTIDS 
TO AORTIC ARCH

VEIN PRESSURE
- 20 mmHg
- 100 – 500 mL/min
- 16-18°C



CEREBRAL PROTECTION

 Retrograde Cerebral Perfusion (RCP)
 CONTINUOUS METABOLIC SUPPORT 

 HOMOGENEOUS COOLING OF THE BRAIN 

 POSSIBILITY OF DEBRIS FLUSHING

 INHOMOGENEOUS DISTRIBUTION OF BLOOD FLOW

 CEREBRAL EDEMA

ADJUCTIVE ROLE FOR BRAIN PROTECTION DURING DHCA



CEREBRAL PROTECTION

 Antegrade Selective Cerebral Perfusion (ASCP)

ANN THOR SURG 1992

1. Cardio-Pulmonary Bypass

2. Moderate Hypothermia (22-25°C)

3. Cannulation of IA/RAxA and LCCA



CEREBRAL PROTECTION

 Antegrade Selective Cerebral Perfusion (ASCP)

RATE OF PERFUSION: 

 Radial Arterial Pressure 40 mmHg

Total Blood Flow rate 10mL/Kg/min
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CEREBRAL PROTECTION

 Antegrade Selective Cerebral Perfusion (ASCP)

UNILATERAL vs BILATERAL ASCP ? 

 2/3 BILATERAL (RAxA + LCCA)
LONGER PROCEDURES 86-134 MINUTES

1/3 UNILATERAL (RAxA or IA)
SHORTER PROCEDURES 32 MINUTES



CEREBRAL PROTECTION

 Antegrade Selective Cerebral Perfusion (ASCP)
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 PHYSIOLOGICAL CEREBRAL PROTECTION

 COMPLEX AORTIC ARCH RESECTION 

 MODERATE HYPOTHERMIA

 MANIPULATION OF SUPRA-AORTIC-VESSELS

 TECHNICALLY DEMANDING

CHOICE PROCEDURE FOR CHRONIC AND ACUTE SETTING
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CEREBRAL PROTECTION

 Deep Hypothermic Circulatory Arrest (DHCA)

 Retrograde Cerebral Perfusion (RCP) 

 Antegrade Selective Cerebral Perfusion (ASCP)

RESULTS 30-day MORTALITY 

5.2%

5.2%
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CEREBRAL PROTECTION
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 Antegrade Selective Cerebral Perfusion (ASCP)

RESULTS TRANSIENT NEUROLOGIC 
DYSFUNCTION 

8.7%

7.5%
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CEREBRAL MONITORING
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CEREBRAL MONITORING
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HYBRID ARCH REPAIR
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Indication for treatment:

HIGH risk patients ???

 NO Treatment

Hybrid Arch Repairs

Total Endovascular Aortic Arch Repair



TOTAL ENDOVASCULAR ARCH REPAIR
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Chimney Grafts

Custom-Made Scalloped Grafts

Custom-Made Fenestrated Devices 

Custom-Made Inner Branched Device

 In-situ fenestration

SUPRA-AORTIC VESSELS

DEBRANCHING 

TECHNIQUES
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CEREBRAL PROTECTION 

IN AORTIC ARCH SURGERY 

ENDOVASCULAR SURGERY

N e x t  p r e s e n t a t i o n  . . .  ?   
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Thank You. See You in Bologna ….


