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Abstract Background Despite improvements in operative techniques, open thoracoabdomi-
nal aortic aneurysm (TAAA) repair is complex and characterized by high mortality and
morbidity rate. Less invasive techniques have been developed since 2005 for the
treatment of TAAA. Unfortunately, many of these devices require custom fabrication,
resulting in delay of many weeks until treatment can be delivered but crucial in critical
emergency cases. We present a novel hybrid endovascular and surgical prosthesis,
which was tested on five pigs, with the aim of reducing the barrier issues of
endovascular therapy in such particular cases.
Methods The principal characteristic of the proposed hybrid endovascular prosthesis
is to combine a proximal and distal stented zones and, in between, a classical surgical
blood tied Dacron prosthesis. The device was tested in five pigs where feasibility of
implantation and acute postoperative outcomes were evaluated, including bleeding,
bowel ischemia, renal function, and peripheral blood perfusion.
Results In all cases, following laparotomy, the endoprosthesiswas successfully implanted
under fluoroscopy and the surgical prosthesis zone could be easily detected by the radio-
opaque markers. No major bleeding or cardiac events occurred throughout preparation
and implantation. One hour after prosthesis implantation and surgical anastomoses of all
vesselswere completed, normal urineoutput was registered, andnoacidosiswas detected.
Conclusions This novel graft has shown ease of endoprosthesis and visceral vessels
implantation without the need of thoracotomy or extracorporeal circulation and may
be useful in an emergency setting or high risk and complex anatomy TAAA unsuitable
for traditional endovascular aneurysm repair, or to avoid an excess waiting time for a
“custom made” prosthesis. The great adaptability of this “hybrid” prosthesis in
complex anatomy for the majority of TAAA could be important in high-risk patients
and in some difficult situations, such as a high risk of imminent rupture.
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Introduction

Despite improvements in operative technique and anesthetic
support, open thoracoabdominal aortic aneurysm (TAAA)
repair remains complex and characterized by high mortality
and morbidity rates.

The risk of postoperative death or complications is not
only increased in the highest anatomical complexity TAAA
cases (Crawford II) but also in certain patient populations,
such as older patients and those with congestive heart
failure, poor pulmonary function, or renal disease. Paraple-
gia, paraparesis, renal failure, stroke, and intestinal ischemia
represent some of the most serious complications related to
aortic manipulation or distal aortic ischemia.1

Because of the added operative risk in patients with these
comorbidities, less invasive techniqueshavebeendeveloped. In
2005, the first thoracic endograft was approved by U.S. Food
and Drug Administration for the treatment of TAAA. By avoid-
ing thoracotomy, extracorporeal perfusion, aortic crossclamp-
ing, and single lung ventilation, thehybrid TAAAprocedurehas
been suggested to have decreased mortality in high-risk
patients.2 Combined open and endovascular hybrid TAAA
repair generally involves one or two stages to accomplish
TEVAR (thoracic endovascular aortic repair) in these cases.
The construction of extra-anatomical bypass to either visceral
or arch vessels is often performed.

In a recent large meta-analysis, the authors considered
outcomes of 528 hybrid TAAA repairs, reporting a high
mortality rate of 14.3% and substantial complication rates
(7.0% for spinal cord ischemia, 4.5% for mesenteric ischemia,
and 7.0% for permanent renal failure).3 However, in other
publications, mesenteric ischemia after hybrid TAAA repair
was more prevalent, ranging from 17 to 40%. The length and
angulation of the superior mesenteric artery bypass graft
were found to be predictors of these complications.4

Successful total endovascular approaches toTAAA include
repair using fenestrated devices or grafts with branches to
accommodate the visceral arteries and other alternative
surgical approaches have been proposed to include parallel,
snorkel, telescope, and chimney grafts.5Unfortunately, many
of these off-label devices require custom fabrication, result-
ing in delay of weeks until treatment can be delivered: most
custom-made devices have about 6-week manufacturing
delay. Moreover, these custom-made devices can be very
expensive and the long-term results are still scarce.6

For these reasons, in patients with highly complex anato-
my or emergency settings, it is often difficult to maintain a
total endovascular approach to TAAA. We present a novel
hybrid endovascular and surgical prosthesis (conceived by J.
Z. and produced by Jotec GmbH, Hechingen, Germany)which
was tested in five pigs with the aim of reducing the barrier
issues of endovascular therapy in thoracoabdominal cases.

Materials and Methods

The Novel “Hybrid” Prosthesis
The principal characteristic of this hybrid prosthesis is to
combine proximal and distal endovascular-stented zones

and inbetweenclassical surgical blood-tiedDacronprosthesis.
The surgical zone identification following positioning under
fluoroscopy is simplified by radio opaquemarkers. The device
is crimped into a delivery system as conventional vascular
endoprosthesis. The prosthesis is shown in►Fig. 1. Following
engineering development, the prosthesis was tested in the
laboratory. Acute animal testswere performed on five domes-
tic female pigs with amean bodyweight of 100� 2 kg. Experi-
ments were performed at the University Heart Centre of
Naples, Italy, under supervision and assistance of a veterinary
team. The animal studywas directed according to the Europe-
an Guidelines for the Protection of Animals (86/609/EEC).

Technical Procedure
Surgical procedures were performed under general anesthe-
sia after orotracheal intubation. In all cases a median lapa-
rotomy provided the surgical access to abdominal aorta.

Anticoagulationwas achievedwith heparin (400 IU/kg BW)
to activate clotting time of at least 300 seconds. Two 6G
sheaths were inserted into the right carotid and femoral
arteries to monitor the mean arterial blood pressure proxi-
mally anddistally to the abdominal aorta and for arterial blood
gas analyses. All hemodynamics and respiratory parameters
were continuously monitored and recorded according to a
standardized protocol during each intervention.

After median laparotomy and visceral arteries exposure,
heparin was given. Using a stiff guidewire, positioned under
fluoroscopy in the descending aorta via the right iliac artery,
the endoprosthesis, loaded in a 20-Fr delivery system, was
introduced into the vessel and deployed under C-arm fluo-
roscopy control. In particular, during deployment, it is
important to identify the surgical zone in the abdomen aorta
by the radio opaque markers to enable graft to graft anasto-
mosis. The celiac, superior mesenteric, and renal arteries
were detached from the aorta. In correspondence to the
surgical prosthesis segment, the aortic wall was then incised
exposing the Dacron not stented prosthesis. A partial clamp
is positioned, the Dacron graft is incised, and a multibranch
Dacron graft is anastomosedwith a running 5–0 polypropyl-
ene suture to enable all visceral vessels anastomosis in an

Fig. 1 The novel hybrid prosthesis, with a proximal and distal
endovascular zone and in between a classical surgical prosthesis.
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end-to-end fashion. Compliant with the aortic anatomy,
renal arteries might be anastomosed separately in an end-
to-end fashion while the celiac and superior mesenteric
arteries might be anastomosed together as one “bottom”

to one side Dacron graft branch to reduce surgical times. Step
by step illustrations are shown in ►Fig. 2A–C.

1. Correct insertion positioning and release of the endopros-
thesis under C-arm fluoroscopy (►Fig. 2B).

2. Exposure of the Dacron graft, partial aortic clamp at the
surgical prosthesis segment allowingmultibranch Dacron
graft anastomosis in an end to side fashion (►Fig. 2C).

At the end of the experiments, the pigs were sacrificed by
intravenous injection of T61 under deep anesthesia.

Results

Under fluoroscopy, graft deployment was successful, and
radio-opaque markers were useful to identify and position
the surgical segment at the correct thoracic and abdominal
aorta height in all five animals. Once the abdominal aorta
was incised and the surgical prosthesis zone was exposed to
enable partial crossclamping, no bleeding was noted from
the exposed surgical field. At the end of the surgical proce-
dure, no major bleeding or cardiac events occurred.

No differences were registered with regard to blood
pressure at the distal artery in comparison to the preopera-
tive values (►Fig. 3). One hour after the anastomosis was
complete normal urine output was registered and no acido-
sis was detected.

Discussion

The thoracoabdominal aneurysm is a complex vascular disease
and can be treated with reasonable results only in referral
centers with highly skilled surgeons, anesthesiologists, and
perfusion technicians.7 The increasing number of endovascular
procedures and experience to treat diseased aorta, better mate-
rials, and custom-made solutions enable treating aneurysms
involving the descending aorta. However, although less trau-
matic, also for this therapeutic solution skilled physicians in
vascular and interventional are required. The custom-made
graft, produced on specific patient’s vascular anatomy, requires
time before delivery and as so, is not “on the shelf graft”; it may
happen that the patients who are already waiting for the
personalized endoprosthesis graftwill experience aorta rupture
and will require emergency treatment. A recent article shows

Fig. 2 (A) Step-by-step illustrations of the procedure: thoracoabdo-
minal aortic aneurysm. (B) Insertion of the prosthesis through the
right femoral artery and correct positioning and release of the
endoprosthesis. (C) Surgical opening of the aortic aneurysm with the
exposure of the Dacron “not stented” segment of the prosthesis and
partial clamp to complete the anastomosis in an end-to-side fashion of
a multibranch Dacron graft for the reimplantation of the main visceral
vessels (celiac trunk, superior mesenteric, and renal arteries).

Fig. 3 Invasive blood pressure at the end of the hybrid procedure to show
the same arterial pressure in the proximal and distal part of the prosthesis.
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how, in complex aortic aneurysm, clinically relevant differences
of several important in-hospital outcomeswere found in theuse
of custom made stent grafts versus physician-modified fenes-
tratedgrafts.8 The combined one step endovascular and surgical
procedure is not a new concept and is being practiced in
different settings, especially when emergency intervention is
requiredwhere the vascular anatomy and/or clinical conditions
are not favorable for any of the options alone.9

Potential Impact on Daily Practice
This experimental study was designed to test technical
feasibility of hybrid repair of the thoracoabdominal aorta
using a novel device. The prototype of the device consists of a
proximal and distal stent graft attached to a central surgical
blood-tied Dacron portion. The latter is marked with radio-
opaquemarkers, allowing correct positioning. The aim of the
design of this prosthesis is to reduce operativemorbidity and
complications related to the conventional surgical approach.
Indeed, we could demonstrate the ease of endoprosthesis
and visceral vessels implantation without the need of thora-
cotomy or extracorporeal circulation.

Following the native aorta incision to expose the surgical
prosthesis zone, no bleeding around the prosthesis occurred,
obviously the nondilated aorta in the experimental setting was
in favor. In real surgical aneurysmsetting, endoleak typeone or
two might have occurred, especially the latter where the
thoracic and lumbar arteries arose at the nonstented zone. In
thisscenario, a runningpolypropylenesutureattaching the free
native aortic wall to the Dacron prosthesis should be per-
formed. In the experimental setting, all vessels were detached
from the aorta and anastomosed in an end-to-end fashion;
however, based on vessel’s location, alternatively, the vessels
can be ligated and anastomosis end-to-side can be performed.
Also, if aortic pathology involves the iliac artery, the distal stent
graft may be removed and aorto bi-iliac anastomosis can be
performed using the appropriate bifurcated Dacron graft.

The use of this prosthesis might be very helpful in an
emergency setting or high-risk and complex anatomy TAAA
unsuitable for traditional endovascular aneurysm repair or
avoiding a too long waiting time for a “custom made”
prosthesis. The great adaptability of this “hybrid” prosthesis
in complex anatomyof themajority of TAAA could be of great
help in high-risk patients and in some difficult situations,
like patients with high risk of imminent rupture.

Also, the end-to-end anastomosis, permitting almost ana-
tomical configuration, reduces the risk of malperfusion and
thrombosis related to long extra-anatomical visceral arterial
grafts.

Of course, laparotomy makes this procedure more inva-
sive with respect to the total endovascular approach. But the
surgical times are very short, avoiding aortic crossclamping,
any thoracotomy, single lung ventilation, and the long extra-
anatomical bypass of visceral vessels, with the attendant’s
high risk of thrombosis and embolism.

Of note, we performed the surgical procedure using solely
C-arm fluoroscopy, in a standard operating theater, whereas
a total endovascular procedure for such complex aortic
pathology requires a hybrid operating room.

The determination of the best treatment approach for
patients with complex thoracoabdominal aortic disease will
likely be made based on the patient’s health as well as the
individual clinician’s familiarity with the technical options.
The device reported in this papermay provide another option.

Conclusions

The experimental tests conducted in the swine model sug-
gested that the proposed hybrid graft might be used to cover
the thoracoabdominal aorta as commercialized stent grafts
where the nonstented zone enables partial crossclamp and
graft anastomosis in open surgery. The graft might be useful
in particular in emergency settings when the thoracoabdo-
minal aorta Crawford classification Type III–IV should be
treated.
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