
Clinical research

Endovascular stent–graft placement in aortic dissection:
a meta-analysis

Holger Eggebrecht1*, Christoph A. Nienaber2, Markus Neuhäuser3, Dietrich Baumgart1,
Stephan Kische2, Axel Schmermund1, Ulf Herold4, Tim C. Rehders2, Heinz G. Jakob4,
and Raimund Erbel1

1Department of Cardiology, West-German Heart Center Essen, University of Duisburg-Essen, Hufelandstraße 55, 45122 Essen,
Germany; 2Department of Cardiology, University of Rostock, Rostock, Germany; 3 Institute for Medical Informatics, Biometry
and Epidemiology, University of Duisburg-Essen, Essen, Germany; and 4Department of Cardio-thoracic Surgery, West-German
Heart Center Essen, University of Duisburg-Essen, Essen, Germany

Received 23 June 2005; revised 11 August 2005; accepted 19 August 2005; online publish-ahead-of-print 14 October 2005

See page 384 for the editorial comment on this article (doi:10.1093/eurheartj/ehi665)

Aims This article summarizes all available published data with respect to clinical success, compli-
cations, and outcomes of endovascular stent–graft placement among patients with descending aortic
dissection (AD).
Methods and results We performed a meta-analysis of all published series on retrograde endovascular
stent–graft placement encompassing �3 patients with AD. Thirty-nine studies, involving a total of 609
patients, were included. Procedural success was reported in 98.2+ 0.5% of patients. Major compli-
cations were reported in 11.1+ 1.4%, with the most dreaded neurologic complications in 2.9+ 0.7%
patients. Periprocedural stroke was encountered more frequently than paraplegia (1.9+ 0.6% vs.
0.8+ 0.4%). Overall complications were significantly higher in patients undergoing stent–graft place-
ment for acute AD than in patients with chronic AD (21.7+ 2.8% vs. 9.1+ 2.3%, P ¼ 0.005). The
overall 30-day mortality was 5.3+ 0.9%, and was three-fold higher in patients with acute AD when com-
pared with chronic AD (9.8+ 2.2% vs. 3.2+ 1.4%, P ¼ 0.015). In addition, 2.8+ 0.7% of patients died
over a mean follow-up period of 19.5+ 7.1 months. Kaplan–Meier analysis yielded overall survival rates
of 90.6+ 1.6% at 6 months, 89.9+ 1.7% at 1 year, and 88.8+ 1.9% at 2 years, respectively.
Conclusion Endovascular stent–graft placement in type B-AD is technically feasible with success rates of
.95% in selected cohort. Although minimally invasive, major complications occurred in 14–18% of
patients depending upon the acuity of presentation, with very low incidence of paraplegia. Both,
acute and mid-term mortality of this novel treatment strategy appear to favourably compare with sur-
gical treatment but further studies are necessary to compare stent–graft placement with medical treat-
ment in uncomplicated AD.
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Introduction

The optimal treatment strategy for patients with aortic dis-
section (AD) confined to the descending aorta (Stanford type
B-AD) remains controversial.1 Despite remarkably improved
operative techniques, surgical resection of the descending
thoracic aorta is still associated with high morbidity and
mortality.2 Contemporary operative mortality rates of elec-
tive surgery range between 0 and 27%, but may exceed 50%
in complicated AD under emergency conditions.2,3 At
present, there is consensus that patients with type B-AD
should primarily be treated medically with tight blood
pressure control, while reserving surgery for evolving com-
plications [e.g. unrelenting pain, progressive aortic dilata-
tion, malperfusion syndromes, or (imminent) rupture].1

Even without complications, the acute and long-term
prognosis of type B-AD remains sobering despite optimal
medical and surgical therapy.4 In 1999, the concept of endo-
vascular stent–graft closure of the proximal entry tear was
introduced as a novel treatment option for patients with
type B-AD.5,6 Several single-centre reports have shown tech-
nical feasibility and clinical safety, but data from larger-
scale or multi-centre, controlled trials are not yet available.
The aim of the present meta-analysis was to summarize all

available published data with respect to clinical success,
complications, and outcomes of endovascular stent–graft
placement among patients with AD.

Methods

Data sources and study selection

Using the terms aorta, dissection, and stent, a comprehensive
search of the English-language medical literature was performed
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using the MEDLINE database to identify all studies on endovascular
stent–graft treatment, which included patients with AD. All articles
published between January 1999 and May 2004 was initially con-
sidered. Bibliographies of the retrieved articles were hand-searched
for additional potentially relevant studies. A multistage assessment
was used to determine if articles would qualify for the analysis. At
the initial stage, only the abstracts were reviewed. Publications
including patients with AD undergoing retrograde endovascular
stent–graft placement into the descending thoracic aorta were
selected for data extraction. Articles reporting on antegrade, surgi-
cal (‘open’) stent–graft placement via the aortic arch were not
included. Case reports were also not included and a minimum
series of three patients with AD treated with stent–grafts was
required for inclusion. At the second stage, the full text versions
of the selected articles were reviewed for data extraction.
Multiple reports of previously listed patients were refined for data
on the most recent number of patients or data with most infor-
mation on clinical characteristics or outcomes to avoid duplicate
reporting.

Data extraction and statistical analysis

Each article was analysed with respect to 53 predefined variables
regarding clinical characteristics, procedural data, in-hospital,
and long-term outcomes using a standardized protocol (see
Appendix). Extraction of data was performed by the first author
(H.E.) and independently verified by co-authors (C.A.N., D.B.,
S.K., A.S.). Discrepancies in the interpretation of extracted data
were resolved by mutual consensus. Articles containing insufficient
data (,25% of predefined variables extractable) were excluded
from the analysis (n ¼ 1). Only data clearly obtained in patients
with AD subjected to endovascular stent–graft placement were
extracted; data concerning patients with other thoracic aortic patho-
logies (e.g. thoracic aortic aneurysms) were discarded. Unspecified
information was classified as not available. As a result, the number
of patients (denominator) varies with the specific variables reported
in the analysis.
Rates of events were calculated as the number of events divided

by the number of treated patients with available data. The
approach to calculate individual rates for different studies and to
combine these rates into a weighted average gives identical
results if the weights are defined as the proportion of available
patients provided in a specific study. To avoid potential under-
estimation of events owing to the differing patient numbers, a worst
case-model was calculated for variables with important clinical
impact (i.e. overall complications, major complications, minor com-
plications, neurologic complications, in-hospital mortality, and late
mortality). This model assumes that all reported, but unspecified
events occurred in dissection patients. Results are presented as
mean+1 standard deviation or median and range, when appro-
priate. Comparisons between patients with acute and chronic AD
were made using the two-sided x2 test for categorical variables
and two-sided Student’s t-test for continuous variables. A P-value
,0.05 was considered statistically significant. No adjustment for
multiple testing was applied as the statistical analysis was performed
in an exploratory manner. The Kaplan–Meier non-parametric method
was used to generate estimates of survival at 30 days, 6 months,
1 year, and 2 years, respectively, and compared using the log-rank
test. Only studies reporting the exact time of fatal events were
included into Kaplan–Meier analysis. The 30-daymortality of patients
undergoing stent–graft placement for acute AD was compared with
mortality of medically and surgically treated patients with acute
type B-AD from the International Registry on Aortic Dissection
(IRAD), as previously described.7

Definitions

AD was classified according to the Stanford classification.8

Dissection was considered an acute event if it occurred within the

first 14 days from onset of symptoms, whereas it was considered
chronic beyond 14 days.1 Complications were classified as major,
when life-threatening or prompting major therapeutic conse-
quences (e.g. access complications requiring surgical revision),
whereas complications that did not require further treatment
(e.g. transient renal failure not requiring dialysis) were defined as
minor. Procedural success was defined by the technically successful
deployment of the endoprosthesis at the intended target location.
Any death that occurred suddenly or could not be related to other
causes was classified as due to aortic rupture. Re-intervention was
defined as the need for any surgical conversion or additional endo-
vascular stent–graft procedures. To evaluate potential influence of
operator’s experience on outcome, studies were analysed according
to the reported total number of patients treated by endovascular
stent–graft placement, including dissections and other diseases of
the thoracic aorta (e.g. thoracic aortic aneurysms). Centres with
a published total number of patients beyond the median (.20
patients) were considered more experienced than those with total
numbers below the median. Furthermore, the results of stent–
graft placement were analysed in relation to the study publication
date. Therefore, studies were categorized into two groups:
studies published between 1999 and 2001 representing the early
experience and those published between 2002 and 2004.

Results

Study selection

Comprehensive literature search identified 330 citations
published within the predetermined time span of the analy-
sis. Of these, 47 studies met the inclusion criteria and were
selected for data extraction. Careful review identified seven
of these articles as potential duplicate publications. A single
publication was excluded for insufficient data.9 The remain-
ing 39 studies5,6,10–46 provided the basis for the current
analysis comprising of 1007 patients subjected to endo-
vascular stent–graft repair of the thoracic aorta, 609
(60.5%) of which had AD (Table 1 ).

Patient population

Characteristics of the selected patient population are given
in Table 2. The majority of patients underwent endovascular
stent–graft placement for type B-AD (96.0%); 4% of the
patients had retrograde type A-AD with an entry tear in
the descending aorta. Of note, a substantial proportion of
patients (16.1%) had evidence of (contained) aortic
rupture as evidenced by periaortic collection of blood and
underwent emergency procedures.

Procedural data and in-hospital course

Procedural success was obtained in 98.2+ 0.5% of patients
(Table 3 ). Emergency surgical conversion was required in
1.1+ 0.4% (Table 3 ). In another 1.2+ 0.4% of patients, elec-
tive surgical conversion was performed during the in-hospital
period, accounting for a total in-hospital conversion rate of
2.3+ 0.6%. In-hospital complications were reported in
13.6+ 1.5% of patients (worst-case estimate: 17.6+ 1.4%)
(Tables 3 and 4 ). Complications were predominantly of
major clinical significance (11.1+ 1.4%, worst-case esti-
mate: 10.2+ 1.2%), whereas minor complications were
reported less frequently (2.5+ 0.7%, worst-case estimate:
7.4+ 0.9%). The most critical in-hospital complications
were related to retrograde extension of the dissection into
the ascending aorta (1.9+ 0.6%) and neurologic
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Table 1 Detailed overview over the analysed reports

Author Year Patients
with AD
(n )

Proc.
success
(n )

Emergency
conversion
(n )

Overall
complications
(n )

Major
complications
(n )

Overall neurologic
complications
(n )

Paraplegia
(n )

30-day
mortality
(n )

Late surgical
conversion
(n )

Aortic rupture
during
follow-up (n )

Late mortality
during
follow-up (n )

Dake5 1999 19 19/19 0 4 3 0 0 3 0 0 0
Nienaber6 1999 12 12/12 0 0 0 0 0 0 0 0 0
Czermak10 2000 7 6/7 0 2 2 0 0 0 1 0 1
Hausegger11 2001 5 5/5 0 1 0 0 0 0 0 0 0
Kang12 2001 6 6/6 0 0 0 0 0 0 0 0 0
Sailer13 2001 7 7/7 0 n.a. n.a. 0 0 0 0 0 0
Taylor14 2001 6 6/6 0 1 1 n.a. 0 1 0 0 n.a.
Tiesenhausen15 2001 4 4/4 0 0 0 0 0 0 0 0 0
White16 2001 9 9/9 0 0 0 0 0 0 0 0 1
Won17 2001 12 10/12 0 n.a. n.a. 0 0 0 0 0 n.a.
Bortone18 2002 12 12/12 0 1 1 0 0 1 0 0 0
Cambria18 2002 4 4/4 0 n.a. n.a. 0 0 0 0 0 n.a.
Duda20 2002 5 5/5 1 1 1 0 0 0 0 0 n.a.
Haulon21 2002 4 4/4 0 2 2 1 0 2 0 0 0
Herold22 2002 18 18/18 0 3 1 0 0 1 0 2 2
Hutschala23 2002 9 9/9 0 1 1 1 1 0 0 0 0
Kato24 2002 38 38/38 0 9 7 1 0 2 2 1 0
Nienaber25 2002 127 127/127 0 4 3 2 1 2 n.a. 3 2
Palma26 2002 58 n.a. 2 n.a. n.a. n.a. 0 n.a. 3 2 n.a.
Pamler27 2002 14 14/14 2 4 3 1 1 0 0 0 1
Quinn28 2002 15 15/15 0 3 2 0 0 4 0 0 1
Rousseau29 2002 20 20/20 1 2 2 1 0 2 1 1 0
Saccani30 2002 3 3/3 0 1 1 0 0 0 0 0 1
Shim31 2002 15 14/15 0 0 0 0 0 1 2 0 1
Totaro32 2002 25 25/25 1 n.a. n.a. 0 0 0 0 0 0
Balzer33 2003 8 7/8 0 n.a. n.a. 0 0 0 0 0 0
Beregi34 2003 12 11/12 0 4 2 1 0 2 0 1 1
Fattori35 2003 22 22/22 0 1 1 0 0 1 2 1 0
Gerber36 2003 3 3/3 0 1 1 0 0 1 0 0 0
Grabenwöger37 2003 11 11/11 0 2 2 1 1 0 0 0 0
Krogh-

Sorensen38
2003 3 3/3 0 0 0 0 0 0 0 0 0

Lambrechts39 2003 11 11/11 0 n.a. n.a. 0 0 0 0 0 2
Lonn40 2003 20 20/20 0 10 10 5 1 3 0 0 0
Lopera41 2003 10 9/10 0 2 2 1 0 0 0 2 1
Matravers42 2003 9 8/9 0 1 1 0 0 2 0 1 0
Nienaber43 2003 11 11/11 0 1 1 0 0 0 0 0 0
Ramaiah44 2003 20 20/20 0 n.a. n.a. n.a. 0 n.a. 0 0 n.a.
Ianelli45 2004 8 8/8 0 n.a. n.a. 0 0 0 0 0 0
Scheinert46 2004 7 7/7 0 n.a. n.g. n.a. 0 n.a. 1 0 0

All 609 543/551
(98.5%)

7/609
(1.2%)

61/449
(13.6%)

50/449
(11.1%)

15/518
(2.9%)

5/609
(0.8%)

28/524
(5.3%)

12/482
(2.5%)

14/609
(2.3%)

14/504
(2.8%)

Stent-graft
treatm

ent
of

A
D
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complications (2.9+ 0.7%, worst case estimate:
3.4+ 0.7%). Concerning neurologic complications, peripro-
cedural stroke occurred in 1.9+ 0.6% of patients (worst-
case estimate: 2.6+ 0.6%), whereas paraplegia was encoun-
tered in five of the 609 (0.8+ 0.4%) patients.
Twenty-seven of 524 patients with available data died

during the in-hospital period (Table 3 ), yielding an overall
in-hospital mortality rate of 5.2+ 0.9% (worst-case esti-
mate: 6.2+ 0.9%, Table 4 ). Within the 30-day period,
there was one additional death, yielding a 30-day (operat-
ive) mortality rate of 5.3+ 0.9%.

Follow-up data

Some follow-up information was available for all 609 patients
(Table 5 ). However, the time to follow-up (mean 19.5+ 7.1
months)was available for only 561 patients. False lumen throm-
bosis was reported in 75.5+ 2.4% of patients (Table 5 ). In
2.5+ 0.7% patients, late surgical conversion was required,
and in addition, 4.6+ 0.9% of patients adjunctive endovascular
stent–graft procedures were performed. Thus, the total
re-intervention rate was 11.9+ 0.2% over the follow-up
period of 19.5+ 7.1 months, including the index
hospitalization.

Table 2 Patient characteristics

Data available (n ) Number of events or cases (n%)

Total numbers of studies included 39 —
Total number of patients reported 1007 —
Number of patients with AD 609 60.5%
Number of patients with AD
per study

39 11 (3–127)a

Patient age (years) 442 61.0
Male gender 240 182 (75.8+ 2.6%)
Acute dissection 427 248 (58.1+ 1.8%)
Presenting with rupture 491 79 (16.1+ 1.2%)

aMedian.

Table 3 In-hospital data

Data available (n ) Number of events (n%)

Procedure success 551 543 (98.5+ 0.5%)
Number of stent-grafts per patient 261 1.3
Surgical conversion 609 7 (2.3+ 0.6%)
Adjunctive endovascular procedures 324 5 (1.5+ 0.6%)
Overall complications 449 61 (13.6+ 1.5%)
Major complications 449 50 (11.2+ 1.4%)
Minor complications 449 11 (2.4+ 0.7%)
Procedure-related complications 429 29 (6.8+ 1.2%)
Retrograde type A-AD 429 8 (1.9+ 0.6%)
Access complications 429 10 (2.3+ 0.7%)

Neurologic complications 518 15 (2.9+ 0.7%)
Stroke 518 10 (1.9+ 0.6%)
Paraplegia 609 5 (0.8+ 0.4%)

In-hospital mortality 524 27 (5.2+ 0.9%)
In-hospital mortality, procedure related 397 9 (2.3+ 0.7%)
In-hospital mortality, non-procedure related 397 16 (4.0+ 0.9%)
30-day mortality 524 28 (5.3+ 0.9%)

Table 4 Worst-case estimates

Data available (n ) Number of events (n )

Overall in-hospital complications 585 103 (17.6+ 1.4%)
Major complications during index hospitalization 585 60 (10.2+ 1.2%)
Minor complications during index hospitalization 585 43 (7.4+ 0.9%)
Neurologic complications during index 609 21 (3.4+ 0.7%)
hospitalization
Stroke 609 16 (2.6+ 0.6%)

In-hospital mortality 609 38 (6.2+ 0.9%)
Additional late mortality over 19.5+ 7.1 months 609 25 (4.1+ 0.9%)
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Aortic rupture occurred in 2.3+ 0.6% of patients during
follow-up. A total of 2.8+ 0.7% of patients (all cause mor-
tality) died (worst-case estimate 4.1+ 0.9%) during
follow-up. Figure 1 shows survival rates for all patients in
whom the exact time to death was available in Kaplan–
Meier format. The survival rates were 93.3+ 1.4% at 30
days, 90.6+ 1.6% at 6 months, 89.9+ 1.7% at 1 year, and
88.8+ 1.9% at 2 years, respectively.

Results of stent–graft placement in relation
to publication date

Reported technical success rates were lower in the early
studies published between 1999 and 2001 when compared
with more recent studies published between 2002 and 2004
(Table 6 ). In contrast, overall complications and neurologic
complication rates in particular were higher in the more
recently published studies. There was no difference in oper-
ative or 1 year-mortality between both groups (Table 6 ).

Influence of operator’s experience

There was evidence of an influence of operator’s experience
and expertise on the in-hospital outcome. Centres with a
total number of patients beyond the median had better
results than centres with low numbers of treated patients
(Table 7 ).

Acute vs. chronic dissection

Of the total 39 studies, 36 specified whether patients under-
went stent–graft placement for acute or chronic AD
(Table 7 ). Most studies (56%) reported on the treatment of
patients with both acute and chronic AD. Twelve (33%)
studies reported exclusively on patients with acute AD,
whereas 4 (11%) only on patients with chronic dissections.
Although significantly younger, in-hospital complications
were documented more often in patients undergoing
stent–graft placement for acute AD when compared with
patients with chronic AD (21.7+ 2.8% vs. 9.1+ 2.3%,
P ¼ 0.005, Table 7 ). Particularly, major complications
were reported more frequently in patients with acute AD
(14.5+ 2.6% vs. 7.9+ 2.1%, P ¼ 0.124, Table 7 ). Figure 2
depicts the 30-day mortality in patients with acute type
B-AD undergoing stent–graft placement in comparison with
medically and surgically treated type B-AD patients
derived from IRAD.7 The 30-day mortality of patients under-
going stent–graft treatment for acute AD was higher than for
chronic AD (9.8+ 2.2% vs. 3.2+ 1.4%, P ¼ 0.015, Figure 3 ),
but failed to differ anymore at 1 year after stent–grafting
(P ¼ 0.088 vs. chronic AD). The overall survival rates for
patients with acute AD were 90.2+ 2.2% at 30 days,
87.4+ 2.1% at 6 months, and remained at 87.4+ 2.1% at
2 years, respectively. Survival rates for patients with
chronic AD were 96.8+ 1.4% at 30 days, 94.3+ 1.9% at
6 months, 92.7+ 2.1% at 1 year, and 91.1+ 2.6% at 2
years, respectively (Table 8).

Discussion

At present, most institutions favour a ‘complication-
specific’ approach for type B-AD patients with medical
anti-hypertensive treatment and the use of beta-blockers
as the primary therapy, whereas reserving surgery for recur-
rent pain, life-threatening complications, or rapid aortic
expansion.1 The concept of the third available treatment
option, i.e. endovascular stent–graft placement, was pro-
pelled by the desire to induce aortic remodelling by
sealing the proximal entry tear, at the same time avoiding
the risks associated with open surgery.47 This rationale was
originally based on the clinical observation that patients
with spontaneous thrombosis of the false lumen have a
better long-term prognosis than without.4 Conversely, per-
sistent perfusion of the false lumen has been identified as
an independent predictor of progressive aortic enlargement
and adverse long-term outcome.48 Nevertheless, spon-
taneous thrombosis of the false lumen is a rare observation
(�4% of patients)4 and most often requires surgical inter-
ventions to exclude it from the true lumen.

Figure 1 Kaplan–Meier estimate of overall survival.

Table 5 Follow-up data over 19.5+ 7.1 months after stent–graft placement

Data available (n ) Number of events (n )

Duration of follow-up (months) 561 19.5+ 7.1
False lumen thrombosis 237 179 (75.5+ 2.4%)
Late surgical conversion 482 12 (2.5+ 0.7%)
Adjunctive endovascular procedures 511 24 (4.6+ 0.9%)
Late complications 442 18 (4.1+ 0.8%)
Late mortality 504 14 (2.8+ 0.7%)
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Our meta-analysis encompassing 609 type B-dissection
patients demonstrates that endovascular stent–graft treat-
ment of AD is feasible and can be performed with technical
success rates of.95%. Furthermore, the acute and mid-term

survival of about 90% at 2 years following stent–graft place-
ment appear to favourably compare with medically and sur-
gically treated type B-AD patients, although, in the absence
of randomization-direct comparison with medical and

Table 7 Influence of endovascular experience

Data available (n ) P

Endovascular experience
�20 patients
(n ¼ 211)

Endovascular experience
.20 patients
(n ¼ 398)

Number of centers 10 29 —
Patients/center (median) 14 (4–20) 31 (22–127) —
Procedural success 211 98.1+ 0.9% 340 98.8+ 0.5% ,0.001
Overall complications 196 20.9+ 2.7% 261 7.7+ 1.6% ,0.001
Neurologic complications 211 5.7+ 1.5% 307 1.0+ 0.5% ,0.001
30-day mortality 211 8.5+ 1.8% 313 3.2+ 1.0% ,0.001a

1-year survival 186 88.0+ 2.4% 156 92.2+ 2.2% 0.13a

aLog-rank test.

Figure 2 Kaplan–Meier estimates of 30-day mortality of patients with acute
type B-AD (—————, n ¼ 184) in comparison with medically (———, n ¼ 140), and
surgically (-----, n ¼ 35) treated patients derived from IRAD.7

Table 6 Results of stent-graft placement in relation to publication date

Data available (n ) P

Publication date 1999–2001
(n ¼ 87)

Publication date 2002–2004
(n ¼ 522)

Number of publications 10 29 —
Patients/center (median) 9 (5–19) 18 (3–127) —
Procedural success 87 96.6+ 1.8% 464 98.9+ 0.4% ,0.001
Overall complications 68 11.8+ 3.7% 381 13.9+ 1.6% ,0.001
Neurologic complications 81 0% 437 3.4+ 0.8% ,0.001
30-day mortality 69 4.3+ 2.5% 273 7.3+ 1.6% 0.38a

1-year survival 69 92.7+ 3.1% 273 89.4+ 1.9% 0.40a

aLog-rank test.

Figure 3 Kaplan–Meier estimates of survival of patients undergoing stent-graft
placement for acute AD (A) in comparison to patients with chronic AD (4).
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surgical treatment strategies is not possible as patient selec-
tion may differ. However, despite higher incidence of aortic
rupture, the outcomes of stent–graft placement appear to
be in the range of medically treated patients which—at
least—suggests that stent–graft placement is not associated
with increased mortality.
Neurologic complications and paraplegia in particular

remain the most dreadful potential complications of
stent–graft placement as for surgical repair of type B dissec-
tion. At present, the exact mechanism is not completely
understood; however, occlusion of numerous critical inter-
costal arteries (Adamkiewicz artery) by stent–grafts is com-
monly believed to determine an increased risk of
paraplegia.35 Particularly simultaneous abdominal and thor-
acic aortic repair with loss of lumbar and intercostal arteries
appears to pose an increased risk of spinal cord damage
caused by insufficient collateral circulation.49 Our analysis
shows that the overall risk of neurologic complications
with stent–grafting ranges between 2.9 and 3.4%. The 1%
risk of paraplegia appears to be remarkably low, considering
that contemporary studies have suggested the risk of para-
plegia after surgical repair of the descending thoracic
aorta to be between 7 and 36%.2 Data on perioperative
stroke following surgical repair of type B-AD are less well
known. Our data demonstrate that stroke occurred in
1.9–2.6% of patients following stent–graft treatment. It is
commonly believed that stroke occurs because of manipu-
lation of guidewire or stent–graft delivery system within
the aortic arch. Further technical developments and minia-
turization of the relatively rigid stent–graft devices will
hopefully help to reduce the risk of periprocedural stroke.
Although the favourable survival and the low incidence of

neurologic complications appear to be somewhat encoura-
ging in these initial experiences, it should be noted that
in-hospital complications were encountered in 14–18% of
patients. About half of these complications were related
directly to the procedure itself. Patients undergoing stent–
graft placement for acute dissections were found to be at
higher risk of death and major complications than those

with chronic AD despite their younger age. However, it
should be recognized that in patients with acute AD implan-
tation of stent–grafts is often prompted by complications of
the dissection making the acute AD patients more prone for
higher complications and lower survival when compared
with stable patients with chronic AD undergoing elective
stent–graft placement.
Our analysis suggests a strong influence of operator’s

experience on the results of stent–graft placement.
Centres that reported an overall endovascular experience
of more than 20 patients treated with stent–grafts had sig-
nificantly higher success rates and fewer complications than
less experienced centres. Over time, technical success rates
have improved. At the same time, however, overall compli-
cations and neurologic complications in particular have
increased. One may speculate that with growing confidence
in the technical performance, the indication of stent–graft
placement has been gradually expanded to treat high-risk
patients who are more prone for complications.
With growing experience in endovascular stent–graft

treatment the spectrum of acute and mid-term compli-
cations has broadened to include potentially disastrous
events, other than paraplegia or stroke.50 Anecdotal case
reports have highlighted the risk of retrograde extension
of the dissection into the ascending aorta, potentially
caused by stent–graft induced intimal injury.51 This analysis
demonstrates that retrograde type A-AD occurs in about 2%
of patients during the in-hospital period, and occurs in a
similar proportion during the follow-up. This emphasizes
the importance of lifelong clinical and imaging surveillance
following endovascular stent–graft treatment.
Our meta-analysis highlights some other technical limit-

ations of endovascular stent–graft placement in type B-AD.
Stent–grafting fails to abolish the false lumen in about a
quarter of patients suggesting that it perhaps may not be
a definitive treatment for type B-AD. Even in the presence
of thrombosed thoracic false lumen, the distal thoracic or
abdominal aorta may enlarge during follow-up. Thus, there
is a continued risk of aortic rupture (about 2% during

Table 8 Comparison of acute vs. chronic dissection

Data available (n ) P

Acute AD
(n ¼ 248)

Chronic AD
(n ¼ 197)

Age (years) 192 59.7+ 5.7 94 67.7+ 7.0 ,0.001
Male gender 123 78.9+ 3.4% 78 74.4+ 4.4% 0.570
Procedure success 213 93.4+ 0.9% 174 96.0+ 1.2% 0.381
In-hospital surgical conversion 213 1.4+ 0.7% 174 2.3+ 1.0% 0.787
Overall complications 180 21.7+ 2.8% 132 9.1+ 2.3% 0.005
Major complications 166 14.5+ 2.6% 126 7.9+ 2.1% 0.124
Minor complications 157 6.4+ 1.7% 120 1.7+ 1.1% 0.142
Procedure-related complications 157 8.3+ 2.0% 120 8.3+ 2.3% 0.838
Retrograde type A-AD 171 1.8+ 0.9% 146 3.4+ 1.4% 0.558
Access complications 157 3.8+ 1.3% 120 1.7+ 1.1% 0.484

Neurologic complications 188 2.1+ 1.0% 166 1.8+ 0.9% 0.868
Stroke 188 1.1+ 0.7% 166 1.2+ 0.7% 0.705
Paraplegia 234 0.9+ 0.6% 174 0.5+ 0.5% 0.796

30-day mortality 184 9.8+ 2.2% 158 3.2+ 1.4% 0.015a

1-year survival rate 117 87.4+ 2.1% 109 92.7+ 2.1% 0.088a

aLog-rank test.
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follow-up) after stent–graft placement and a need for
adjunctive stent–graft placement or conversion to open
surgery in about 12% of patients over time. Nevertheless,
the incidence of aortic rupture and the need of repeat endo-
vascular or surgical interventions may also be related to pro-
gression of the disease itself, and may not necessarily reflect
treatment failure. This is supported by the fact that 11–20%
and 10–44% of type B-AD patients need repeat surgery when
treated medically or surgically, respectively.2,48

Strengths and limitations

Our analysis is the first to provide an overview of the currently
available literature on endovascular stent–graft placement in
type B-AD, an emerging treatment option for this potentially
lethal disease. Although not prospective and randomized com-
parison with other treatment strategies for patients with type
B-AD, it provides an important insight into the technical
success, its potential advantages and complications, and survi-
val rates. Nevertheless, our analysis should be viewed in the
light of its limitations. This meta-analysis is a selection of
patients from relatively small, observational series that may
represent a selected group of patients rather than a representa-
tive set of patients with AD. The predominance of reported
major complications may reflect a selection bias. So far, only
short- tomid-term follow-up data are available. Long-term out-
comes need to be evaluated. The currently available data on

follow-up outcomes also fail to provide morphological follow-
up and rather focus on clinical endpoints. A distinction
between a careful morpho-anatomical long-term surveillance
and a clinical prognostic follow-up is missing and greatly
awaited to analyse any causal relationship betweenmorphology
(successful stent–graft-induced aortic reconstruction) and
outcomes of patients.

Conclusion

Our meta-analysis suggests that stent–graft placement of
type B-AD is feasible with technical success rates of .95%.
Although challenges remain, our analysis suggests favourable
neurologic complication and survival rates when compared
with those previously reported for surgical treatment of AD.
Nevertheless, our data highlight an urgent need to assess
the efficacy of currently available therapeutic options for
patients with type B-AD, i.e. medical therapy, surgery, and
stent–graft placement, in future randomized clinical trials.
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Appendix

List of variables abstracted from each article (if available)

Patient characteristics Procedural data
Number of patients with dissection Use of general anesthesia
Total number of patients reported Number of stent-grafts per patient
Age Stent-graft diameter
Gender Stent-graft length
Type of dissection Procedure success
Acuity of dissection Need for emergent surgical conversion
Presence of (contained) aortic rupture Procedure time
Cardiovascular risk factors Fluoroscopy time
Medical comorbidities Amount of contrast media

In-hospital data Follow-up data
Overall complications Duration of follow-up
Major complications Need for late surgical conversion
Minor complications Adjunctive endovascular procedure during follow-up
Procedure-related complications Late complications
Retrograde type A-dissection Late neurologic complications
Access complications Late retrograde type A-dissection
Myocardial complications Aortic rupture during follow-up
Renal complications False lumen thrombosis
Visceral complications Stent migration
Pulmonary complications Shrinkage of false lumen diameter
Overall neurologic complications Increase of true lumen diameter
Paraplegia 30-day mortality
Stroke Overall late mortality during follow-up
Need for early surgical conversion Aorta-related late mortality
Adjunctive endovascular procedure Non-aorta related late mortality
Length of intensive care unit stay
Length of hospital stay
Overall in-hospital mortality
Aorta-related mortality
Non-aorta related mortality

496 H. Eggebrecht et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article/27/4/489/485456 by guest on 20 August 2022



References

1. Erbel R, Alfonso F, Boileau C, Dirsch O, Eber B, Haverich A, Rakowski H,
Struyven J, Radegran K, Sechtem U, Taylor J, Zollikofer C, Klein WW,
Mulder B, Providencia LA. Diagnosis and management of aortic dissection.
Eur Heart J 2001;22:1642–1681.

2. Umana JP, Miller DC, Mitchell RS. What is the best treatment for patients
with acute type B aortic dissections—medical, surgical, or endovascular
stent–grafting? Ann Thorac Surg 2002;74:S1840–S1843.

3. Brandt M, Hussel K, Walluscheck KP, Muller-Hulsbeck S, Jahnke T,
Rahimi A, Cremer J. Stent–graft repair versus open surgery for the des-
cending aorta: a case-control study. J Endovasc Ther 2004;11:535–538.

4. Erbel R, Oelert H, Meyer J, Puth M, Mohr-Katoly S, Hausmann D, Daniel W,
Maffei S, Caruso A, Covino FE. Effect of medical and surgical therapy on
aortic dissection evaluated by transesophageal echocardiography.
Implications for prognosis and therapy. The European Cooperative Study
Group on Echocardiography. Circulation 1993;87:1604–1615.

5. Dake MD, Kato N, Mitchell RS, Semba CP, Razavi MK, Shimono T, Hirano
T, Takeda K, Yada I, Miller DC. Endovascular stent–graft placement for
the treatment of acute aortic dissection. N Engl J Med 1999;340:
1546–1552.

6. Nienaber CA, Fattori R, Lund G, Dieckmann C, Wolf W, von Kodolitsch Y,
Nicolas V, Pierangeli A. Nonsurgical reconstruction of thoracic
aortic dissection by stent–graft placement. N Engl J Med 1999;340:
1539–1545.

7. Hagan PG, Nienaber CA, Isselbacher EM, Bruckman D, Karavite DJ,
Russman PL, Evangelista A, Fattori R, Suzuki T, Oh JK, Moore AG,
Malouf JF, Pape LA, Gaca C, Sechtem U, Lenferink S, Deutsch HJ,
Diedrichs H, Robles J, Llovet A, Gilon D, Das SK, Armstrong WF,
Deeb GM, Eagle KA. The International Registry of Acute Aortic
Dissection (IRAD): new insights into an old disease. JAMA 2000;
283:897–903.

8. Crawford ES, Svensson LG, Coselli JS, Safi HJ, Hess KR. Surgical treatment
of aneurysm and/or dissection of the ascending aorta, transverse aortic
arch, and ascending aorta and transverse aortic arch. Factors influencing
survival in 717 patients. J Thorac Cardiovasc Surg 1989;98:659–673.

9. Buffolo E, da Fonseca JH, de Souza JA, Alves CM. Revolutionary treat-
ment of aneurysms and dissections of descending aorta: the endovascular
approach. Ann Thorac Surg 2002;74:S1815–S1817.

10. Czermak BV, Waldenberger P, Fraedrich G, Dessl AH, Roberts KE, Bale RJ,
Perkmann R, Jaschke WR. Treatment of Stanford type B aortic dissection
with stent–grafts: preliminary results. Radiology 2000;217:544–550.

11. Hausegger KA, Tiesenhausen K, Schedlbauer P, Oberwalder P, Tauss J,
Rigler B. Treatment of acute aortic type B dissection with stent–grafts.
Cardiovasc Intervent Radiol 2001;24:306–312.

12. Kang SG, Lee DY, Maeda M, Kim ES, Choi D, Kim BO, Yoon HK, Sung KB,
Song HY. Aortic dissection: percutaneous management with a separating
stent–graft—preliminary results. Radiology 2001;220:533–539.

13. Sailer J, Peloschek P, Rand T, Grabenwoger M, Thurnher S, Lammer J.
Endovascular treatment of aortic type B dissection and penetrating
ulcer using commercially available stent–grafts. Am J Roentgenol
2001;177:1365–1369.

14. Taylor PR, Gaines PA, McGuinness CL, Cleveland TJ, Beard JD, Cooper G,
Reidy JF. Thoracic aortic stent grafts—early experience from two centres
using commercially available devices. Eur J Vasc Endovasc Surg 2001;
22:70–76.

15. Tiesenhausen K, Amann W, Koch G, Hausegger KA, Oberwalder P, Rigler B.
Endovascular stent–graft repair of acute thoracic aortic dissection—early
clinical experiences. Thorac Cardiovasc Surg 2001;49:16–20.

16. White RA, Donayre CE, Walot I, Lippmann M, Woody J, Lee DY, Kim N,
Kopchok GE, Fogarty TJ. Endovascular exclusion of descending thoracic
aortic aneurysms and chronic dissections: initial clinical results with
the AneurRX device. J Vasc Surg 2001;33:927–934.

17. Won JY, Lee DY, Shim WH, Chang BC, Park SI, Yoon CS, Kwon HM, Park BH,
Jung GS. Elective endovascular treatment of descending thoracic aortic
aneurysms and chronic dissections with stent–grafts. J Vasc Interv
Radiol 2001;12:575–582.

18. Bortone AS, Schena S, D’Agostino D, Dialetto G, Paradiso V, Mannatrizio G,
Fiore T, Cotrufo M, Luca Tupputi SL. Immediate versus delayed endovas-
cular treatment of post-traumatic aortic pseudoaneurysms and type B
dissections: retrospective analysis and premises to the upcoming
European trial. Circulation 2002;106:I234–I240.

19. Cambria RP, Brewster DC, Lauterbach SR, Kaufman JL, Geller S, Fan CM,
Greenfield A, Hilgenberg A, Clouse WD. Evolving experience with thoracic
aortic stent graft repair. J Vasc Surg 2002;35:1129–1136.

20. Duda SH, Pusich B, Raygrotzki S, Uckmann FP, Aebert H, Tepe G, Pereira P,
Feuls R, Ziemer G, Claussen CD. Endovascular implantation of stent–
grafts in the thoracic aorta-mid-term results of a prospective controlled
study. Rofo Fortschr Geb Rontgenstr Neuen Bildgeb Verfahr 2002;
174:485–489.

21. Haulon S, Koussa M, Beregi JP, Decoene C, Lions C, Warembourg H.
Stent–graft repair of the thoracic aorta: short-term results. Ann Vasc
Surg 2002;16:700–707.

22. Herold U, Piotrowski J, Baumgart D, Eggebrecht H, Erbel R, Jakob H.
Endoluminal stent graft repair for acute and chronic type B aortic dissec-
tion and atherosclerotic aneurysm of the thoracic aorta: an inter-
disciplinary task. Eur J Cardiothorac Surg 2002;22:891–897.

23. Hutschala D, Fleck T, Czerny M, Ehrlich M, Schoder M, Lammer J, Wolner
E, Grabenwoger M. Endoluminal stent–graft placement in patients
with acute aortic dissection type B. Eur J Cardiothorac Surg 2002;21:
964–969.

24. Kato N, Shimono T, Hirano T, Suzuki T, Ishida M, Sakuma H, Yada I, Takeda K.
Midterm results of stent–graft repair of acute and chronic aortic dissection
with descending tear: the complication-specific approach. J Thorac
Cardiovasc Surg 2002;124:306–312.

25. Nienaber CA, Ince H, Petzsch M, Rehders T, Korber T, Schneider H, Weber F.
Endovascular treatment of thoracic aortic dissection and its variants.
Acta Chir Belg 2002;102:292–298.

26. Palma JH, de Souza JA, Rodrigues Alves CM, Carvalho AC, Buffolo E.
Self-expandable aortic stent–grafts for treatment of descending aortic
dissections. Ann Thorac Surg 2002;73:1138–1141.

27. Pamler RS, Kotsis T, Gorich J, Kapfer X, Orend KH, Sunder-Plassmann L.
Complications after endovascular repair of type B aortic dissection.
J Endovasc Ther 2002;9:822–828.

28. Quinn SF, Duke DJ, Baldwin SS, Bascom TH, Ruff SJ, Swangard RJ,
DeHaas DR, Padgett RC, Bergin PJ, Lau S. Percutaneous placement of a
low-profile stent–graft device for aortic dissections. J Vasc Interv Radiol
2002;13:791–798.

29. Rousseau H, Otal P, Kos X, Soula P, Bouchard L, Massabuau P, Chabbert V,
Chemla P, Joffre F. Endovascular treatment of thoracic dissection. Acta
Chir Belg 2002;102:299–306.

30. Saccani S, Ugolotti U, Larini P, Marcato C, Squarcia G, Gherli T. New
perspectives for the treatment of thoracic aortic aneurysm with
self-expanding endoprostheses. Preliminary experience. J Cardiovasc
Surg (Torino) 2002;43:51–54.

31. Shim WH, Koo BK, Yoon YS, Choi D, Jang Y, Lee DY, Chang BC. Treatment
of thoracic aortic dissection with stent–grafts: midterm results. J Endo-
vasc Ther 2002;9:817–821.

32. Totaro M, Mazzesi G, Marullo AG, Neri E, Fanelli F, Miraldi F. Endoluminal
stent grafting of the descending thoracic aorta. Ital Heart J 2002;3:
366–369.

33. Balzer JO, Doss M, Thalhammer A, Fieguth HG, Moritz A, Vogl TJ. Urgent
thoracic aortal dissection and aneurysm: treatment with stent–graft
implantation in an angiographic suite. Eur Radiol 2003;13:2249–2258.

34. Beregi JP, Haulon S, Otal P, Thony F, Bartoli JM, Crochet D, Lacombe P,
Bonneville JF, Besse F, Douek P, Heautot JF, Rousseau H. Endovascular treat-
ment of acute complications associated with aortic dissection: midterm
results from a multicenter study. J Endovasc Ther 2003;10:486–493.

35. Fattori R, Napoli G, Lovato L, Grazia C, Piva T, Rocchi G, Angeli E, Di
Bartolomeo R, Gavelli G. Descending thoracic aortic diseases: stent–
graft repair. Radiology 2003;229:176–183.

36. Gerber M, Immer FF, Do DD, Carrel T, Schmidli J. Endovascular stent–
grafting for diseases of the descending thoracic aorta. Swiss Med Wkly
2003;133:44–51.

37. Grabenwoger M, Fleck T, Czerny M, Hutschala D, Ehrlich M, Schoder M,
Lammer J, Wolner E. Endovascular stent–graft placement in patients
with acute thoracic aortic syndromes. Eur J Cardiothorac Surg 2003;
23:788–793.

38. Krohg-Sorensen K, Hasahl G, Fosse E, Geiran OR. Acceptable short-term
results after endovascular repair of diseases of the thoracic aorta in
high risk patients. Eur J Cardiothorac Surg 2003;24:379–387.

39. Lambrechts D, Casselman F, Schroeyers P, De Geest R, D’Haenens P,
Degrieck I. Endovascular treatment of the descending thoracic aorta.
Eur J Vasc Endovasc Surg 2003;26:437–444.

40. Lonn L, Delle M, Falkenberg M, Lepore V, Klingenstierna H, Radberg G,
Risberg B. Endovascular treatment of type B thoracic aortic dissections.
J Card Surg 2003;18:539–544.

41. Lopera J, Patino JH, Urbina C, Garcia G, Alvarez LG, Upegui L, Jhanchai A,
Qian Z, Castaneda-Zuniga W. Endovascular treatment of complicated
type-B aortic dissection with stent–grafts: midterm results. J Vasc Interv
Radiol 2003;14:195–203.

Stent-graft treatment of AD 497

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article/27/4/489/485456 by guest on 20 August 2022



42. Matravers P, Morgan R, Belli A. The use of stent grafts for the treatment
of aneurysms and dissections of the thoracic aorta: a single centre
experience. Eur J Vasc Endovasc Surg 2003;26:587–595.

43. Nienaber CA, Ince H, Weber F, Rehders T, Petzsch M, Meinertz T,
Koschyk DH. Emergency stent–graft placement in thoracic aortic dissec-
tion and evolving rupture. J Card Surg 2003;18:464–470.

44. Ramaiah V, Rodriguez-Lopez J, Diethrich EB. Endografting of the thoracic
aorta. J Card Surg 2003;18:444–454.

45. Iannelli G, Piscione F, Di Tommaso L, Monaco M, Chiariello M, Spampinato N.
Thoracic aortic emergencies: impact of endovascular surgery. Ann Thorac
Surg 2004;77:591–596.

46. Scheinert D, Krankenberg H, Schmidt A, Gummert JF, Nitzsche S,
Scheinert S, Braunlich S, Sorge I, Krakor R, Biamino G, Schuler G,
Mohr FW. Endoluminal stent–graft placement for acute rupture of the
descending thoracic aorta. Eur Heart J 2004;25:694–700.

47. Nienaber CA, Erbel R, Ince H. Nihil nocere on the rocky road to endovascular
stent–graft treatment. J Thorac Cardiovasc Surg 2004;127: 620–621.

48. Bernard Y, Zimmermann H, Chocron S, Litzler JF, Kastler B, Etievent JP,
Meneveau N, Schiele F, Bassand JP. False lumen patency as a
predictor of late outcome in aortic dissection. Am J Cardiol 2001;87:
1378–1382.

49. Mitchell RS, Miller DC, Dake MD, Semba CP, Moore AG, Sakai T. Thoracic
aortic aneurysm repair with an endovascular stent–graft: the ‘first’
generation. Ann Thorac Surg 1999;67:1971–1974.

50. Eggebrecht H, Baumgart D, Radecke K, von Birgelen C, Treichel U,
Herold U, Hunold P, Gerken G, Jakob H, Erbel R. Aortoesophageal
fistula secondary to stent–graft repair of the thoracic aorta. J Endovasc
Ther 2004;11:161–167.

51. Eggebrecht H, Schmermund A, Herold U, Lind A, Bartel T, Buck T,
Martini S, Kuhnt O, Kienbaum P, Barkhausen J, Jakob H, Erbel R.
Rapid progression of discrete type a intramural hematoma:
prevention of a ‘procedure-related’ complication by intraoperative
transesophageal echocardiography. J Endovasc Ther 2005;12:
252–257.

498 H. Eggebrecht et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article/27/4/489/485456 by guest on 20 August 2022


