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Background-—Retrograde type A aortic dissection (RTAD) is a potentially lethal complication after thoracic endovascular aortic
repair (TEVAR). However, data are limited regarding the development of RTAD post-TEVAR. This systematic review aims to define
the incidence, mortality, and potential risk factors of RTAD post-TEVAR.

Methods and Results-—Multiple electronic searches were performed. Fifty publications with a total of 8969 patients were
analyzed. Pooled estimates for incidence and mortality of RTAD were 2.5% (95% confidence interval [CI], 2.0–3.1) and 37.1% (95%
CI, 23.7–51.6), respectively. Metaregression analysis evidenced that RTAD rate was associated with hypertension (P=0.043),
history of vascular surgery (P=0.042), and American Surgical Association (P=0.044). The relative risk of RTAD was 1.81 (95% CI,
1.04–3.14) for acute dissection (relative to chronic dissection) and 5.33 (95% CI, 2.70–10.51) for aortic dissection (relative to a
degenerative aneurysm). Incidence of RTAD was significantly different in patients with proximal bare stent and nonbare stent
endografts (relative risk [RR]=2.06; 95% CI, 1.22–3.50). RTAD occurrence rate in zone 0 was higher than other landing zones.

Conclusions-—The pooled RTAD rate after TEVAR was calculated at 2.5% with a high mortality rate (37.1%). Incidence of RTAD is
significantly more frequent in patients treated for dissection than those with an aneurysm (especially for acute dissection),
and when the proximal bare stent was used. Rate of RTAD after TEVAR varied significantly according to the proximal Ishimaru
landing zone. The more-experienced centers tend to have lower RTAD incidences. ( J Am Heart Assoc. 2017;6:e004649. DOI: 10.
1161/JAHA.116.004649.)
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T horacic endovascular aortic repair (TEVAR) has been
increasingly used in the treatment of pathology affecting

the descending thoracic aorta and distal aortic arch.1

However, TEVAR bears the risk of unusual, previously
unanticipated, severe complications. One of the most feared
complications of this procedure is retrograde type A aortic
dissection (RTAD), which has a low incidence but high
mortality rate.2,3 The majority of published reports on RTAD
post-TEVAR are based on a small number of patients with

ambiguous results. There have been many etiological factors
that have been proposed as a cause of RTAD, but interpre-
tation was difficult because of the heterogeneity of data
quality and the reported parameters.

We undertook a systematic review and meta-analysis
to identify all published reports on RTAD post-TEVAR
with the intention of recording the incidence, mortality,
and potential risk factors of RTAD. This information may
be helpful in designing appropriate clinical strategies not
only to minimize the occurrence, but also to diagnose
and treat this complication early and effectively in the
hope of improving future procedural safety and out-
comes.

Methods
Several electronic health databases (including EMBASE and
MEDLINE) were searched to identified all articles reporting
RTAD post-TEVAR between January 2000 and December
2014. The searching terms included “TEVAR,” “retrograde
dissection,” “thoracic stent-graft,” “endograft,” and “graft”
with the Boolean operator “OR.” In addition, the references of
all included articles were examined for additional relevant
series. The literature search was limited to the English
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language. All studies were independently assessed by 2
reviewers (S.Z. and Y.C.), and the full text of the studies was
retrieved.

Study Design and Definitions
Studies included in the meta-analysis met all the following
inclusion criteria:

1. All articles reporting complications, including RTAD post-
TEVAR, were identified by definition as those who under-
went endovascular repair or hybrid repair of thoracic aortic
pathology.

2. Diagnosis of aortic pathology had been made by computed
tomography scan of the thorax, abdomen, or pelvis.

3. Series included more than 10 patients with TEVAR.
4. Demographic data and comorbidities of the patients were

provided.
5. At least 1 of the basic outcome criteria (number of

patients with TEVAR, number of patients with RTAD, or
mortality of RTAD) was selected.

6. The article mentioned variables more than 25% of all
reservations.

An extensive effort was made to minimize the impact of
covert duplicate or metachronous republication from the
same surgical groups on the patient sample size; for these
cases, only the latest report was included.

Aortic dissection was considered an acute event if it
occurred within the first 14 days from the onset of symptoms,
whereas it was considered chronic beyond 14 days.4 Classi-
fication of a proximal stent graft landing zone in the aortic
arch was performed using the order proposed by Ishimaru
et al.5

Data Extraction
Two authors independently searched and assessed the full-
text articles, and the discrepancy was solved by discussion.
The following data were extracted: the year of publication,
number of patients with TEVAR, sex, and mean age; comor-
bidities; aortic pathology; procedural data (implanted stent
grafts type, landing zone, proximal stent configuration, and
proximal stent graft oversizing); mean follow-up period;
number of patients with RTAD; and the mortality of RTAD.

Statistical Analysis
Standard descriptive statistics (continuous variables were
reported as mean with 95% confidence interval [CI] and
categorical variables were reported as percentage with 95%
CI) were used to summarize demographical and baseline data
of the recruited patients from all eligible published studies. In
Table 1, for the continuous variables such as age, the means
and 95% CIs were calculated based on the means and the
sample size reported by each study using SPSS software
(SPSS, Inc., Chicago, IL). For categorical variables, such as
sex, averaged proportions were estimated by using the
“double-Arcsine transformation” function in STATA (StatCorp
LP, College Station, TX), based on the proportion in each
study. Furthermore, a meta-analysis was carried out on all
included studies for incidence and mortality of RTAD post-
TEVAR. Clopper–Pearson interval (“exact” binomial interval)
was used for individual study. “Meta” package was used with
“metaprop” function in the package. “Arcsine transformation”
was used in order to make the distribution close to normal
distribution. “DerSimonian-Laird” was used to estimate the
random effects. In addition, 0.5 is added to all cell frequencies
of studies with a zero cell count. Then, an examination of
heterogeneity was performed using the I2 test. I2>50% is
considered significant heterogeneity.6 Heterogeneity and
robustness of pooled proportions were explored by subgroup
analyses. In order to explore potential risk factors of RTAD
post-TEVAR, individual study risk ratio (RR) and 95% CI were
calculated. A metaregression analysis was performed to
explore the heterogeneity observed among studies. The meta-
analysis was conducted using R statistical software (R
Foundation for Statistical Computing, Vienna, Austria),
whereas the metaregression analysis was performed using
STATA statistical software (StatCorp LP).

Results
Our initial search yielded 448 potential literature citations; 67
duplicates and 299 nonrelevant studies were excluded after
scanning titles and abstracts, and 82 citations were left for
further evaluation. Among the remaining citations, 32 were

Clinical Perspective

What Is New?

• This article first provides an overview of multicenter clinical
data, which is robust to support the study in incidence,
mortality, and potential risk factors of retrograde type A
aortic dissection after thoracic endovascular aortic repair
via meta-analysis.

What Are the Clinical Implications?

• The mechanism of retrograde type A aortic dissection after
thoracic endovascular aortic repair has been controversial,
while this article well indicates the etiological factors of
retrograde type A aortic dissection through a large sample
of clinical data, and provides a good guide for clinicians to
avoid catastrophic complications such as retrograde type A
aortic dissection.
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excluded for the following reasons: 6 were reviews or invited
commentaries, 17 were single-case reports, 3 were TEVAR or
hybrid repair only for type A aortic dissection, and 6 studies
were lack of outcomes of interest (Figure 1). Therefore, 50
studies were included in the meta-analysis with a total of
8969 patients.1–3,7–53

Information on sex was available in 4398 patients, of which
3238 (75.7%; 95% CI, 72.7–78.6) were men. Mean age was
61.5 years old (95% CI, 55.9–67.0), based on the available
ages in 4471 patients. Patient demographics are detailed in
Table 1. Indication for TEVAR included degenerative

aneurysms (15.5%; 95% CI, 6.3–27.9), aortic dissections
(79.4%; 95% CI, 65.7–90.4), and other aortic pathologies
(penetrating ulcers, intramural hematomas, and mycotic
aneurysms; 5.2%; 95% CI, 2.0–9.7).

In 794 patients (30.4%; 95% CI, 22.0–39.4), the procedure
was urgent; 1138 patients (84.2%; 95% CI, 66.8–95.9)
underwent general anesthesia; 860 patients (49.1%; 95% CI,
37.2–61.1) were covered with left subclavian artery; 30-day
mortality was (6.6%; 95% CI, 5.0–8.3), and the mean follow-up
period was 26.6 months (95% CI, 15.5–37.7).

Incidence of RTAD
A meta-analysis of RTAD incidence showed a pooled rate of
2.5% (95% CI, 2.0–3.1; Figure 2) with acceptable heterogene-
ity among the 50 studies (I2=48.6%), indicating the presence
of publication bias (P=0.0004).

Mortality of RTAD
Data concerning mortality of RTAD were available in 33
studies. The proportional meta-analysis of mortality showed a
pooled rate of 37.1% (95% CI, 23.7–51.6; Figure 3) with great
heterogeneity (I2=63.4%) and no publication bias (P=0.11).

Subgroup Analysis
To explain the observed within-study heterogeneity, a sub-
group analysis was performed according the following

Table 1. Patient Demographics and Baseline Characteristics

95% CIs

Total patients, n 8969 . . .

Sex (% male) 75.7 (3238/4398) 72.7 to 78.6

Age, y 61.5 (4471) 55.9 to 67.0

Comorbidities, %

Hypertension 85.6 (3635/4422) 80.5 to 88.2

DM 12.5 (399/3373) 9.8 to 15.5

CAD 18.4 (342/2038) 13.3 to 24.0

Renal impairment 12.0 (440/3324) 9.2 to 15.2

COPD 21.7 (761/3444) 17.2 to 26.7

ASA 81.3 (1477/2274) 67.8 to 91.8

Nicotine consumption 48.6 (1802/3523) 40.6 to 56.6

Connective tissue disorders/
Marfan, %

2.1 (51/3650) 1.1 to 3.3

History of vascular surgery
(thorax or abdomen), %

21.4 (359/2147) 13.4 to 30.7

Indication for TEVAR, %

Degenerative aneurysm, % 15.5 (1704/5959) 6.3 to 27.9

AD, % 79.4 (3604/5959) 65.7 to 90.4

Other aortic pathologies, % 5.2 (651/5959) 2.0 to 9.7

Proximal landing zone, %

Zone 0 13.5 (201/2823) 5.7 to 23.9

Zone 1 11.3 (305/2823) 5.9 to 18.1

Zone 2 24.7 (972/2823) 17.2 to 33.1

Zone 3 20.8 (904/2823) 10.0 to 34.5

Zone 4 2.8 (357/2823) 0.3 to 9.2

Urgent procedure, % 30.4 (794/2935) 22.0 to 39.4

General anesthesia, % 84.2 (1138/1343) 66.8 to 95.9

Covered LSA, % 49.1 (860/2314) 37.2 to 61.1

30-day mortality, % 6.6 (272/4892) 5.0 to 8.3

Follow-up, months 26.6 15.5 to 37.7

AD indicates aortic dissection; ASA, American Surgical Association; CAD, coronary
artery disease; CI, confidence interval; COPD, chronic obstructive pulmonary disease;
DM, diabetes mellitus; LSA, left subclavian artery; TEVAR, thoracic endovascular aortic
repair.

Figure 1. Flow diagram of study selection for meta-analysis.
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Figure 2. Forest plot shows the random-effects proportion meta-analysis for RTAD rates post-
TEVAR. CI indicates confidence interval; RTAD indicates retrograde type A aortic dissection; TEVAR,
thoracic endovascular aortic repair.
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standards: (1) whether the study was published before 2010
and (2) the center experience.

Nineteen studies published before 2010 have the pooled
RTAD rate of 3.8% (95% CI, 2.4–5.9) and the remaining 31
studies have the rate of 2.3% (95% CI, 1.7–2.9). In both
subgroups, there was significant within-study heterogeneity
(I2=57.5% and I2=53.6%, respectively). There was no publica-
tion bias in those studies before 2010 (P=0.48), but there was
evidence of it in studies after 2010 (P=0.0005).

In terms of center experience, the pooled RTAD rate from
the 30 experienced centers (reporting ≥50 cases each) was

2.1% (95% CI, 1.7–2.7) without significant between-study
heterogeneity (I2=42.5%). In contrast, the RTAD rate from less
experienced teams was 5.7% (95% CI, 3.7–8.0) with no
significant heterogeneity (I2=25.1%). There was no publication
bias in either subgroup (P=0.70 for more-experienced teams;
and P=0.17 for less-experienced teams).

Indication for TEVAR
The results of the 13 series that simultaneously reported the
incidence of RTAD for acute and chronic dissection revealed

Figure 3. Forest plot shows the random-effects proportion meta-analysis for mortality of RTAD. CI indicates
confidence interval; RTAD, retrograde type A aortic dissection.
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that incidence of RTAD was 3.65% (22 of 603) in patients
treated for acute dissection and 2.17% (16 of 738) in patients
treated for chronic dissection (RR=1.81; 95% CI, 1.04–3.14).
There was no heterogeneity among the studies (I2=6.3%;
P=0.383; Figure 4A). Incidence of RTAD was 5.10% (28 of
549) in patients treated for dissection and 0.66% (7 of 1055)
in patients treated for degenerative aneurysm (RR=5.33; 95%

CI, 2.70–10.51). There was no heterogeneity among the
studies (I2=0%; P=0.971; Figure 4B).

Proximal Stent-Graft Configuration
Data concerning proximal stent-graft configuration were
available in 14 studies. The concluded incidence of RTAD

A

B

Figure 4. A, Comparison of RTAD rates post-TEVAR between acute and chronic dissection. B,
Comparison of RTAD rates post-TEVAR between dissection and aneurysm. AD indicates aortic dissection;
CI, confidence interval; RR, risk ratio; RTAD, retrograde type A aortic dissection; TEVAR, thoracic
endovascular aortic repair.
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was 2.31% (40 of 1728) in patients treated with proximal bare
stent and 1.24% (14 of 1126) in patients treated with proximal
nonbare stent grafts (RR=2.06; 95% CI, 1.22–3.50). There was
no heterogeneity among the studies (I2=31.8%; P=0.121;
Figure 5).

Proximal Landing Zone
Fifteen series reporting both the incidence of RTAD and
proximal landing zone showed that the rate of RTAD post-
TEVAR varied significantly according to the proximal Ishimaru
landing zone: 8.12% (16 of 197) in zone 0; 2.57% (7 of 272) in
zone 1; 2.66% (24 of 903) in zone 2; and 0.67% (8 of 1195) in
zones 3 and 4 (P<0.0001; Table 2).

Stent Graft Oversizing
Although there are 25 studies describing oversizing in TEVAR,
most of them provided interval ranges without a detailed
numerical description. Only 3 studies including 27 patients
provided specific values, with themean value 14.3�5.2%. There
was no statistical significance by regression analysis (P=0.389).

Results of the Metaregression Analysis
The metaregression analysis evidenced that the pooled
estimate for RTAD rate was associated at a statistically

significant level with hypertension (P=0.043), history of
vascular surgery (P=0.042), and American Surgical Associa-
tion (P=0.044). No other investigated moderator variables
were found to be statistically significantly related to RTAD
(Table 3).

Discussion
TEVAR has become a first-choice therapy for many diseases
of aortic pathologies.54 RTAD as a catastrophic complication
of TEVAR has been extensively described, but the precise
mechanism has not been elucidated. Etiological factors that
have been suggested include device and procedure related,
unfavorable aortic-dissection anatomy, and natural progres-
sion of initial aortic dissection.

A multicenter study that analyzed the European Registry on
Endovascular Aortic Repair Complications data involving 4750
procedures estimated the incidence of RTAD of 1.33%.55 The
most promising outcome was reported by Appoo et al with a
0.0% incidence in a series of 16 patients.8 The most
discouraging results were reported by Neuhauser et al2 with
incidence at 17.9%. In our meta-analysis, we reviewed 8969
patients and found that incidence of RTAD was 2.5% (95% CI,
2.0–3.1), with acceptable heterogeneity. Therefore, we can
suggest that incidence of RTAD is roughly 2.5%.

In the subgroup analysis, we found that the RTAD of
centers experienced in endovascular surgery was significantly

Figure 5. Comparison of RTAD rates post-TEVAR between proximal bare stent and nonbare stent. RTAD indicates
retrograde type A aortic dissection; TEVAR, thoracic endovascular aortic repair.
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lower than the less-experienced centers. Occurrence of RTAD
is associated with guide wire, catheter, delivery system,
balloon dilation, and a series of operations during the TEVAR
procedure. For example, when the guide wire is passing
through the tortuous aortic arch, especially the areas where
they are anatomically abnormal and where the aorta is
extremely narrow or distorted, the guide wire or the catheter
could contact the aortic wall, the friction between them can
cause potential damage to the wall, and once the damage has
occurred, the risk of the occurrence of RTAD will increase. The
more-experienced centers are well aware of the aforemen-
tioned risks, and the accumulated surgical experience allows
them to effectively minimize or even avoid some of the
potential risks. As a result, the more-experienced centers tend
to have lower RTAD incidences.

Interestingly, RTAD represents the most common compli-
cation among Marfan patients who were treated with the
TEVAR procedure. The European Registry on Endovascular
Aortic Repair Complications, by Eggebrecht et al, captured 48
TEVAR cases in patients with Marfan syndrome (RTAD

incidence, 8.3%)56; Dong et al revealed that among 4 patients
with Marfan syndrome, 3 developed retrograde dissection
post-TEVAR.57 Marfan patients are often affected by aortic
middle-level cystic necrosis, its pathological basis of the
elastin and collagen peptide chain between the transverse
joint.

In addition, RTAD seems to be much higher after surgical
treatment of dissection compared with atherosclerotic or
post-traumatic aneurysm. Incidence of RTAD post-TEVAR for
acute type B aortic dissection was 8.4% (26 of 309) and 3%
(10 of 325) for chronic dissection. The odds ratio of RTAD
(relative to a degenerative aneurysm) was 10.0 (CI, 4.7–
21.9) for an acute aortic dissection and 3.4 (CI, 1.3–8.8) for
a chronic aortic dissection.55 In this study, the cumulative
data revealed that the RR for RTAD in acute dissection was
1.81 compared with chronic dissection, and RR for patients
with dissection was 5.33 when compared with that for
patients with degenerative thoracic aneurysms. A possible
explanation for RTAD, particularly in spontaneous thoracic
aortic dissection, can be the progression of the initial aortic
disease.58 Moreover, the natural progression of the diseased
aortic wall as a cause of RTAD is suggested by public data,
proving the extension of dissection in patients with medical
treatment or after surgical repair of a thoracic dissec-
tion.59,60 The influence of acute dissection and aortic
fragility on RTAD has been illustrated in other reports. Hata
et al60 reported a 2.2% incidence of RTAD in a group of 180
patients treated with the best medical therapy for acute type
B dissection, which was similar to the rate reported post-
TEVAR.

In terms of proximal stent-graft configuration design,
reports have suggested that proximal bare stent configuration
is associated with an increased risk of RTAD.2,17,49,57 A recent
system review of data from 4750 patients treated with TEVAR
observed that there was no difference in the incidence of
RTAD in patients treated with endografts with bare stent or
nonbare stent configuration.55 However, our meta-analysis
demonstrated that proximal bare stent configuration is
associated with an increased risk of RTAD (RR=2.06; 95%
CI, 1.22–3.50).

This study also observed that deployment of the stent graft
in the aortic arch (zones 0–2) is another significant risk factor
of RTAD, with a high odds ratio in zone 0. The association of
RTAD in proximal aortic arch procedures has been previously
observed. In a transcontinental registry, the rate of 58 RTAD
incidences has been reported up to 7.5% during zone 0 total
debranching.14 A recent systematic review reported 73 RTAD
cases following 3211 TEVAR cases with an incidence of
2.27%, whereas incidence increased up to 6.8% post-TEVAR
with a proximal landing in zone 0.55 Several attempts have
been made to clarify this association. The increased risk may
result from:

Table 2. Incidence, Proximal Landing Zone

Incidence, % P Value

Proximal landing zone

Zone 0 8.12 (16/197) <0.0001

Zone 1 2.57 (7/272)

Zone 2 2.66 (24/903)

Zones 3 and 4 0.67 (8/1195)

Table 3. Individual Effect of Covariates on the Rate of RTAD;
Results of the Random-Effects Meta-Regression Analyses

Covariates Studies N t P Value Coefficient

Age, y 34 0.98 0.335 0.0048371

Male 33 0.01 0.989 0.00452

Hypertension 30 2.12 0.043 0.7417532

DM 20 1.31 0.206 0.7039571

CAD 20 0.66 0.515 0.2248837

Renal impairment 22 0.09 0.929 0.0389217

COPD 24 0.49 0.629 0.1377187

ASA 11 2.35 0.044 0.309096

Nicotine consumption 20 �0.68 0.506 �0.165958

History of
vascular surgery

19 2.19 0.042 0.5205373

Follow-up 40 �1.56 0.128 �0.0032653

ASA indicates American Surgical Association; CAD, coronary artery disease; COPD,
chronic obstructive pulmonary disease; DM, diabetes mellitus; RTAD, retrograde type A
aortic dissection.
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1. Spring-back force when stent across-arch placement and
the common feature of the “spring” to spontaneously turn
back to straight if passively curved. Moreover, the more
the endograft is bent, the higher the stress might be. Dong
et al57 reported 91.7% (22 of 24) retear in the great
curvature, which is consistent with the route of the spring-
back movement of the endograft.

2. The Windkessel effect and the dynamic movement of the
ascending aorta during the cardiac cycle may lead to an
aggravated interaction with the rigid stent edge, which
may lead to intimal injury with subsequent dissection.

Extensive radial force attributed to oversizing of the
endografts more than 20% in relation to the diameter of the
aorta has also been proposed as a potential cause of post-
TEVAR RTAD.3,61 The larger the diameter of the stent graft,
the greater the radial force, which provides better opposition
to the aortic wall. On the other hand, in the weak aortic wall,
oversizing of stent grafts might cause intimal injury. Canaud
et al55 indicated that graft oversizing >9% translated to an
increased relative risk of RTAD, by a factor of 1.4 for each
additional percentage point of oversizing. Although in this
research there was no correlation between RTAD and
oversizing, the reasons can be explained as follows:

1. Only a few (3 of 50) studies clearly indicated oversizing
specific values, and there is no uniform data format;
therefore, selection bias or confounding may be present.

2. Oversizing choice at most current centers depends on the
type of aortic disease or dissection phase (acute and
chronic). In our meta-analysis, oversizing was less than
10% in 4 studies, with incidence of RTAD at 5.9% (12 of
205) in dissection and 0.5% (1 of 200) in aneurysm; this
has confirmed that the incidence of dissection was
significantly higher than of aneurysm.

3. At present, the measurement of aortic diameter is not
uniform; it defines either “aortic intima—intima” or “aortic
adventitia—adventitia” as the diameter of the aorta. The
magnification of the intravascular grafts varies widely, and
the arterial diameter varies with the cardiac cycle as well.
If dynamic measurements are used, the magnification bias
will be greater. Therefore, how to choose a more-
appropriate measurement method is subject to further
study.

Conclusion
Although RTAD post-TEVAR is an uncommon complication
with incidence around 2.5%, it has a high mortality rate
(37.1%). The importance of considering the fragility of the
aortic wall is emphasized by the fact that RTAD is significantly
more frequent in patients treated for acute and chronic type B

dissection compared with aneurysm, and when the proximal
bare stent was used. The rate of RTAD post-TEVAR varied
significantly according to the proximal Ishimaru landing zone.
The more-experienced centers tend to have lower RTAD
incidences. Further validation of the data in large-scale clinical
studies is needed to substantiate these results.
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