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Background: A combined open-endovascular technique has emerged as an alternative treatment option
for thoracoabdominal pathologies. However, reported experiences from various medical centers have
been contradictory and heterogeneous. The aim of this study is to assess the mortality rate and various
complication rates associated with this approach.

Methods: An electronic health database search was performed on all articles published up to March of 2012
describing combined open-endovascular repair of thoracoabdominal pathologies. Studies were included in
the meta-analysis if they had >10 patients and reported the basic outcome criteria. End points of the meta-
analysis were defined as primary technical success, endoprosthesis related complications, 30-day/in-hospital
mortality, symptoms of spinal cord ischemia (SCI) and irreversible paraplegia, permanent renal function
impairment, and other major complications.

Results: Fourteen studies were deemed eligible for this meta-analysis with a total of 528 patients (68.0%
male, mean age 70.5 years). The mean follow-up period was 34.2 months. The pooled estimate for primary
technical success and visceral graft patency was 95.4% and 96.5% respectively. An endoleak developed in
106 (21.1%) patients in whom both stages had been completed. The pooled rate for symptomatic SCI was
7.0% and for irreversible paraplegia 4.4%. The pooled proportion for permanent renal failure was 7.0% and
for mesenteric ischemia 4.5%. Prolonged respiratory support and cardiac complications were observed in
a pooled rate of 7.8% and 4.6% respectively. The meta-analysis for 30-day/in-hospital mortality revealed a
pooled rate of 14.3%.

Conclusions: Although the hybrid technique for thoracoabdominal aortic pathology provides a less
invasive approach, the technique is still associated with a considerable morbidity and mortality rates. High
risk patients unfit to withstand open repair, are equally likely to suffer significant complications with the
hybrid procedure. The choice of the optimal treatment strategy for thoracoabdominal pathologies should be
carefully made on a patient to patient basis, assessing the clinical fitness and the anatomical suitability of each
patient. The hybrid approach should be reserved for high volume centers with accumulated experience and
high standards of perioperative management.
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Introduction than 40% of patients with large untreated TAAAs survive

Thoracoabdominal aortic aneurysms (TAAAs) typically beyond three years, an operative approach is indicated

present in elderly patients with serious comorbidities with an encouraging life expectancy (1,2). The traditional
and their treatment remains a challenge. Because fewer repair of TAAAs with thoraco-laparotomy requires
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Figure 1 Hybrid repair of a thoracoabdominal aortic aneurysm

aortic cross clamping and is associated with considerable
morbidity and mortality rates despite the significant
advances in perioperative critical care and anesthetic and
surgical techniques (3-6). In the endovascular area, further
modalities for the management of TAAAs, including
fenestrated or branched endografts, have been successtully
applied (7,8). The intermediate-term patency and
survival rates with this technique seem hopeful; however,
morbidity and mortality is still considerable. In addition,
the morphological parameters of the aneurysm or the
urgent setting in cases of ruptured TAAAs can limit the
endoluminal strategy application, because inadequate time
is available to wait for a custom-made endoprosthesis.

© AME Publishing Company. All rights reserved.

www.annalscts.com

The hybrid repair of TAAAs has emerged as an
alternative to traditional open repair (Figure I). The hybrid
procedure, first described in 1999 by Quifiones-Baldrich
and colleagues, consists of debranching of the renal and
visceral arteries followed by endovascular exclusion of
the aneurysm (9). The technique was introduced with the
intention of being reserved for a cohort of patients with
compromised cardiac and respiratory reserves deemed
unfit for open repair. The potential advantages of the
hybrid approach include the avoidance of a thoracotomy
and aortic cross-clamping. Many authors using the hybrid
debranching strategy for the treatment of thoracoabdominal
pathologies have reported discouraging results, and the
initial enthusiasm for the technique has been replaced by
doubt and uncertainty. A previous reported meta-analysis
showed a 12.8% 30-day/in-hospital mortality rate, a 7.5%
overall spinal cord ischemia (SCI) rate, and an 8.8% renal
failure rate (10). Interestingly, a marked heterogeneity
existed between different medical centers, with some of
them demonstrating very low mortality and morbidity rates.

In the present study, a meta-analysis was conducted to
investigate the technical success of the hybrid procedure as
well as to explore the safety and efficacy of the technique in
patients with TAAAs or other aortic diseases.

Materials and methods
Study design - search strategy

The present meta-analysis was conducted in accordance with
the recommendations of the Meta-analysis of Observational
Studies in Epidemiology (MOOSE) group (11). An
extensive electronic health database search was performed
on all articles published up to March of 2012 describing
hybrid open-endovascular repair (HOER). The search was
performed using exploded MeSH (medical subject heading)

”

terms (“thoracic”, “abdominal”, “thoracoabdominal”, “aortic

» o« ”» o« ”» o«

aneurysm”, “endovascular”, “stent-graft”, “endograft”,
“visceral bypass graft”, “visceral revascularization”, “visceral
debranching”, “hybrid”). Publications were retrieved through
electronic search engines (Medline, Embase, Scopus, Google
Scholar, Ovid, and the Cochrane Library). In addition, the

reference lists of all retrieved articles were examined for
further relevant series.

Definitions, eligibility, and exclusion criteria

HOER should consist of two stages: the open visceral
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debranching followed by the endovascular exclusion of
the thoracoabdominal aortic pathology. The procedure
can be performed either in a single stage or using a staged
approach. An eligible study for the present meta-analysis
should: (I) involve visceral bypass followed by aortic stent-
graft implantation, (II) provide baseline characteristics of
the recruited patients, (III) state the incidence of at least
one of the basic outcome criteria, and (IV) report on a
series of >10 patients. Exclusion criteria were the following:
articles in languages other than English, reports on HOER
with aortic arch debranching involvement, case reports,
and a series of <10 patients. When multiple publications
on the same patient sample were identified or study
populations overlapped, only the latest report was included
unless the reported outcomes were mutually exclusive.
Furthermore, in several studies, patients with combined
visceral debranching and endovascular exclusion of
thoracoabdominal pathologies were analyzed as a
subgroup of a wider patient sample. These studies were
excluded from the present meta-analysis because data
regarding this subgroup of patients were not separately
provided. All studies were assessed by two reviewers
(K.M. and S.M.). The available data were extracted and
analyzed, and a consensus was reached if discrepancies
were observed.

Data extraction

The eligible studies for this meta-analysis were
independently assessed by two reviewers (K.M.
and S.M.) for the study design: first author, year of
publication, type of study; patient sample: patient
gender, mean age, comorbidities, indication for
HOER, type of TAAA [according to the Crawford
classification, modified by Safi (12)], maximal diameter
of the aneurysm, stages of the procedure (and the
intraprocedural interval if a staged approach was
applied). Study end points assessed included primary
technical success, mean length of intensive care unit
(ICU) and hospital stay, mean follow-up period,
endoprosthesis related complications, 30-day/in-
hospital mortality, symptomatic SCI and permanent
paraplegia, permanent renal function impairment (>25%
rise in serum creatinine or need for dialysis), mesenteric
ischemia, prolonged respiratory support (>5 days), and cardiac
complications. If discrepant results were obtained, the
articles were re-analyzed by the two reviewers and a
consensus was reached.
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Statistical analyses

Standard descriptive statistics (reported as means with
95% confidence intervals) were used to summarize
demographical and baseline data of the recruited patients
from all eligible studies. Separate meta-analysis was carried
out on all included studies for technical success, SCI
symptoms, renal insufficiency, need for prolonged respiratory
support, and 30-day/in-hospital mortality. The pooled
proportion was calculated as the back-transformation of
the weighted mean of the transformed proportions using
the random effects model proposed by DerSimonian-
Laird (13). Heterogeneity among studies was estimated
using the chi-square test and Cochran Q score (reported as
I’ and representing the percent value of the heterogeneity).
Funnel plots were constructed, and the identified extreme
studies were excluded to increase the robustness of our
analyses. Frequency study-specific estimates were pooled
and are reported as proportions with 95% confidence
intervals (95% CI). The possibility of publication bias was
assessed for both aims using the Begg-Mazumdar adjusted
rank correlation test (14). The meta-analyses and the
publication bias assessment were conducted using the
StatsDirect statistical software (StatsDirect Ltd, UK).

Results

After a review of the abstracts, 157 out of 465 total articles
of interest were eventually deemed relevant. Out of these
157 articles, 143 publications were excluded in the subsequent
evaluation and the inclusion criteria application (Figure 2).
Fourteen studies were deemed eligible for this meta-analysis,
including 10 retrospective and four prospective (Table 1)
(15-28). A total of 528 patients (68.0% male, mean age 70.5
years, 95% CI: 68.9-72.0 years) were analyzed. Demographic
variables and comorbidities of the patients are detailed in
Table 2. The majority of the patients (64.3%) underwent
HOER attributable to a degenerative thoracoabdominal
aneurysm; 18.2% attributable to aortic dissection; 5.9%
attributable to visceral aortic patch aneurysm after open
repair; 3.6% attributable to secondary aneurysms associated
with connective tissue disorders (Marfan syndrome or
Ehlers-Danlos syndrome); 0.9% attributable to mycotic
aneurysms; and 7.0% attributable to other aortic pathologies
(i.e., penetrating ulcers, intramural hematomas).

The extent of the TAAA was determined in 397/528
(75.2%) patients. In particular, 12.8% of the TAAAs were
of type I, 23.2% of type 11, 38.0% of type 111, 23.7% of type
IV, and 11.1% of type V. The mean aneurysm diameter was
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465 citations yielded by
electronic literature search

5 308 discarded as irrelevant to

143 rejected after inclusion criteria <

the topic on title/abstract basis

v

Eligible studies included in the
final sample

14

—

10 retrospective

4 prospective

studies studies

Figure 2 Study flow chart
Table 1 Descriptive characteristics of eligible studies
Author - Publication Study Diameter . Rev. FU
Year — N Mean age (mm) Elective/Urgent Stages of procedure vessels ——
Lin (15) [2012] R 58 71.8 64.3 58/0 31 staged 232 27.3
Hurie (16) [2011] R 39 71.4 65 37/2 34 staged 124 24.0
Ham (17) [2011] R 24 70.0 61 ND ND 77 13.3
Smith (18) [2011] R 24 73.7 ND 24/0 All in one 68 11.7
Chiesa (19) [2010] B 41 68.9 73 40/1 10 staged 117 23.3
Kuratani (20) [2010] R 86 71.6 65 76/10 75 staged 308 88.5
Drinkwater (21) [2009] P 107 67.0 73 85/22 21 staged ND ND
Donas (22) [2009] P 58 74.0 71.5 49/9 All in one 113 221
Biasi (23) [2009] P 18 73.0 65 14/4 13 staged 54 23.0
Quin.-Baldrich (24)
[2009] R 17 73.0 65.5 16/1 5 staged 60 17.9
van de Mortel (25) [2008] R 16 69.0 78 11/5 4 staged 58 13.0
Lee (26) [2007] R 17 69.0 64 17/0 17 staged 56 8.0
Resch (27) [2006] R 13 64.0 62 11/2 13 staged 22 23.0
Fulton (28) [2005] R 10 70.0 61 10/0 2 staged 13 8.7

R, retrospective; P, prospective; FU, follow up; ND, not determined; Rev. vessels, revascularized vessels

68.0 mm (95% CI: 65.2-70.9 mm).

Almost 89% of the patients were referred for elective
treatment, while 11.2% of them experienced symptomatic
or ruptured TAAA before admission. A single-stage
approach was followed in 47.5% of the patients whereas
52.5% underwent a staged procedure with a mean
intraprocedural interval of 29.6 days (95% CI: 4.2-54.9 days).
Mean ICU stay was 6.2 days (95% CI: 4.7-7.6 days), mean
hospital stay was 20.8 days (95% CI: 15.8-25.8 days), and
mean follow-up period was 34.2 months (95% CI: 16.6-
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51.8 months).

Primary technical success

With respect to the primary technical success, defined
as completed visceral debranching and successful stent-
graft deployment, the pooled estimate was 95.4% (95%
CI: 91.8% to 98.0%) (Figure 3). In three cases, the
operation was not completed because of perioperative
instability, whereas in one case the debranching procedure
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Table 2 Demographic variables and comorbidities of patients

Total number of patients 528

Gender (male %): 68
Mean age (years) 70.5 (68.9 to 72.0)
Comorbidities
Nicotine consumption
DM

Hypertension

56.7% (41.2% to 72.2%

21.8% (8.7% to 34.8%
72.3% (62.4% t0 82.3 %
36.4% (28.4% to 44.3%

)

)

)

Renal impairment )
19.6% (15.8% to 23.5%)
)

)

)

)

Cerebrospinal disease

CHF (NYHA >1) 23.6% (12.0% to 35.1%
CAD 33.8% (24.3% to 43.2%
ASA =3 87.1% (65.0% to 100.0%
COPD 28.4% (12.4% to 44.4%

History of previous
cardiovascular surgery 38.2% (23.8% to 52.6%)

(thorax, abdomen)

DM, diabetes mellitus; CHF, congestive heart failure;
CAD, coronary artery disease; ASA, American Society of
Anesthesiologists; COPD, chronic obstructive pulmonary
disease

Linetal., 2012

Hurie et al., 2011

Ham et al., 2011

Smith et al., 2011

Chiesa et al., 2010

Kuratani et al., 2010

Drinkwater et al., 2009

Donas et al., 2009

Biasi et al., 2009

Quinones-Baldrich et al., 2009

van de Mortel et al., 2008

27

was abandoned because of a restricted flow rate that was
considered insufficient for safe revascularization of the
renal and visceral arteries. One patient did not undergo
aortic endograft placement because of complications from
the debranching procedure. Twelve patients died due to
procedure-related complications after the first stage. Six
more patients with successful visceral rerouting died from
aortic rupture while waiting the endovascular stage, whereas
four patients refused it.

Out of the 502 patients for whom both stages of the
procedure were completed, 106 (21.1%) experienced an
endoleak during the mean follow-up of 34.2 months (95%
CI: 16.6 to 51.8 months). In particular, 111 endoleaks were
depicted in follow-up CT scans: 32 type I, 66 type II, and
13 type III. Reintervention was required in 26 of them.

Visceral graft patency

According to the aneurysm extent and the sufficiency of the
collateral supply through the superior mesenteric artery
(SMA), the celiac trunk (CT) was selectively revasularized.
The inflow sites were retrograde, i.e. native iliac arteries,
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Figure 3 Forest plot of technical success rate
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Figure 4 Forest plot of visceral graft patency

distal aorta, or infrarenal prosthetic graft in patients with
prior aortic surgery, and antegrade, i.e. ascending or
supraceliac aorta. The utilized grafts were autologous vein
grafts, synthetic (polyester or ePTFE), or Viabahn covered
stent-grafts (Gore & Associates, Flagstaff, AZ). A total
of 1,302 visceral grafts to visceral or renal arteries (RAs)
were identified: 286 to CT, 347 to SMA, and 669 to RAs.
The pooled rate for visceral graft patency during the mean
follow-up of 34.2 months (95% CI: 16.6-51.8 months) was
96.5% (95% CI: 94.5-98.0%) (Figure 4). Forty-one grafts
were occluded: 4 to CT, 12 to SMA, and 25 to RAs.

Morbidity and mortality rates

The proportional meta-analysis showed a pooled rate for
symptomatic SCI of 7.0% (95% CI: 4.9-9.5%), and in 4.4%
(95% CI: 2.7-6.3%), the SCI symptoms were irreversible
(Figure 5). The pooled estimate for permanent renal
failure requiring dialysis was 7.0% (95% CI: 2.4-13.8%)
(Figure 6). The pooled estimate for mesenteric ischemia
was 4.5% (95% CI: 2.3-7.3%), whereas the pooled rate for
prolonged respiratory support (>5 days) was 7.8% (95% CI:
3.3-14.2%). Cardiac complications were present in a pooled
rate of 4.6% (95% CI: 2.0-8.3%). The meta-analysis for 30-
day/in-hospital mortality revealed a pooled rate of 14.3%

© AME Publishing Company. All rights reserved.
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Begg-Mazumdar: Kendall’s tau =—0.179487, P=0.3674

(95% CI: 9.3-20.2%) (Figure 7). A total of 68 patients died
during the early postoperative period. The causes of death
are detailed in 7able 3.

Discussion

Theoretically, the hybrid repair for thoracoabdominal
aortic pathology offers a less morbid technique as it
avoids a thoracotomy, cross clamping of the aorta, single-
lung ventilation, and prolonged end-organ ischemia.
This anticipation was not confirmed in clinical practice,
as practitioners of the technique reported considerable
mortality and complication rates. Undoubtedly, the
extensive dissection required for this procedure and the
surgical maneuvers for the preparation of the aorta result in
significant organ and tissue trauma.

A previous meta-analysis on hybrid repair of
thoracoabdominal pathologies showed differing results,
raising a debate for the role of the technique (10). This
meta-analysis was performed by attempting to investigate
further concerns and aspects that may influence the safety
of the technique. Intending to avert bias of the small case
series, the present analysis excluded case reports or small
case series. Consistent with the previous reported meta-
analysis, significant heterogeneity was found among
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Figure 7 Forest plot of 30-day/in-hospital mortality rate

Table 3 Cause of 30-day/in-hospital mortality

Begg-Mazumdar: Kendall’s tau =0.230769, P=0.2792

studies on morbidity and mortality rates. This updated

Cause of death N
Rupture before TEVAR 6
MOF 9
Respiratory complications 8
Bowel infarction 13
Sepsis 4
Coagulopathy 2
Pancreatitis 1
Retroperitoneal bleeding 1
Cardiac complications 2
MCA stroke 1
Antegrade aortic dissection 1
Permanent paraplegia 1
Total graft thrombosis 1
Gl bleeding 1
Subarachnoid hemorrhage 1
Infected ascending graft 1
N.D. 15
Total 68

Note: MOF, multiple organ failure; MCA, middle cerebral
artery; N.D., not determined; TEVAR, thoracic endovascular

aortic repair
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meta-analysis revealed a pooled rate for 30-day mortality
of 14.3%. Irreversible SCI occurred in 4.4% of patients,
whereas the rate for permanent renal failure requiring
dialysis was 7.0%. Bowel ischemia and cardiopulmonary
complications also occurred at a considerable rate.
Recently presented data in the Society for Vascular Surgery
(SVS) meeting 2012 from the North American Complex
Abdominal Aortic Debranching (NACAAD) Registry
showed similar results. The 30-day mortality was 16%
among patients treated for TAAAs. Spinal cord ischemia
occurred in 14% of patients and was associated with the
extent of aortic disease and aneurysm rupture (29).
Interpretation of these results must take in to account
several parameters. Thirteen years after its introduction,
the technique continues to be used with ambiguous results.
A reason for the substantial mortality associated with the
debranching technique is that the majority of these patients
are elderly, seriously ill, and with major comorbidities that
cannot withstand the hybrid reconstruction. This analysis
had a mean age of treated patients of 70.5 years while more
than 85% had an American Society of Anesthesiologists
(ASA) physical status >3. Approximately 10% of patients in
this analysis underwent urgent operations for a symptomatic
or ruptured aneurysm. A third interesting point is that the
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debranching hybrid technique has been adopted by centers
with little previous experience in treating patients with
TAAAs. A learning curve and an organized perioperative
background incorporating several adjunctive and protective
measures for best management are required. Consistent
evidence exists in the literature showing better results from
a handful of higher volume institutions in both the U.S. and
Europe.

Hybrid repair can be applied using a single-stage (during
the same anesthesia admission) procedure or a two-stage
approach. In our review study, a single-stage strategy
was followed in 47.5% of the patients whereas 52.5%
underwent a staged procedure with a mean intraprocedural
interval of 29.6 days. Devotees of the single-stage approach
support the concept that such procedures eliminate the
risk of rupture between stages and the potential patient’s
consent withdrawal for the endovascular stage (21).
Extracted relative data from our meta-analysis revealed that
six patients out of the 273 scheduled to undergo a staged
procedure succumbed because of aneurysm rupture while
waiting for the second stage of the procedure, whereas
four other patients refused the procedure. In contrast, a
single-stage strategy is described as being associated with
longer cumulative ICU and hospital stay and with higher
morbidity rate (15). Therefore, a single-stage procedure
should be considered for patients with excessively large
aneurysms at risk for rupture whereas a staged approach
seems more reasonable for high-risk patients who require
extensive aortic reconstruction.

A further concern is the durability and long-term
outcome of the technique which is related either to
endograft complications or to visceral graft occlusion. Our
meta-analysis revealed a visceral graft patency exceeding
96% during the mean follow-up of 34.2 months, whereas
21.1% (106/502) of the patients had an endoleak. In 5% of
patients with endoleak, a reintervention was required. In
the study with the longest follow-up period (88.5 months,
n=86) by Kuratani et al., two procedure-related late deaths
were recorded; one patient expired because of a visceral
graft occlusion and resultant mesenteric necrosis, whereas
the other presented with a fatal graft infection (20) In the
study by Lin ez 4/. (15) there was no aneurysm-related death
in a mean follow up of 27.3 months, whereas Hurie et a/. (16)
reported a late aneurysm related mortality rate of 12.8%.

Conclusions

Despite providing a less invasive approach to treat

© AME Publishing Company. All rights reserved.
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thoracoabdominal aortic pathology, the hybrid technique is
still associated with a considerable morbidity and mortality
rate. Despite the improvements in totally endovascular
techniques for the treatment of thoracoabdominal
pathologies, hybrid procedures may continue have a role in
those patients anatomically unsuitable for fenestrated and
side branched endografts. The technique should be reserved
for high volume centers with accumulated experience and
high standards of perioperative management.
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