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1. Acute Type B Dissection: Complicated
2. Acute Type B Dissection: “High Risk” Un-Complicated

1. High risk for LATE distal Aortic complications

3. Acute Type B Dissection: Un-complicated
4. Chronic Type B Dissection: deNovo or Classic
5. Chronic Type B Dissection: Residual Type A Dissection

1. Late Chronic Type B AFTER previous Type Repair

6. Acute Type A “Adjunct” Frozen Elephant trunk

The Type B Dissection “Universe” as presented to the CV surgeon on a daily basis



aaa

Pre-Implant Post-Implant

Excellent Aortic Remodeling !!
Early case: courtesy M. Dake



Acute Type B Aortic Dissection (n=35)

Rupture

18 (51.4%)

Malperfusion

17 (48.6%)

Mesenteric / 
Renal

5 (29.5%)

Iliofemoral

3 (17.6%)

Both

9 (52.9%)



1. Must cover primary tear site

2. Evaluation and treatment of 
persistent malperfusion

 Adjunct stent grafts /mesenteric 
stents 

▪ Infrarenal stents
▪ Iliofemoral stents

3. Goal: Expansion of true lumen 
and correction of malperfusion

4. There is no rupture

Remodelled

aorta



 Technical success defined as coverage of 
primary tear site 97.1% (34/35 patients)

 No conversion to open repair

 Left SCA-carotid bypass in 1 patient
*On POD # 6 for left arm ischemia

 Distal adjunctive procedures performed in 12 
patients (34.3%)



Pre Repair Post Repair



 1.  TEVAR cover Primary Tear (entry) site, 
Usually in proximal Descending Aorta

 2. IF there is still Malperfusion, THEN need 
Second Stent to the Celiac Axis (25-30%)

 3. IF there is still Malperfusion THEN need 
DIRECT stenting of the Malperfusion artery

 4. If this not working then fenestration….. 
Bad!!



 Must cover primary 
tear site

 And must cover site 
of rupture (usually 
entire thoracic 
aorta from LSCA to 
celiac)

Drain 

blood 

in Left 

Chest!!
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The Concept:



Song et al. JACC, 50:799-804, 2007



Eur J Vasc Endovasc Surg 2006; 32:349-55

• Freedom from aortic event (dissection-related death, aneurysm formation >6cm, new Type A 
dissection) 75% @ 5yrs & 67% @ 10yrs

• Significant predictors of aortic event

• Maximal aortic diameter >4.0 cm at first CT 

scan (hazard ratio 3.5; 95% CI 1.2-9.7; p=0.018)
• IMH with localized PAU (hazard ratio 14.5; 95% CI 1.8-13.1; 

p=0.0018)



Marui et al. JTCVS, 134(5): 1163-1170, 2007





Cumulative survival free from sudden death and surgical/endovascular treatment by entry 

tear pattern (size and location). prox indicates proximal.
Evangelista A et al. Circulation. 2012;125:3133-3141

Copyright © American Heart Association, Inc. All rights reserved.

Entry Tear Size and Proximal Location



Rapid 

Expan

sion



Very compelling !!

>4 cm

>66% diameter FL

Also Young (44 yrs old) and on 4 drug anti HTN drugs
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Type B Dissection

Distal piece first

Second/proximal 

component positioned
Aortogram





 Gore Complicated FDA Type B Dissection Trial 
(N=50)

 Medtronic Complicated FDA Type B 
Dissection Trial (N=50)

 Total Retrograde Type A Dissection Rate for 
Both FDA Trials (N=100)

= 6%
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Pre-stenting Post-stenting



1 month 2 years

Thrombosis 

of FL



FL 

Expansion 

in distal 

aorta

1 month 4 years



False Lumen 

Thoracic: Thrombosed

Abdominal: Patent

S/P DeBakey Type I 

s/p Asc/Hemi



C-TAG for 

Dissection: To 

Celiac



Not Good!!



1. Acute Type B Dissection: Complicated
2. Acute Type B Dissection: “High Risk” Un-Complicated

1. High risk for LATE distal Aortic complications

3. Acute Type B Dissection: Un-complicated
4. Chronic Type B Dissection: deNovo or Classic
5. Chronic Type B Dissection: Residual Type A Dissection

1. Late Chronic Type B AFTER previous Type Repair

6. Acute Type A “Adjunct” Frozen Elephant trunk

The Type B Dissection “Universe” as presented to the CV surgeon on a daily basis



Or …….
Dacron Zone 2 or 

3 LZ “prepared”



1 week after surgery
After 3 monthsPre-operative

Chronic Type A Aortic Dissection: Residual “Type B”

After 2 years

Note: All 4 vessels off TL and Distal LZ opening



Misconception (Open TAAA):



Dissection

Non Dissection

p =0.015

C. Plestis, NY,  2011 (Great Debates AATS)

Note: TAAA for Dissection IS LESS 

MORBID than for Athersclerotic

aneurysm



 Corvera and Fehrenbacher 2012 (Indiana)

 N= 93 Chronic Dissections; mean age = 60

▪ 5o/50 Residual Type A  vs Denovo Type B

 100% DHCA

 40% Type II

 Mortality = 2.2%  (less than their non-
dissected TAAA;   93/343)

 Paraplegia = 1%
 8.8% Re-intervention at mean 54 months 



 Di Luozzo and Griepp; 2013
 N=  107  Chronic Distal Dissections 
 All < 60; Mean age = 48
 Mortality = 4.7% 
 43% DHCA
 CVA = 3.7% and Paraplegia = 1% 
 85% 5 year Survival with only 1 Re-intervention

These Results are better than the Standard 

Atherosclerotic TAAA series



Open n=80 TEVAR n=52 P

Death 6 (7%) 1 (1.9%) 0.37

Spinal Drain 69 (86 %) 26  (50%)

Post-Op Neurologic Deficits

Stroke

Perm Paraplegia 

9 (12%)

2 (3%)

7 (9%)

1 (2%)

0

0

0.0045

1

0.1

Post-op Renal Failure 7 (9%) 1 (2%) 0.18

New Post-op Dialysis 5 (7%) 1 (2%) 0.52

Ventilator requirement (Hrs) 145 6.1 0.02

ICU LOS (Hrs) 301 54 0.005

Hospital LOS (days) 19.2 6.9 0.0003
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 As many Abdominal Vessels off True lumen as 
Posssible. Best is ALL 4 (Celiac, SMA, both 
Renals). This anatomy Minimizes distal large 
re-Entry sites

 Solid (Good) Caliber Proximal LZ
 Large Primary Tear site or Fenestration that 

can be Covered by TEVAR Proximally
 No “Pseudo-Coarctation” of Distal LZ

Rules of Engagement !!
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 What is State of the Art??



 Stanford (and my Review of Penn 1988-1992 
data) reported basically 25/25 club

 We were in the “Crawford” arch algorithm …… 
Disaster

 Clamped Ascending, go into Arch IF “tear” 
extended past clamp. Nothing certain. Intra-op 
chaos ….. Bottom line: Death

 Total “equipoise” (really no understanding) of 
Resuspension vs Root 

 Concept of independent resuspension and 
proximal suture line Non-Existent



 Massive Bleeding, No good grafts, A rudimentary 
real understanding of the Circulation 
Management complexity needed to successfully 
prosecute this operation!, blood product 
administration nothing more than “Give a lot” 
…… A lot of Dead RV’s

 We admitted to ICU, had 4% mortality while 
waiting for OR

Result: Worldwide High Mortality and CVA

 The 30/30 club

Most common Cardiology post op question: Arch vessels ….57%



IRAD Data very Similar = 58% one month mortality in NON-Operated group!

Why Do We Operate??!!

And this institutional decision!





Cause of death Treatment

Acute CHF due to AI Aortic valve resuspension

Coronary malperfusion Aortic root repair

Cerebral malperfusion Arch replacement

Free Ascending rupture            Asc aortic replacement



Note: Most Important was a Systems Based Approach

Rather than multiple individual idiosyncrasies 



 Rapid Admission to OR via PENNSTAR 
helicopter (Level I Trauma model)

 Routine TEE/Neuro-Cerebral Monitoring: OR 
as Diagnostic and Theraputic suite

 Routine Open Arch repair (HCA/RCP/ACP) 
using Femoral/Axillary/Central Aortic 
cannulation

 Clamp Ascending Aorta with Fibrillation (or 
earlier if AI too severe)



Right Carotid Artery Doppler (TEE Probe):  Acute Type A Dissection

Confirm Diagnosis and on-line reports



Left Subclavian 

dissection

Arch dissection

Calcified femoral artery



Initial Line



Usually 60-75% of medial thickness



“The Soul of the Human Body resides in the ARCH, 

halfway between the Heart and the Brain!”



Occasionally small amounts of Bioglue (<5cc)



1) HCA
2) HCA/RCP
3) ACP

NIRS +/- EEG



 The mortality and morbidity of SHORT
arch reconstructive times (<30-35min) is 
EMBOLIC (lateralized CVA).

 The mortality and morbidity of LONGER
arch reconstrutive times (>35-40min) is 
GLOBAL neurological deficit.



Cumulative Percent of Patients w ith Silent EEG by Time

Time in Minutes

C
u
m

u
la

tiv
e
 P

e
rc

e
n
t 
P

a
tie

n
ts

 w
it
h
 S

ile
n
t 
E

E
G

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

<= 10 <=15 <=20 <=25 <=30 <=35 <=40 <=45 <=50 <=55

Stecker and Bavaria, Ann Thor Surg 2002



Transient Neurologic Dysfunction  (TND) after repair of

Acute Type A Aortic Dissection with DCHA (n=104)

Incidence of TND

Total 10/104 (9.6%)

DHCA/RCP time > 50 min 6/20 (30%)

DHCA/RCP time < 50 min 4/84 (4.7%)

Mean Duration of DHCA/RCP

All patients 42 ± 12 min

Patients with TND 55 ± 13 min

Patients without TND 40 ±11 min

Bavaria JE, et al. Ann Surg 2001;234:336-43



4-Branched Graft/ Antegrade Cerebral Perfusion (Kazui): limited RCP







 An Open (Non-Clamped) Arch Procedure is 
basically “Standard of Care”

 This can be EITHER Hemi-Arch or “Some 
Variation” of Full (or Near Full) Arch

 Two Branch, Locate Proximally with 
debranching, etc

 Some form of “Advanced” Circulation 
management is “Standard of Care”





Aortic Dissection: Mechanisms of Aortic Regurgitation

Normal

Tethering

Prolapse

Prolapsing Flap

TEE ME AoV LAX Movsowitz JACC 2000;36:884



Aortic Valve Resuspension



ROBUST: Aortic Root Reconstruction/Sinus of 

ValSalva Repair

Bavaria, Pochettino, Gleason, et al; Ann Thor Surg 2003



Bavaria JE, et al; AATS 2001



Completed Root Repair and Aortic Valve 

Resuspension with Neo-Media

Bavaria,  Pochettino, Gleason, et al; Ann Thor Surg 2003

IMPORTANT: 72% of Aortic Roots/Valves 

were NORMAL prior to Dissection!



Note: Finished 

Prduct, Efficient 

Conduct of 

operation



 Marfan’s (Sinus Aneurysm; 10-15%)
 Bicuspid Valve or Primary Valve leaflet 

abnormality (10-15%)
 Intimal Tear (not dissection) into sinus 

segment (Could do a David V in this situation)

(not simply a dissection down to the annulus)

 Other more rare indications



Survival Analysis
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Aortic Root Options for 

Type A Dissection 

Repair



Figure 1
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 Overall Malperfusion Incidence of any Major Vascular 
bed  is 21-33%

 Distal Malperfusion Rates are 20-31% (Spinal, 
Mesentaric, Renal, Iliofemoral)

 Coronary Malperfusion Incidence is 6-12%
 Cerebral Malperfusion Incidence is 7-13%
 Multiple (>1) Malperfusion Vascular beds: 5.6% - 9%

 Avg = 1.4/pt

Malperfusion Syndrome in Acute 
Type A Dissection: Incidence

Girardi LN, ATS 2004; Fann JL, Miller DC, Ann Surg 1990; Geirsson, Bavaria, 
EJCTS 2007;  Neri E, JTCVS, 2001;  Kawahito K, ATS 2003;  Pacini , 
DiBartolomeo, 2011;  Girdauskas E, JTCVS 2009;  Immer FF, ICVTS 2006





 Overall Results are SIGNIFICANTLY and Negatively 
impacted by the presence of Malperfusion.

 Pacini, Gabbieri, Zussa, Pigini, Contini, and 
DeBartolomeo for the Emilia-Romagna AAD Registry 
(2011) N=502

 43.7% mortality with Malperfusion vs 15% without (p<.001)

 Geirrson, Szeto, Pochettino, Bavaria (2007)  N=244
 30.5% mortality with Malperfusion vs 6.2% without (p<.001)

Malperfusion Syndrome in Acute 
Type A Dissection: Results
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 Technical success defined as coverage of 
primary tear site 97.1% (34/35 patients)

 No conversion to open repair

 Left SCA-carotid bypass in 1 patient
*On POD # 6 for left arm ischemia

 Distal adjunctive procedures performed in 12 
patients (34.3%)



 Routine Rapid Admission to OR via PENNSTAR 
helicopter (Level I Trauma model)

 Routine TEE/Neuro-Cerebral Monitoring /NIRS: OR 
as Diagnostic and Theraputic suite

 Aprotinin …. Now Cryo first, High dose Amicar
 Routine Open Arch repair (HCA/RCP/ACP) using 

Femoral/Axillary/ Direct Aorta cannulation
 Clamp Ascending Aorta with Fibrillation (or earlier if 

AI too severe)



 When Flatline EEG, Proceed with Open Arch 
reconstruction (90% Hemi;10% Total)…Variable

 Antegrade graft perfusion (ALWAYS)
 Complete Proximal Aortic Procedure during 

rewarming

 70% Resuspensions

 15% Mechanical Composite Root

 10% BioRoots

 5% Re-implantation
 Graft to Graft proximal Aortic Reconstruction



1. Geirsson, Bavaria, and Pochettino; STS 2007; AnnThorSurg 2007

2. Geirsson and Bavaria; Eur JTCVS 2007



 30 day Mortality                               12.1%

 Intra-op mortality                                      2.3%

 NEW Stroke rate                                 5.5%                                      

This is Consecutive All Comers with Immediate transfer to OR protocol



 Factor                      Odds/Ratio        P-value
 Age/yr                           1.04               .002
 Pre-op CVA                   7.1                .004
 Dialysis                          5.1                .009
 CPB time/min               1.008             .01
 Cerebral malperfusion 2.9              .04

Malperfusion Syndromes Rule!



Cause of death Treatment

Acute CHF due to AI Aortic valve resuspension

Coronary malperfusion Aortic root repair

Cerebral malperfusion Arch replacement

Free Ascending rupture            Asc aortic replacement



Cause of death Treatment

Acute CHF due to AI Aortic valve resuspension

Coronary malperfusion Aortic root repair

Cerebral malperfusion Arch replacement
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Cause of death Treatment

Acute CHF due to AI Aortic valve resuspension

Coronary malperfusion Aortic root repair

Cerebral malperfusion Arch replacement

Free Ascending rupture                     Asc aortic replacement

Fate of Distal Descending Aorta!



 R. Fattori et al. : Evolution of Aortic Dissection after Surgical 
Repair; Am J Cardiol 2000.

 Follow-up 12 to 90 month (58 pat.): 77,5% patent false 
lumen

 Year aortic growth rate: 0,56 cm PDFL vs.  0,11 cm TFL

 During 7 year period: 27,5 % re-op due to increasing 
diameter

 Barron DJ et al.: Twenty year follow-up of acute type A 
dissection: the incidence and extend of distal aortic disease 
using MRI. J Card Surg 1997.

 Follow-up 60 month (87 pat.): 72 % patent false lumen

 Most common cause for late death: related to distal 
aortic disease

Do we have a problem with
the downstream aorta ?



CT scans after “Successful” Type  A Dissection 
surgery: No Reasonable distal Aortic Remodelling

Mal-Perfusion

Chronic Distal 

Dissecting 

aneurysm

Chronic Complex 

Arch Dissecting 

aneurysm

M. Grabenwoger, Vienna

Residual 6.8 cm 

Dissecting Aneurysm after 

Type A Repair with Arch 

involvement



 Bavaria et al, 2007 (USA), 26% Reoperation at 
12 years

 Included Debakey II

 Ishihara et al, 2009 (Japan), 27% Aortic Events 
at 5 years

 DeBartolomeo et al, 2001 (Italy), 27% 
Reoperation at 7 years

 Griepp et al, (USA), 16% reoperation at 8 
years

 Included Debakey II

Senior Surgeon Series



J Thorac Cardiovasc Surg 2002;123:318-325.

39% reoperation rate at 10 years

Glauber, Murzi, et al; 2010:  Bristol UK.



 Results in Complex distal arch + Thoracoabdominal  

Aneurysm Repair ....... Nice operation! (5-10% Paraplegia)

Do We Have a Problem with the Downstream Aorta?





3 years later

4 years later





STS San Diego, Jan 2015



3 Years later





The Hemi-Arch (+/- Root)



Total Arch +/- Elephant Trunk with 4-branch graft

Selective ACP





J. Appoo, Calgary, Canada

Calgary, Alberta, Canada





Pochettino, Szeto, and Bavaria; AnnThor Surg 2009



77% of Stented Descending Aorta cases with Obliterated 

False Lumen vs only 25% for Standard hemi-Arch Repair



 Advantages

 Simpler Distal Anastomosis

 Can address most complex 
arch tears and eliminate 
flap in proximal head 
vessels

 Shorter ACP times

 Definitive TEVAR options

 Less risk of Recurrent 
larnygeal nerve injury

Desai, Bavaria (First presented) STS 2015

TBE

Mona LSA







THE FUTURE (???) ….



Water Hammer Pulse AI Aneurysm



 Long Term TEVAR stability will possibly have 
issues



However (???) ….

Never fear Failure!



Pre Post

Prior 

Clamp 

Site 

Injury



Valiant Captiva

46x46x80 mm

Courtesy of Khoynezhad/White; 
Cedars-Sinai /UCLA



Desai, Szeto, Bavaria, et al



• Acute type  A aortic 
dissection
o contained rupture and pericardial 

effusion

• Chronic Hep B
o Compensated cirrhosis

o MELD 10 

o Hepatocellular carcinoma

• Transapical TEVAR with 
Cook Tx2 Proximal 
Extension (40mm)

9 months later



 Cannulation: No Consensus

 Axillary, Direct Aortic, Femoral …. Rational 
approach?

 Arch & Circulation Management: Consensus 
ACP (minority RCP), Temp < 25, Axillary, 
Innominate, Bilateral direct cannulation

 New Stuff: frozen elephant trunk more common, 
“proximalization” of the procedure, “thinking” 
about distal phase at initial operation

▪ Lupae, Calgary, Evita/Thoroflex, Sun, hemi arch with 
antegrade TEVAR, etc



 Timing of surgery for Malperfusion: Debate 
Early vs Later ….. No consensus yet.

 The Aortic Root: Bachet!! ….. Data suggesting 
that “Robust” root repair and/or 
Reimplantation is best for otherwise normal 
anatomic aortic valves

 Octogenarians/Age considerations: >85 be 
careful, 80-85 without major malperfusion
and stable then good results.



Great Progress in 10 years!

Thank You




