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Recent advances

• Surgery of the aortic root
• Surgery of the aortic arch 
• Surgery for aortic dissections
• Cerebral protection during arch surgery
• Genetic aortopathies



SURGERY OF THE AORTIC 
ROOT



Components of the aortic root
Aortic valve annulus
Valve leaflets
Sinuses of Valsalva
Sinotubular junction



Pathology
Degenerative aortic root aneurysm
Connective tissue disorders
Marfans/ Loeys Dietz/ Ehlers Danlos IV
Arteritis
Type A aortic dissection

















Why valve sparing operation
Mechanical valve have need for lifelong 

anticoagulation with anticoagulation related 
complication 0.5-1%/ year

Tissue valve replacement in young patients 
have an early failure rate



Indications
Aortic root aneurysms without valve pathology
Aortic root aneurysms

• With trileaflet valve: > 55 mm
• Marfan’s / Bicuspid valve: > 45 mm
• Loeys-Dietz’s syndrome: > 40 mm

Growth of > 0.5 cm/ year



Valve sparing aortic root replacement



Annals of Cardiothoracic Surgery : Tirone David, January 2013





• 30 yr old female 
• Strong family history of aortic complications 

from Marfan’s syndrome
• Serial CT scan showed enlargement to 5 cm 

at the aortic root
• Active, no symptoms
• One child with no peripartum complications



















SURGERY OF THE AORTIC 
ARCH



Aortic arch aneurysm

• 65 yr old male with upper chest 
discomfort

• No history of aortic syndromes
• 6.5 cm aortic arch at the level of left 

carotid
• Active





Patient 2

• 51 yr old
• Severe chest pain while moving 

furniture
• BP 170/90





Patient 3

• 82 yr old gentleman
• Active
• Syncopal spell
• Stable hemodynamics













Options for Arch replacement

































Surgical Background
In 1992, Dr Crawford 

projecting trends from 
1975, that we could achieve 
a 3% mortality for 
uncomplicated ascending 
aortic replacement

• Crawford et al, JTCVS  
1992

IRAD data from 12 specialized 
aortic centers, note a 26 ±
3 % acute mortality

• Hagan et al, JAMA 2000





Acute Aortic Dissection
Priorities of Surgical management

• Live Patient !
• Stable aortic root
• Competent aortic valve
• Normal coronary perfusion
• Resection of arch tear 
• Single lumen descending thoracic aorta



Cannulation Techniques

Femoral artery
Rt subclavian artery
Innominate artery
Lt carotid artery
Direct aortic cannulation 

(Seldinger technique)
Transapical LV



Acute Type A Aortic Dissection
Management of the Proximal 

anastomosis
Assess:

• Condition of the patient
• Proximal extent 
• Size of the aortic sinuses
• Integrity of the aortic valve
• Location and integrity of the 

coronary ostia



Acute Type A Aortic Dissection
Options for proximal 
reconstruction

• Reconstruct the proximal root 
( felt/ glue the affected layers)

• Resuspend or replace aortic valve
• Composite valve graft

• Yacoub aortic reconstruction
• David aortic reconstruction



Acute Type A Aortic Dissection

Supracommisural tube 
placement



Acute Type A Aortic Dissection

Root reconstruction w/ felt/ 
pericardium sandwich ±
bioglue



Acute Type A Aortic Dissection

Valve replacement with 
supracommisural tube

Composite valve graft



Acute Type A Aortic Dissection
Composite valve graft



Acute Type A Aortic Dissection

Valve sparing root 
replacement



Acute Type A Aortic Dissection
Does a more distal radical 
reconstruction improve 
survival?

• Distal clamp
• Open distal
• Open hemiarch
• Total arch
• Total arch with elephant 

trunk



















Brain

• 1400g  (5 % body weight)
• 20% total body oxygen consumption

»40% Cellular
»60% Transmission Nerve 

Impulses



Neuro-cognitive Events  
• Focal Cerebral Vascular Events (Stroke)

• Embolic Events 





Global cerebral necrosis

• Minimum O2 vs Cerebral Metabolic 
Requirements 

• Ischemia depletes ATP
• Failure basic cellular Ionic pumps
• Influx Na Cl
• Calcium accumulation 



Excessive neuronal stimulation 
(excitotoxicity)

• Excitatory amino acids (glutamate) –
Accelerates neuronal death 



Selective vulnerability

• Hippocampus
• Cerebellum 
• Striatum 
• Amygdala
• Lateral Thalamic Nucleus
• 3rd-5th Layer Neocortex
• Clinically Improve, but Neuronal Death 

Continues Up to 1 Week.  



Mechanisms of Cerebral Protection  

• Deep Hypothermic Circulatory Arrest  (DHCA)

• Retrograde Cerebral Perfusion (RCP)

• Selective Antegrade Cerebral  Perfusion (SACP)



Antegrade selective cerebral perfusion: 
historical notes 

Roberto Di Bartolomeo et al. MMCTS 
2011;2011:mmcts.2010.004457



Define – hypothermia 

• Mild - 30°- 34°C

• Moderate - 23°- 29°C

• Deep - 13° - 22° C



PH Management 

ALPHA -STAT
(Normal PH and PaCO2 )
PH of 7.4 and PaCO2 of 40 mm Hg in 37°

blood alkaline and hypocapnic

PH -STAT 
Maintain a PH of 7.40 and PaCO2 of 40 mm Hg under 
hypothermic conditions 
when warmed, blood becomes acidotic and hypercapnic



Glycemic control 

• Hyperglycemia results in anaerobic conversion 
glucose to lactate resulting in acidosis

• Hyperglycemia releases excitatory amino acids 
with  negative neurologic effects 



Hematocrit monitoring 

• Hemodilution decreases the oxygen 
carrying capacity  of the perfusate 

• Optimal Hematocrit level of 30%



Pharmacologic adjustments 

• Barbituates 
• Thiopentone Studies 
• Thiopental 15- 30 mg/kg
• Negative Inotropes
• Benefit  Unknown



Volatile anesthetics 

Halothane – Isoflurane 
• Provide protection via inhibition of excitotoxicity 
• Depression of metabolism 
• Improvement of cerebral oxygenation 
• Inhibits glutamate release 
• Can provide an isoelectric EEG



Corticosteroids

• High dose reduce cytokines and TNF –
alpha and seems beneficial to 

• Improve cerebral oxygen metabolism ?
• Recovery of cerebral blood flow after 

DHCA   



Patient Monitoring 
• EEG – Electroencephalographic
• BIS – Bispectral Index Monitor – 0 (flat line ) to 100 

awake
• SSEP – Somatosensory evoked potentials – Median 

Nerve  
– Not significantly  Influenced by Anesthetics
– Can be nearly 100% in determining early 

neurological events 
• Jugular Venous bulb Saturation 

• SvO2 > 95%  
• Associated with lower central temperature but not 

with better outcome 



Rewarming
• Begin slowly 

• “Cold blood, low -pressure reperfusion”

• Vulnerable period 6-8 hours after initiation of 
rewarming



Advantages of DHCA

• Dry and motionless field

• Avoidance of clamping and manipulation of the 
aorta 

• Simplicity and no need for additional perfusion 
equipment 



Disadvantages of DHCA 
• Limited time of circulatory arrest

• Prolonged CPB time to cool down and rewarm   
increases pulmonary renal cardiac and 
endothelial dysfunction 

• Reperfusion Injury 

• Coagulopathy



Retrograde cerebral perfusion 
(RCP)

• Once circulatory arrest initiated then retrograde 
cold, oxygenated blood into superior vena cave 

• above or below azygous?

• Flow 100-500 ml/min

• Adjust to keep central venous pressure 15-25 
mm/Hg



RCP Neuro-protective 
mechanisms 

• Maintain cerebral hypothermia 

• Washout of embolic air and debris

• Cerebral Perfusion and Metabolic 
Support? 



However….

• Provides only 20-60 % of overall 
intracranial flow as compared  to 
hypothermic bypass

• Relationship of use of RCP and neurologic 
outcome is unclear



Selective cerebral perfusion (SCP)

• Kazui – 1989 described perfusion through 
both innominate and left carotid arteries 

• Has become popular for cerebral protection 
for complex arch reconstructions

• Most often the right axillary artery is directly 
cannulated or 8 mm graft 

• Intraclavicular or deltopectoral groove 
incision 





SACP
• Right axillary flow 10-20 ml kg/min
• Pressure adjusted to 40 – 50 mm/Hg
• Temperature perfusate,  18ºC
• To cannulate left carotid artery or not ?  



Advantages of SACP

• Circulatory arrest times can extend to 90 minutes ?

• Moderate (nasopharyngeal 25°C) temperatures 
with reduced coagulopathy and systems 
complications (renal failure)



Disadvantages of SACP

• Technical Complexity

• Reduced Surgical Visibility

• Increased manipulation of the aortic and arch 
vessels 



What to do… 

• Lots of experimental data but few 
prospective , randomized trials 

• Very difficult to compare trials because of 
variations of techniques between and 
within various trials



There are known, knowns . 
These are things that we know. 

There are known unknowns. 
That is to say, there are things we know     

we don’t know. 
But there are also unknown unknowns. 

There are things we don’t know we don’t 
know.

Donald Rumsfeld



Genetic aortic syndromes

• Marfan syndrome(MFS)
• Loeys – Dietz syndrome (LDS)
• Shprintzen – Goldberg syndrome (SGS)
• Aneurysms-osteoarthritis syndrome 

(AOS) 
• Syndromic TAA (sTAA) 



Marfan Syndrome(MFS)

• Marfan syndrome
– relatively common connective tissue 
– involves  eyes, cardiovascular and 

musculoskeletal systems 
• Mutations in fibrillin-1 
• Autosomal dominant
• Professor Antoine Bernard-Jean Marfan

– described a 5 year old girl with 
disproportionately long limbs and digits 



Marfan syndrome

• Cardinal manifestations 
– aortic root diameter Z-score >2
– ectopia lentis
– inherited Fbn1 mutation



MFS – aortic aneurysm

Dormand and Mohiaddin Journal of Cardiovascular 
Magnetic Resonance 2013, 15:33 http://www.jcmr-

li / /15/1/33



Marfan diagnosis

www.marfan.org



Z score

• “z score” 
– the number of standard deviations from the 

mean of “aortic” measurement when 
compared with normal individuals with the 
same body surface area, 



Marfan diagnosis

www.marfan.org



Cardiovascular system in Marfan 
syndrome 

• Mitral valve prolapse and regurgitation
• Left ventricular dilatation and CHF
• Pulmonary artery dilatation
• Aortic root dilatation

– the most common cause of morbidity and 
mortality 



Aorta in Marfan syndrome

• Aortic aneurysm
• Aortic dissection
• Aortic regurgitation is secondary to 

above



Aorta in Marfan syndrome 

• Risk of aortic dissection 
– diameter at the sinus of Valsalva exceeds 5 cm
– rate of dilatation exceeds 0.5 mm per year
– family history of aortic dissection.



Natural history of Marfan

• Mortality from aortic complications has 
decreased
– 70% in 1972, 48% in 1995

• Life expectancy has increased 
– mean age at death 32 years in 1972 versus 45 

years in 1998



Natural history of Marfan

N Engl J Med 1999; 340:1307-1313April 29, 1999



Medical management

• If the aorta is dilated
– Beta-Blocker therapy 

• Prophylactic treatment is recommended
– in those with an aortic diameter of less than 

4 cm. 



Surveillance

• Annual evaluation 
– clinical history, examination 
– echocardiography



Imaging in Marfan
• Echocardiography at diagnosis to assess 

the aortic root and ascending aorta
• Follow-up echocardiogram after 6 months. 
• If aortic root diameter is stable, 

– annual imaging until the diameter reaches 4.5 
cm or 

– changes significantly, when more frequent 
imaging is advised (Class I, Level of Evidence: 
C). 



Surgical management
• Prophylactic aortic root surgery 

– when the aortic diameter at the Sinus of 
Valsalva exceeds 5 cm.

N Engl J Med 1999; 
340:1307-1313April 
29, 1999



Prophylactic surgery vs
emergent

• Performing prophylactic surgery 
– <2% mortality rate

• Performing emergent repair during 
acute dissection
– >10% mortality



Post surgical followup
• Repair site is protected from further dilation
• However, continued risk to the arch and 

descending aorta 
– development of aneurysm formation and 

dissection later in life
• Careful monitoring is still required proximal 

and distal to the repair site (1,3,6,12 months 
and yearly)

• Routine lifelong imaging of the entire aorta 
is recommended(every 5 years)



MFS and Exercise

• Avoid high intensity static exercise 
– (most competitive athletics, heavy weight 

lifting)
• Encouraged to participate in lower 

intensity dynamic exercise (such as golf 
and bowling) 

• Contact sports are not advised



Marfan syndrome and 
pregnancy

• Increased risk of aortic complications 
– hormonal and hemodynamic alterations 

during pregnancy 
– pregnancy is a hypervolemic and 

hyperdynamic state. 



Loeys-Dietz syndrome 
(LDS)

• Autosomal dominant disorder 
– connective tissue with widespread systemic 

involvement 
• Mutations in the genes encoding 

transforming growth factor beta receptor 
1 or 2 



Loeys-Dietz syndrome 
(LDS)

• In contrast to other aortopathies 
– catastrophic in children

• Aortic rupture and dissection 
– Can occur at very young ages (6 months of 

age) and at very small (nearly normal) aortic 
diameters. 



Loeys-Dietz syndrome 
(LDS)

• Cardinal triad
– hypertelorism
– cleft palate or bifid uvula
– arterial/aortic aneurysms and arterial 

tortuosity



LDS – Aortic pathology

• Progressive dilatation of the aorta
– maximal at the level of the sinuses of 

Valsalva
• Risk of aortic dissection and rupture

– major source of early mortality 
– mean age at death 26.1 years in the initially 

reported series



LDS – natural history

• At the time of diagnosis, 
– about two-thirds already have an aneurysm 

of the aortic root
– one-fifth already have an aortic dissection 
– all LDS patients will eventually develop 

dilatation of the aortic root 



LDS – arterial pathology

• Arterial involvement is widespread 
• Arterial tortuosity, specifically of the 

head and neck vessels



LDS – other cardiac 
manifestations

• Associated anomalies
– bicuspid aortic valve 
– atrial septal defect (ASD) 
– patent ductus arteriosus (PDA) 
– mitral valve prolapse



LDS - diagnosis

• Diagnosis is considered if typical clinical 
characteristics are present in the patient

• Family history is important
– although only 25% of the newly diagnosed 

patients have an affected parent 



LDS-natural history

• In the largest study of Loeys-Dietz 
patients (n=90)
– 98% had aortic root aneurysms
– The mean age at death was 26 years (range 

0.5 to 47 years) 
• thoracic aortic dissection (67%), 
• abdominal aortic dissection (22%)
• intracerebral bleeding (7%) 



LDS- medical management
• Patients should be treated to control hypertension to 

the lowest tolerated blood pressure 
• β-blocker (atenolol, nadolol or propranolol)

– Reduces hypertension and pulsatile wall stress. 
– Studied in patients with Marfan syndrome 

• Angiotensin-II receptor blockers (ARBs) (losartan or 
irbesartan)
– inhibits levels of TGF-β. 
– Selective blockade of AT1. 
– Studied in patients with Marfan syndrome 



LDS - surgical management



LDS- exercise

• Circumstances to be avoided 
– Contact sports, isometric exercises, 

competitive sports or activities 



EDS

Atlas of Clinical Vascular Medicine 
© 2013 by John Wiley & Sons  Ltd 



When to operate?
• Marfan syndrome 

– ≥5.0 cm unless family history of dissection at < 
5.0 cm, or growth >0.5 cm/ year 

– ≥4.0 cm if contemplating pregnancy
• Loeys-Dietz 

– ≥4.2 cm for dissection (family history of aortic 
dissection or growth >0.5 cm/ year), 

• Ehlers Danlos, vascular form 
– Surgery is high risk because of tissue fragility 



Conclusions
• The aortic valve should be preserved whenever possible 
• The David operation has long term freedom from aortic 

reoperations
• Endovascular operations of the aortic arch are largely 

evolving and open proximal aortic surgery is still the gold 
standard.

• Need for a team who are familiar with complex aortic 
pathology including surgical team, perfusion, CV 
anesthesia, blood bank, access to imaging- hybrid 
room, postop ICU care



Thank you
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