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DeBakey type I dissection: 
when hybrid stent-grafting is indicated? 

Aim. For avoidance of late downstream complications 
after classic DeBakey type I aortic dissection repair, 
replacement of the arch with simultaneous antegrade 
descending stent-grafting using a hybrid prosthesis 
was applied in acute and chronic aortic dissection. 
Indication and results were studied. 
Methods. Between January 2001 and January 2010, 
168 patients were operated for acute and chronic aor­
tic dissection (AD). Forty-five patients received an E­
vita open stent-graft prosthesis, 29 for acute aortic 
dissection (AAD) (28 for DeBakey type I, 1 for type 
111) and 16 for chronic aortic dissection (CAD) (13 
type I, 3 type 111). Indication was full circular arch 
dissection, an entry or re-entry tear distal to the left 
subclavian artery in AAD, and new abdominal malper­
fusion, rapid growth of the false lumen (FL), impend­
ing or contained rupture in CAD. 
Results. Hospital mortality was 10% in AAD and 0 in 
CAD. Complications like new stroke occurred in 7% 
versus 6%, temporary dialysis in 55% versus 19%, 
and false lumen obliteration was observed in 93% 
versus 63% in AAD versus CAD, respectively. Follow­
up was 100% at a mean of 19 months. Overall sur­
vival at four years was 72% in AAD versus 94% in 
CAD. FL thrombosis was stable in AAD (92%) and 
increased to 93% in CAD over time. Freedom from 
secondary aortic intervention was 90% in AAD and 
75% in CAD. 
Conclusion. This hybrid approach in patients with 
AAD and CAD type I is safe when indicated and ren­
ders stable results over time down to the stent-graft 

<	 end. Secondary TEVAR can be easlly performed down­
stream when necessary. The international E-vita open 
registry data supports this single center results. 
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Hospital mortality after surgical treatment of acute 
type A aortic dissection (AAAD) still ranges 

between 15-30% in the Western world, mainly corre­
lating to the presence of malperfusion complications. l ­

4Currently, medical treatment does not present an 
alternative with its reported 58% mortality 5and inter­
ventional treatment options for this patliology is at 
its very beginning.6-S 

Current surgical philosophy includes rapid opera­
tion and replacement of the ascending aorta with or 
without hemiach/arch, leaving the downstream pathol­
ogy of a persisting patent false lumen in the descend­
ing aorta untreated.9 This can lead to late complica­
tions like aneurysm formation, rupture, or distal 
malperfusion, and often requires redo surgery.10-13 
However, reoperation after previous AAAD surgery 
poses anotl1er challenge to tlie surgeon, dealing either 
with a planned two stage operation and its inherent 
high cumulative mortality 14,15 or a single midline sur­
gical approach combining arch replacement with 
descending aortic stent-grafting, as demonstrated pri­
marily by]apanese authors, followed by European 
authors. 16-19 

At Essen University Hospital, a program of simul­
taneous treatment of the ascending aorta/arch and 
descending stent-grafting started in ]une 2001 for 
chronic cases, and was extended to AAAD in 
December 2002. 20 

More recently, the International E-vita open Registry 
(Figure 1) was started to compile data from several 
institutions applying this approach, which are studied 
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Figure 1.-Kaplan Meier Curve for survival in acute and chronic aor­
tic dissection according to the International E-vita Open Registry. 
AAD: acute aortic dissection (type 0; CAD: chronic aortic dissection 
(type 0. 

in regard to morbidity and mortality and develop­
ment of thrombosis within the thoracic false lumen, at 
midterm follow-up (Appendix 1). 

Materials and methods 

FromJanuary 2001 toJanuary 2010, a total of764 con­
secutive patients underwent surgery of the thoracic 
aorta at the Department ofThoracic and Cardiova-scu­
lar Surgery, West German Heart Center, University 
Hospital of Essen. Out of these, 168 patients were oper­
ated for acute (N.=115) or chronic AD (N.=53). FOlty­
two patients with DeBakey type II dissection were 
excluded from the study, leaving 73 patients for inves­
tigation. Out of these, 45 patients (62%) received an E­
vita open Hybrid stent-graft prosthesis implanted, 29 for 
AAAD (28 DeBakey type 1,1 DeBakey type 111) and 16 
for chronic aortic dissection (13 DeBakey type I, 3 
DeBakey type 111) combining classic proximal repair 
with antegrade stent-grafting of the descending aorta, 
the so-called hybrid approach (Table I). 

TABLE I.-Prevalence ofsalivary gland tumors (benign and mali­
gnant) (1978-2009). 

N. (910); mean±SD Acute AD 
N.=29 

Chronic AD 
N.=16 

Age (y) 60±12 54±14 

Age >70 y 7 (24) 3 (19) 

Male 19 (66) 16 (100) 

Emergency 27 (93) 2 (13) 

Severe hemodynamic instability 15 (52) 1 (6) 

Intubated prior to surgery 3 (10) 2 (13) 

Blood pressure medication 20 (69) 16 (100) 

Chronic obstructive lung disease 6 (21) 3 (19) 

Renal insufficiency 8 (28) 2 (13) 

Peripheral vascular disease 3 (10) 2 (13) 

Previous cerebral insult 4 (14) o 
Previous cardiovascular surgery 1 (3) 9 (56) 

Previous endovascular intervention 1 (3) 1 (6) 

TABLE II.-Indicationsfor E-vita open. 

Acute AD Chronic AD
N. N.=29 N.=16 

Entry/Re-entry in descending aorta 22 (76) o 
Contained rupture of descending aorta 2 (7) 3 (19) 

Circular arch dissection 5 (17) o 
False lumen progression o 13 (81) 

Indication for hybrid stent-grafting in type I dissec­
tion 

Besides classic repair consisting of ascending aor­
tic replacement in acute type I aortic dissection, all 
patients, who demonstrated an entry or re-entry tear 
in the arch, had arch replacement, either as a hemi­
arch or fuU arch replacement. 

In case of a tear around the left subclavian artery or 
below, or fuH circular arch dissection, the indication 
for additional stent-grafting of the descending aorta 
was seen. In chronic type lAD, ongoing or new 
abdominal malperfusion, rapid growth of the persis­
tendy patent false lun1en (more than 1 cm per annum) 
or aneurysm formation to a FL + TL combined diam­
eter of 6 cm and beyond), in1pending or contained 
rupture, the indication for this approach was given 
(Table 11). 

This has been approved by the Ethics Committee of 
the University Hospital of Essen. In acute cases, the 
chairman of the Ethical Committee waived its need. 

634	 THE JOURNAL OF CARDIOVASCULAR SURGERY Oetober 2010 



1 _
 
DEBAKEY 1YPE I DISSECTION 

Choice 01endograft 

According to a somewhat dismal experience with a 
reversed version of the abdominal Talent stent-graft for 
antegrade application, a self designed hybrid stent­
graft, later called E-vita open® (Jotec GmbH, 
Hechingen, Germany) was used. 21 It consists of a 
polyester stent-graft-prosthesis, combinin.g a 15 cm 
long nitin.ol stented portion with an integrated 7 cm 
long non-stented and non-preclotted portion for aor­
tic arch/ascending aortic replacement. More recently, 
a blood impermeable version (E-vita open plus®) was 
used, obviating the need for preseaIing tl1e graft with 
fibrü1 glue. 22 The ü1sertion into the descending aorta 
was achieved using a stiff backup Meier wire, which 
was previously placed into the true lumen of tl1e 
descending aorta via the femoral artery using onIine 
TEE control or fluoroscopy to secure later safe land­
ing of the stent-graft in the true lumen in the descend­
Ü1g thoracic aorta. 

Surgery 

All patients were operated upon with three arterial 
pressure lines (2 radials, 1 femoral) in place for malper­
fusion contro!. Right axillary artery cal1nulation was the 
arterial cannulation site of choice. In case of CT-proven 
brachiocephalic trunc dissection, in CPR cases or 
extremely unstable patients, direct ascending aortic can­
nulation was performed more recently after primary 
venous exsanguü1ation and direct sight cannulation of 
the true lumen, as reported previously.23 Core cooling 
to 25°C bladder temperature was begun. Aortic cross­
clamping was done early with the admit1istration of 
cold, crystalloid cardioplegia (1 500-2 000 mL 
Custodiol® solution) into tl1e coronary ostia after tran­
secting the ascending aorta. Then proximal repair was 
started while cooling continued. After reaching the tar­
get temperature, abrief period of hypothermic circula­
tory arrest was initiated with removal of the crossclamp 
and inspection of the arch. According to the principles 
of removing all reachable entry - or re-entry sites, the 
aortic arch was radically resected and the proximal 
descending aorta was transected just beneath the often 
encoul1tered reentry tear at the origin of the left sub­
clavian artery. Then selective antegrade cerebral per­
fusion was started via the right axillary artery cannula 
after crossclamping the proximal brachiocephalic tlunc, 
and additional cannulation of the left common carotid 
artery was performed for bilateral perfusion, while the 
left subclavian artery was blocked proximally using a 6F 
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Fogarty catheter. In case of pritnary direct aortic can­
nulation, tl1e brachiocephalic trunc was cannulated sep­
arately. The Perfusate temperature chosen was 18°C, at 
a flow rate of approximately 15 mL/kgimin to maintain 
a line pressure between 50 and 60 mmHg. 

Then the previously placed guidewire was picked 
up. Sizing of the true lumen of the descending aorta 
was performed with specially designed highly bend­
able nitit101 obturators (Fehling Instruments 
GmbH&Co.KG, Kar1stein, Germany) to measure the 
real diameter of the true lumen and to avoid oversiz­
ing. Thereafter, the endograft was placed over the 
stiff guide wire and deployed in the descending aor­
ta. After retraction of the introducer, the unfolded 
stent-graft ended around 1 cm below the proximal 
end of the cut-off descending aortic stump. The 
Elephant trunk like inverted, non stented polyester 
tube was then pulled back approxünately 5 mm for 
proximal suturing of the graft to tl1e proximal descend­
ing aortic stump using a 3-0 polypropylene continu­
ous sutureline, stabilized externally with a teflon feIt. 
Then full retraction of the intussuscepted arch graft 
was done and a corresponding incision for creation of 
tl1e cephalad island anastomosis, or for separate 
implantation of the head vessels to the arch graft took 
place. After finishing this anastomosis, al1 end to end 
anastomosis with the ascending aorta completed 
surgery. Five minutes prior to the expected finishing 
of the anastomosis, the brain perfusate was gradual­
ly rewarmed to 25°C. Full body reperfusion was 
restarted either by using the axillary arterial cannula 
or direct cannulation of the arch prosthesis, after deair­
ing of tl1e arch vessels with the patient's head down 
20°C. While rewarming, proximal repair was com­
pleted if necessary. Finally, an end to end anastomo­
sis between the ascending aortic graft and the arch 
prosthesis was performed. Additional procedures like 
coronary revascularization were done during rewarm­
ing (Table 11). After reaching normothermia, extra­
corporal circulation was discontinued under TEE con­
tro!. While protamine was administered, t11e throm­
bosing process of the false lumen around the descend­
ing aortic stent-graft was observed and documented 
with TEE. 

Fo110w-up protocol and data analysis 

All surviving patients underwent early (postopera­
tive day 6-10) CT angiography, as weH as after 3,6, 12 
montl1s, and annually thereafter. At these time inter-
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'fABLE I.-E-vita Open) Essen results 1101/2005-01/2010. 

AAD CAD 

Patients, N. 29 16 

In-hospital n10rtality 3 (10) 0 

Stroke 2 (7) 1 (ö) 

Spinal cord injury 0 0 

Dialysis 
Permanent 0 1 (6) 

TemporalY 16 (55) 3 (19) 

Secondary interventions in downstream 
aorta+ 3 (10) 4(25) 

False lumen at stent graft: level postop. 
Patients, n 29 16 
Thrombosed 25/29 (86) 10/16 (63) 
Partial thrombosed 4/29 (14) 5/16(31) 
Patent 0 1 (6) 

False lumen thrombosis distal to stent 
graft postop. 

Patients, N.* 28 15 
Throinbosed 4/28 (14) 0 
Partial thron1bosed 10/28 (36) 1 (7) 
Patent 14 (50) 14 (93) 

False IUlnen at stent graft at follow-up 
Patients, N. 25 15 
Thronlbosed 23/2'5 (92) 14/15 (93) 
Partial thrornbosed 2/2'5 (8) 1/15(7) 
Patent 0 0 

False lumen distal to stent graft at 

follow-up 
Patients, N.* 24 14 
Thrombosed 4/24 Cl7) 1/14 (7) 
Partial thrombosed 13/24 (54) 6/14 (43) 
Patent 7/24 (29) 7/14 (50) 

Data are presented as mean±SD or number (%); AAD, Aeute aortic dissee­
tion; CAD: ehronic aOJ1ic disseetion; +6 seeondary endovaseular aOl1ic repairs 
and 1 seeondary surgery, * only patients with extenSIon of the false IlLlnen along 
the abdorrlinal aorta. 

vals, patients were also seen in our outpatient clinic. 
Data were collected prospectively supported by 

our database for rhoracic aortic sllrgery and studied ret­
rospectively by team menlbers. Follow-up was com­
plete in all patients by]anuary 2010. tfhe PASW 18.0 
package was used for analysis. 

Internatio'nal E-vita open Registry 

The International E-vita operl Registry was found­
ed September 2008 to collect data from several insti­
tutions applying t1le prüIciple of sinlultal1eous repair 
of the ascending aorta, the arch and stent-graftitlg of 
the descending aorta ül cOInplex thoracic aortic dis­
ease, encompassing acute and chrol1ic dissection as 
weH as extensive aneuryslnal disease. Data from 186 

patients form the basis of this study, where 50 cases 
with aneurys111al disease were excluded, leaving 66 
cases with acute and 70 cases with cllronic type I dis­
section for evaluation. 

Results 

Follow up was 100%. In-hoSf)itallnortality was 10% 
(3/29) in AAD alld zero in CAD. Postoperative conlpli­
catiuns like new stroke occurred in 7% (2/29) versus6% 
(1/16), tenlporary dialysis in 55(Y'0 (16/29) versus 190/0 
(3/16) in AAD versus CAD, respectively CTable 111). 
Angio-CT follow-up scans deITIOnstrated false lumen 
obliteration around the descending stent-graft in 93% 
(27/29) of AAD cases within days and renlained stable 
over time (920/0) at 19 nlonths. In CAD, a 63<Yo (10/16) 
throlnbosis rate could be obselved during the first hos­
pital stay and inlproved to 93% at 19 nloIlths. ()verall sur­
vival at foul' years \vas 720/0 III AAl) arId 94% in CAD. The 
need for secondary downstrearrl intervention was 10% 
(3/29) itl AAL) versus 25% (4/16) in CAD. 

In AAL) three patients underwent secondary 
el1dovascular intervention at the distal stent graft end 
due to a prirnary (one type 111 endoleak)) or a sec­
olldary Endoleak (one type 11) arld one type 11 
endoleak). In CAD three patients required TEVAR for 
stent graft extension due to type Ib (N.=2) or type 111 
(N.=I) endoleak. In all cases the retrograde place­
ment of the new graft and the lanciing within the dis­
tal E-vita open stent-graft was successful resulting in 
sealing of the endoleak. One CAD patient underwent 
descending aortic replacenlent 29 days after the first 
operation due to a persistently perfused third false 
lUlnen origillating from the origin of the left subclavian 
artery (type 11 endoleak). 

The registry follow-up data show similar results: 
Hospital mortality was 140/0, both for AAD and CAD, 
new strokes 90/0 versus 10/0, spinal cord injury 2% ver­
sus 5 %. The fate of the false lunlell denlonstrated 
throlnbosis in 880/0 versus 69 0;0 after days, and 930/6 ver­
sus 81% at follow up CT scan after 21Inoriths in AAD 
versus CAD, respectively. Cun1ulative survival rate at 
foul' years vvas 780/0 (Figure 2). 

Discussion 

Classic surgical treatrrlent of acute type I aortic dis­
section leaves the false lumen in the aOltic arch and/or 
descending aorta urltreated, s011letinles causing sec-
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Figure 2.-Ca~e COTnputed t01110graphy study of a c;2-year-old male with acute type I AD: durable thrombosis and shrinkage of the false lumen 
is documented at stent-graft and diaphragmatic leveL while the true lumen and [he partially thrombosed false lumen in the abdominal aor­
ta remains stahle over aperiod of faur years. 

ondary problems lik~ aneurysm formation aortic rup­ used, no differentiation between the extension of the 
ture or distal malperfusion. 10- 14. 24.2'; [)ue to the fact, that dissection process distally is made. This means, that 
in the literature usually the Stanf(trd classification is probably one third or even more of the patients belong 
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into the DeBakey type 11 subgroup, where no djstal 
dissection process exists, thus probably not causing 
distal aortic problems over time, as studied recently in 
our institution at late follow-up.26 From this can be 
concluded, that the late downstream complication 
rate after DeBakey type I aortic repair probably is 
significantly underestimated in the literature and might 
exceed the estimated rate of 30% reoperations with­
in 10 years after the primary operation. 11, 25 

Even more, in case of evident late complications 
within the chronic type I situation like aneurysm for­
mation in the distal ascending aorta/arch and the 
descending aorta, the surgical approach usually con­
sists of a staged procedure starting with midline 
replacement of the distal ascending aorta/aortic arch, 
followed by replacement of the descending aorta via 
lateral thoracotomy. However, the trauma for the 
patient associated with this two-stage procedure is 
severe and the results achieved including the interval 
mortality is summing up to 30% even in the best 
hands.15,27 

Credit has to be given to ]apanese allthors who 
propagated simultaneous stent-grafting of the descend­
ing aorta through a midline approach primarily for 
aneurysmal disease, followed by aortic dissection cas­
es.l6, 17,28,29 

Being confronted with several symptomatic patients 
presenting after previous ascending aortic replace­
ment for DeBakey type I dissection, we began to 
adopt those techniques in 2001. The advent of our 
hybrid room in 2004 with its possibilities for immediate 
and online TEE, angiography, TEVAR and operation 
expanded this principle to all kinds of complex tho­
racic aortic pathologies. Due to the fact, that this is a 
safe but extensive surgical procedure, the indication 
to simultaneously splint the downstream aorta was 
reserved for patients with entry or re-entry tears at 
or below the left subclavian artery and/or full circu­
lar arch dissection in the AAD.30 T11us, results of this 
procedure have to be compared to total arch replace­
ment combined with the conventional elephant trunk 
procedure, where the overall mortality ranges from 
130/0 and 360/0. 15 

In contrast to the conventional elephant trunk pro­
cedure, stable thrombosis of the FL beyond 900/0 down 
to the mid-descending aortic level around the stent 
graft prosthesis can be achieved, which tends to shrink 
over time, leading to growth of the TL, eventually 
resulting in aortic remodelling of the complete aorta 
in up to 30% of the cases (Figure 2). Surprisingly, in 

CAD, the expected lower rate in contrast to AAD of 
immediate thrombosis of the FL (63°/Ü) tends to 
increase to unexpected 93% within 19 months fol­
low-up time, suggesting also a process of proximal 
healing down to the stent-graft end. Thus, the pri­
mary goal to possibly create a stable situation within 
the thoracic aorta not requiring another open surgery 
has been fully achieved. A close follow-up protocol 
(1000/0 at Essen University Hospital) is mandatory and 
a potential unstable situation in the thoraco-abdomi­
nal or abdominal aorta can be easily detected using CT 
scanning or MRT, and can be usually treated by sec­
ondary TEVAR via the femoral artery access. Three 
(10%) cases after AAD su.rgery requjred TEVAR in 
contrast to three (19%) of CAD cases without proce­
dural morbidity or mortality. 

Landing within the distal E-vita open stent-graft is 
easily achieved with a very stable connection to a 
covered or non-covered new stent-graft, and sealing 
of distal endoleakage was successful in all cases. 
Proximal endoleakage is virtually impossible due to 
the nature of the E-vita open hybrid stent-graft pros­
thesis relying on a classic proximal sutureline and its 
seamless transition from the non-stented portion into 
the stented part. In one case, a proximal type 11 
endoleak was detected originating from the subclavian 
artery, finally necessitating conventional replacement 
of the whole thoraco-abdominal aorta. 31 These single 
center results are supported by the International E-vita 
open registry data. No additional open surgery was 
required to date for 136 AD patients being treated 
with this hybrid concept. 

Conclusions 

We believe that the demonstrated concept of simul­
taneous stent-grafting of the descending aorta after 
ascending aorta and arch replacement in complex 
thoracic aortic dissection is a promising step forward 
to create a stable false lumen thrombosis at least down 
to the stent-graft end which tends to heal over time. 
Owing to the nature of this extensive procedure the 
indicatiol1 for its application is reserved for cases with 
additional entry/re-entry tears in the distal arch/prox­
imal descending aorta and/or full circular arch dis­
section in acute aortic type I dissection. In complicated 
chronic type I or 111 aortic dissection, aneurysm for­
mation in the arch and the descending aorta with 
impending or contained rupture or resulting in abdom-
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inal malperfusion also suggests this approach. Follow­
up studies demonstrate tl1at the goal of shrinkage of 
the false lUlnen channel and expansion of the true 
lumen can be achieved in over 90% of the cases, sur­
prisingly also in chronic aortic dissection. Hospital 
morbidity and mortality is at acceptable levels and 
less than in the classic two stage approaches. 
Upcoming procedural changes probably will decrease 
perioperative complications in the near future. 

In case of secondary thoraco-abdominal problems 
like distal endoleakage, additional interventional treat­
ment with TEVAR is possible with an ideal landing 
zone for the new stent-graft within the E-vita open 
hybrid stent-graft, obviating open surgery in most cas­
es. Lifelong surveillance of those patients, however is 
warranted. The reported results are fully supported by 
the data from the International E-vita open registry. 
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