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Abstract

Objective: The treatment of thoraco-abdominal aortic aneurysms (TAAAs) is extremely laborious, due to the surgical complexity of this
condition. In particular, postoperative spinal paraplegia poses a severe complication that significantly lowers patient's quality of life. In 1997, we
devised a hybrid procedure consisting of extended endovascular aortic repair (EVAR) and visceral reconstruction. in this article, we report the
long-term results obtained from this procedure. Methods: We conducted 1106 endovascular aortic repairs between 1997 and 2008. Among these,
we selected 86 cases of TAAA. The mean patient age was 71.6 years. Preoperative complications included 19 cases of stroke, 22 cases of coronary
artery disease (CAD) and 16 cases of chronic obstructive pulmonary disease (COPD). Cerebrospinal fluid drainage was initiated during the
operation. We performed bypasses from the aortic bifurcation to abdominal visceral arteries, and deployed stent grafts to exclude the entire
TAAA. Results: Operative time averaged 386 min. We lost two patients and encountered only one case of graft occlusion. Two patients had acute
renal failure, but neither required a tracheostomy. Furthermore, no patients exhibited paraplegia or delayed paraplegia. We observed endoleaks
in nine cases, and shrunken aneurysms in 73 cases. Long-term results included survival rates of 94.8%, 85.8%, 80.2% and 66.6% at 2, 5, 8 and 10
years, respectively. Only two patients died from aortic events. Rates of freedom from aortic events were 90.7%, 80.6%, 70.8% and 70.8% at 2, 5, 8
and 10 years, respectively. Conclusions: The hybrid TAAA-repair protocol yielded satisfactory results. Although thorough foltow-up is required for
visceral bypass, this procedure could become the standard for TAAAs,
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1. Introduction

The treatment of thoraco-abdominal aortic aneurysms
(TAAAs) is extremely laborious, as these aneurysms are
complex and require invasive surgery [1—3]. Data from the
Nationwide Inpatient Sample (NIS) database in the United
States suggest a mortality rate approaching 22.3% [4]. In
addition, devastating complications, postoperative paraplegia
in particular, significantly lower postoperative patient quality
of life (QOL). Despite refinements in surgical techniques for
spinal protection, risk of postoperative neurological deficit
remains high [1—4]. Although there is a considerable risk in
patients with significant co-morbidity, conventional surgery
remains an option because the mortality rate for conservative
treatment at 2 years is ~76% [5].

Surgical treatments for thoracic aortic aneurysms have
recently shifted to endovascular aortic repair because it is
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less invasive and improves postoperative QOL. In addition,
the incidence of postoperative paraplegia in endovascular
aortic repair for thoracic aortic aneurysms has decreased
extremely [6—8]. In an attempt to prevent paraplegia, we
developed a hybrid TAAA repair in 1997, consisting of
abdominal visceral reconstruction and extended endovas-
cular aortic repair. Early favourable outcomes encouraged
another group to perform this procedure in patients suitable
for this surgery as well [9—11]; however, the long-term
results of their study have not been reported.

In the present study, we evaluated the early and long-term
results obtained from this procedure in our single-centre
experiment.

2. Patients and methods

From January 1993 to July 2009, we performed thoracic
endovascular aortic repair (TEVAR) in 1050 of a total of 1458
thoracic and thoraco-abdominal aortic surgeries. Of these
1050 cases of TEVAR, 86 patients with TAAA underwent TEVAR
with the reconstruction of abdominal visceral arteries in a
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Table 1
Patient's demographics and aortic characteristics.
Patients 86
Mean age (range) 71.6 years (47—86)
Gender ratio (male/female) 62/24
Mean aneurysmal size (range) 65 c¢m (55—88)
Aortic pathologies
Degenerative aortic disease 55
Chronic aortic dissection (Marfan syndrome) 31 (3)
Crawford classification {modified)
Type | {%) 15 (17.4%)
Type i 8 (9.3%)
Type i 31 (36.0%)
Type IV 11 {12.8%)
Type V 21 (24.4%)

procedure named the hybrid TAAA repair (mean age of
patients: 71.6 years; range: 47—86 years; and 62 (72.1%)
patients were male). With the exception of infectious TAAAs,
we performed this hybrid procedure for almost all patients
who were referred to our hospital during this period. Aortic
pathologies included 55 degenerative aneurysms and 31
chronic aortic dissections, and three patients had Marfan
syndrome. Aneurysms were classified according to the
modified Crawford classification: type | (n=15), type Il
(n=8), type Il (n=31), type IV (n=11) and type V (n=21);
type [l TAAA was the most common (36% of patients). Median
TAAA maximum diameter on the short-axis image was 65 mm
(range: 55—88 mm; Table 1). Elective operations were
performed in 76 cases (88.4%), and urgent operations were
performed in eight patients who were symptomatic but had
no radiographic evidence of rupture. The remaining two
cases had radiographic evidence of rupture. These patients
were high-risk cases with preoperative co-morbidity. Cere-
brospinal disorders were present in 19 cases (22.1%),
coronary artery disease in 22 cases (25.6%), chronic
obstructive pulmonary disease (COPD) in 16 cases (18.6%),
a histology of thoracotomy in 18 cases (20.9%) and a history of
previous cardiovascular surgery in 29 cases (33.7% cardiac
surgery, n=7; ascending, n = 4; aortic arch, n=3; descend-
ing, n=8; thoraco-abdominal, n=2; and abdominal, n=5;
Table 2). In all cases, a 64-row multi-slice computed
tomography (CT) was performed for planning and sizing.
Anatomical inclusion criteria for this procedure were as
follows: length of proximal and distal landing zone longer
than 20 mm, aortic neck diameter of 18—42 mm and absence
of circumferential thrombus and the possibility of a visceral

Table 2

Preoperative patient profiles.

Coronary artery disease (%) 22 (25.6%)
Cerebrospinal disorder 19 (22.1%)
Chronic obstructive pulmonary disease 16 (18.6%)
History of thracotomy ) 18 (20.9%)
History of previous cardiovascular disease 29 (33.7%)
Cardiac surgery 7
Vascular surgery 22
Ascending 4

Aortic arch 3
Descending 8
Thoraco-abdominal 2
Abdominal 5

artery de-branching. Patients were evaluated by post-
operative contrast CT scans at 1, 6 and 12 months, and
annually thereafter.

2.1. Operative procedure

Prior to the procedure, we created cross-shaped bypass
grafts with a 12-mm woven graft and an 8-mm polytetra-
fluorpethylene (PTFE) graft. Procedures were performed
under general anaesthesia in an operating room. Following
laparotomy, a coeliac artery, a superior mesenteric artery,
bilateral renal arteries and the inflow site of bypassing were
exposed. Bypass grafts were then constructed from the aortic
bifurcation or common iliac artery to the superior mesenteric
artery and bilateral renal arteries. The choice of the inflow
site was based on the extent of TAAA, whether or not prior
abdominal aortic repair had been performed and the quality
of the walls of the native aorta and iliac arteries.

Next, side-to-end anastomoses were created by suturing
the 12-mm woven graft to a superior mesenteric artery from
the inflow site, and end-to-end anastomoses were created by
suturing bilateral renal arteries with 8-mm PTFE grafts
anastomosed to the woven graft. Finally, side-to-end
anastomoses were created by connecting a saphenous vein
graft to a coeliac artery with ante-pancreatic graft routing.
When we confirmed good collateral circulation from the
superior mesenteric artery to the coeliac artery, we occluded
the coeliac artery. Grafts were covered with retroperitoneal
soft tissue at the end of all procedures (Fig. 1).

We then proceeded to the TEVAR procedure. Shin
incisions were made in both groins and both femoral arteries
were exposed for stent-graft delivery and aortic fluoroscopy.
We used a common iliac artery for the retroperitoneal
approach when the femoral artery was too small for sheath
insertion. The device-deployment procedure was the same
for each device system. When the size discrepancy between
proximal and distal sites of the landing zone was at least
120%, tapered devices were used (e.g., home-made devices
or the Talent Thoracic Tapered Stent Graft). In almost all
cases, TEVAR was performed on the day after the bypass
procedure.

The absence of endoleaks and good patency of visceral
bypasses were assessed by completion aortography after
deployment of the stent-grafts in all cases.

Fig. 1. The procedure of hybrid endovascular aortic repair for thoraco-ab-
dominal aortic aneurysms (see text).
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For spinal cord protection, cerebrospinal fluid drainage
and a dose of naloxone were initiated during the operation
and continued for 24 and 72 h after surgery, respectively, in
all cases. Cerebrospinal fluid was allowed to drain freely with
gravity with a target pressure of 10 mmHg.

2.2. Statistical analysis

All data were analysed retrospectively. Continuous
variables were expressed as mean + standard deviation and
categorical variables as percentages. Survival and freedom
from aortic events were estimated by the Kaplan—Meier
method. Data analysis was performed using the Statistical
Package of Social Sciences version 11 (SPSS 11.0) for Windows
(SPSS Inc. Chicago, IL, USA).

3. Results
3.1. Procedural results

In 11 cases (including two cases of rupture), operations
were performed simultaneously, and 75 patients received
staged operations. In staged operations, the mean interval
between bypass and TEVAR was 1.2 days {range: 1—6 days).

Atotal of 304 visceral artery bypasses were performed (56
to the coeliac artery, 86 to the superior mesenteric artery
and 83 to bilateral renal arteries). Mean number of bypass
grafts was 3.6. A total of 49 patients received a quadruple
bypass involving all abdominal visceral arteries, 34 received a
triple bypass and three received a double bypass. Bypass to
the coeliac artery was not performed in 34 cases. The coeliac
artery was shown to be occluded in preoperative CT scans in
nine cases. In 25 cases, we verified good collateral circulation
from the superior mesenteric artery to the coeliac artery, so
we occluded the coeliac artery during surgery by ligation
(n = 6) or by coiling before the operation (n=19) (Table 3).

For the present study, we used home-made devices (thin-
walled polyester grafts and stainless-steel Z stents) in 75
cases, TAG thoracic endoprostheses (WL Gore & Associates,
Phoenix, AZ, USA) in 10 cases and the Talent Thoracic Stent
Graft (Medtronic, Minneapolis, USA) in one case {(mean
number of devices used: 2.4). In 27 cases, we used tapered
devices (home-made devices, n = 26: Talent devices, n=1).

Mean operative time was 382 min (reconstruction of
visceral arteries: 259 min; TEVAR: 123 min). The access
vessels for TEVAR were the common femoral artery (n = 75),
iliac artery (n =9) and aortic prosthetic grafts (n = 2).

Table 3

Visceral artery bypass of the hybrid TAAA repair.

Total amount of visceral bypass grafts 304

Target vessels
Coeliac artery 56
Superior mesenteric artery 86
Left renal artery 83
Right renal artery 83
Mean number of bypass grafts 3.6
Quadruple bypass (coeliac, SMA, bil. renal) 49
Triple bypass (SMA, bil. renal) 34
Two bypass (coeliac, SMA) 3

Intra-operative type | endoleaks were detected in four
cases, so we treated these with Palmatz XL (Cordis Co., New
Brunswick, NJ, USA), and endoleaks were eliminated in all
cases.

3.2. Early results

Procedural success was achieved in all cases. Two patients
(2.3%) died within 30 days of the operations, one due to
bowel necrosis by a thrombus and the other due to sepsis
from cholecystic necrosis. Shaggy aortae were detected by
preoperative CT scan in both cases. No patient deaths
occurred prior to discharge from our hospital.

Postoperative complications included minor brain infarc-
tion (n = 1), acute renal failure without haemodialysis (n = 2),
prolonged ileus (>7 days, n=3) and one graft to the renal
artery was occluded at 2 months following surgery, however,
the patient’s other kidney remained well preserved with a
functioning graft, and no further intervention was pursued. In
this study, we observed no incidences of paraplegia and one
case of transient paraparesis, and all patients were discharged
after achieving independent gait. Median duration of hospital
stay was 26 days (range: 14—69 days).

Nine endoleaks (10.5%) were detected by CT scan at the
time of discharge. Type [l endoleaks were observed in five
cases. Back-flow from a superior mesenteric artery to the
aneurysm occurred in two of these cases due to loose ligation
of a superior mesenteric artery, and intervention with coiling
was performed successfully. The other three patients were
followed with CTscan. Type | distal endoleaks occurred in two
cases; these were successfully treated by additional inter-
vention with Palmaz XL stents. Type Il endoleaks were found
in two cases; one patient underwent additional TEVAR, and
one patient was treated with a balloon at the site of the leak.
Both type Il endoleaks were eliminated with these inter-
ventions (Table 4).

We detected an Adamkiewicz artery in 25 patients within
the last several years using a 320-row multi-detector CT; 23
of these were detected prior to surgery. All arteries were
shown to be occluded by TEVAR by postoperative CTscan and
no incidence of postoperative paraplegia occurred in any of
the 23 cases.

3.3. Long-term results
Aneurysmal size was determined by follow-up CT scan

(mean follow-up time: 88.5 months; follow-up completion
rate: 98.8%). All-cause survival rate was 94.8% at 2 years,

Table 4

Early results of the hybrid TAAA repair.

30 days mortality 2.3% (2/86)

Postoperative complications
Renal failure (%) 2 {2.3%)
Prolonged ileus 3 (3.5%)
Graft occlusion 1(1.2%)
Paraplegia 0
Paraparesis (transient) 1(1.2%)
Endoleak 9 (10.5%)
Migration 0

TAAA, thoraco-abdominat aortic aneurysm.

TAAA, thoraco-abdominal aortic aneurysm.
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Fig. 2. All-cause survival rate; 94.8% at 2 years, 85.8% at 5 years, 80.2% at 8
years, and 66.6% at 10 years.

85.8% at 5 years, 80.2% at 8 years and 66.6% at 10 years
(Fig. 2). Only two patients died due to aortic events; one
patient experienced graft occlusion of a superior mesenteric
artery resulting in fatal mesenteric necrosis, and the other
patient experienced graft infection due to a duodenal fistula.
We performed emergency resection of the duodenum and the
graft, but this patient died due to multi-organ failure,

Freedom rate from aortic events was 90.7% at 2 years,
80.6% at 5 years, 70.8% at 8 years and 70.8% at 10 years
(Fig. 3). Three patients underwent operations for other
aneurysms (iliac aneurysm, n=2; annulo-aortic ectasia,
n=1). We detected new endoleaks in five patients during
follow-up; one patient experienced a type | distal endoleak 3
years after the operation, which was successfully treated by
intervention with Palmatz XL stent, and two patients
experienced type Il endoleaks due to stent-graft migration
after 2 years and 3 years. Both patients underwent additional
TEVAR and these endoleaks were eliminated. We identified
type Il endoleaks in two patients during follow-up. Both
patients were followed with CT scan because the size of the
aneurysms did not change.

In the latest CT findings, short-axis imaging of aneurysms
demonstrated shrinkage in 73 cases, no change in 11 cases
and enlargement in two cases. As we were unable to detect
any type of endoleak in the two cases with enlargement, both
cases have been followed intensively with CT scans.

4, Discussion

Surgical treatments have recently shifted to minimally
invasive procedures to improve postoperative QOL. As
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Fig. 3. Freedom rate from aortic events; 90.7% at 2 years, 80.6% at 5 years,
70.8% at 8 years, and 70.8 at 10 years.

pioneers of this procedure, we have achieved solid results
in endovascular aortic repair with stent-grafts since 1993
[12]. Postoperative paraplegia after endovascular repair for
inferior thoracic aneurysms has been considerably reduced in
our experience. We have, therefore, developed a new
procedure, which allows for reconstruction of visceral
arteries followed by TEVAR to cover the entire aneurysm.

The present study obtained excellent early and long-term
results. All-cause survival rate was 80.2% at 8 years, and
66.6% at 10 years, which is significantly higher than rates
observed following conventional surgical procedures. One
reason for our good results was our follow-up system. For
long-term follow-up, all patients received CT scans once
every year to prevent serious issues such as aortic rupture
due to stent-migration or endoleaks. Freedom from aortic-
related events was 70.8% both at 8 and 10 years, due to
migrations and endoleaks that are specific complications of
endovascular repair. We identified five new endoleaks, three
of which required critical attention. These patients could
have died had we not detected the endoleaks by CT scan.

Graft patency is the most important factor for obtaining
good long-term results from this procedure. in the long-term,
only two patients died due to graft problems. We achieved
excellent graft patency of bypassing to visceral arteries,
which represented good long-term results Encouraging
patency rates of 90—95% at 3 years have been reported in
some series of bypass grafting for chronic mesenteric
ischaemia and treatment of renal artery stenosis [13,14].
However, the safety and durability of retrograde bypass
grafting have remained controversial. Kansal et al. [15]
reported no difference in patency between antegrade and
retrograde grafts in this later series.

Attainment of satisfactory patency for bypassing as well as
excellent long-term results depends on the management of
graft bypassing. The following three key points are
recommended as ways to obtain good bypass patency.

(1) Bypass-graft shape
We created a cross-shaped graft for visceral bypass-
ing, as described in Fig. 1. The bypass technique with this
was simple and required a short operative time due to
the few sites for anastomoses. In addition, graft lengths
were short, especially in renal arteries.
(2) Selection of bypass-inflow sites
The appropriate choice of inflow sites is very
important for excellent long-term graft patency. Pros-
thetic grafts are thought to be the best inflow sites for
the visceral bypass to avoid sutures on the atheroscle-
rotic native arterial wall and emboli from shaggy aortas
[16]. We, therefore, performed graft replacement of
abdominal aortas in 32 cases even when aneurysms were
small. When the common iliac artery was used for the
graft inflow, we also performed graft replacement to
attain the ideal inflow.
(3) Bypass-graft route
Bypass-graft routes must also be selected carefully;
we had a patient with a duodenal fistula. After
experiencing this complication, we have tried to
maintain separation of the grafts from the gastrointest-
inal tract by covering grafts with retroperitoneal soft
tissue [16]. Visceral grafts require close monitoring to
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reduce the risk of late enteric erosion or fistula in their
extra-anatomic route.

The most significant advantage of this procedure is the
extremely low incidence of postoperative paraplegia. We had
only one patient with transient paraparesis on the day
following surgery from hypotension due to paroxysmal atrial
fibrillation; by maintaining increased blood pressure, this
patient recovered completely. According to a report from
Griepp and Griepp [17], the spinal cord has high collateral
circulation and a collateral network. Therefore, if we
occlude several intercostal arteries, spinal cord ischaemia
may not occur immediately. In addition, some believe that
reconstruction of the Adamkiewicz artery may be important
to prevent postoperative paraplegia. However, Adamkiewicz
arteries were detected by preoperative CT in 22 cases
occluded by TEVAR in the present study, and there was no
incidence of postoperative parapltegia in these cases. Thus,
the necessity for reconstruction of intercostal arteries for
TAAA repair should be reconsidered.

Some studies have reported a ‘steal phenomenon’, which
describes back-flow from intercostal arteries in the aorta
where the aorta was dissected between the aortic clamping
for the graft replacement of an aortic aneurysm [17—19].
Some studies reported that postoperative paraplegia was not
common when conventional surgery for thoracic descending
aneurysm was performed after ligation of the intercostal
arteries in the operative lesion [19,20]; this procedure may
prevent the steal phenomenon in cases where conventional
TAAA surgery surgeries are performed. Thus, it is not difficult
to understand how the rate of postoperative paraplegia is
reduced due to the absence of the steal phenomenon in
TEVAR.

The chaice of simultaneous or staged procedures is an
issue in hybrid TAAA repair and is made according to the
specific clinical situation of each case. The staged strategy
reduces operative invasiveness and postoperative complica-
tions, but as the interval between the bypass operation and
TEVAR is extended. The risk of rupture may increase. In our
treatment strategy, we use a staged operation, and TEVAR is
performed on the day after re-vascularisation of visceral
arteries.

Although we have achieved satisfactory early and long-
term results for the hybrid TAAA repair, this procedure is not
appropriate for all TAAAs. Additional long-term results are
needed prior to use of this surgery in young patients. A
branched device is strongly desired in the endovascular field
[21,22]; if a branched device is approved for TAAAs, surgery
to treat TAAAs will shift to simple TEVAR with branched
devices. In the meantime, this hybrid procedure with TEVAR
may become one of the standard procedures.

5. Conclusion

We have obtained satisfactory early results for hybrid
TAAA repair; in particular, the complete lack of postoperative
paraplegia strongly encourages us to use this procedure
without hesitation. In the long term, the rate of aortic event-
related death was extremely low. There were more than a
few aortic events, especially specific complications related

to endovascular repair, such as migrations and endoleaks;
these patients required follow-up CT scans at regular
intervals.

Based on our early and long-term results, we conclude
that the hybrid TAAA repair may become one of the standard
surgeries for TAAAs in high-risk patients although sufficient
follow-up is needed for visceral bypass.
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Appendix A. Conference discussion

Dr M. Grimm (Vienna, Austria): The results are very impressive and in
contrast to the currently available literature reporting these small results in
this combined approach. As a consequence, | feel that it is important to work
out factors that are perhaps responsible for this difference to the current
titerature with your resutts.

In the current literature, most of the reports are dealing with Caucasian
people suffering from obesity, they are suffering from COPD, so surgical
exposure during the initial procedure seems to be more problematic than in
people from Asia, as we know that these people are smaller. Do you think, this
is my first question, that the smaller body surface area or body mass index of
Japanese people maybe makes it technically simpler as compared to Caucasian
patients?

The second question is: These are truly very excellent results. Never-
theless when comparing it with results of the surgical repair of a thoraco-
abdominal replacement of the aorta, don’t you think that the higher need of
repeated investigations by CT scans may be problematic for the patient and
also more costly?

And the third question is: Could you be so kind as to give us a definition.
What is a high-risk patient in your cohort and what is a tow-risk patient? And do
tow-risk patients go into conventional surgery?

Dr Kuratani: All of the Japanese patients are, as you say, very small and
the Asian people are the same. But usually it is better to expose the artery or
the anastomosis. The Japanese people and the Asian people have a very low
rate of diabetes or hypertension, so the aorta and also the artery are good. It is
better in such a small surface patient, it is better to use this operation.

And as to cost, there are many cities in Japan, and there is a difference in
the insurance compared to Europe and the USA. But | think that the cost is
higher than the conventional operation, because there are many CT scans and
checking is a need in the difficult patient. So maybe the cost is higher. And so

we selected only the high-risk patients. For the low-risk patients, it is better to
do the conventional operation. Maybe the risk is maybe the same.

Dr Grimm: Could you just briefly give us an impression, what is high risk?
What are risk factors that turn people into high-risk or low-risk groups in your
series?

Dr Kuratani: The high-risk series, high risk is okay.

Dr G. Wheatley {Phoenix, Arizona, USA): Why did you choose a saphenous
vein graft to the coeliac artery versus PTFE?

Dr Kuratani: Before we used a PTFE graft. In one case we had intestine and
also a gastric fistula occurring with this PTFE graft, so that we changed it to the
saphenous vein graft. After the changing, we have no problem with this graft.

DrJ. Bachet (Abu Dhabi, United Arab Emirates): I’'m very impressed by the
number of patients that you find in your experience, 86 patients of this kind is
an important number. 1 have no experience in this matter, so my question
should be irrelevant. But, as | observe, it is heavy surgery. So to repeat what
the previous discussant said, how did you define what are high-risk patients and
not high-risk patients?

And a subsidiary question: is the use of your method a systematic poticy in
your department or it applied only to a few selected patients?

Dr Kuratani: That’s a very difficult question. This operation is not so risk
invasive, | think. So this operation, | avoid thoracotomy and the postoperative
paraplegia rate is very tow. This point is very good for this operation. The
hybrid operation with this TEVAR operation, | think in the future, if the
branched stent-graft is approved, maybe we can use this stent-graft. But now
we cannot use this stent-graft, so as such avoids postoperative paraplegia,
maybe this operation is an advantage for such a patient.

Dr Bachet: Yes. But I’'m somewhat surprised that you focus only on
paraplegia. There are other complications in this kind of surgery, like death,
for instance. Having done a few cases of vascular surgery in my life, 1 know, as
everybody here, that from time to time those Dacron prostheses get occluded.
For instance, when you put the two renal arteries in the same mustache on an
iliac deviation as |'ve seen on one of your slides, in how many patients will this
occlude in the future? You don’t know. And we know that surgery is not always
perfect. | mean, the grafts might be too long and kink, they can be too short
and be stretched, et cetera. So don’t you think that you may be trading a risk
for another higher risk?

Dr Kuratani: You say that maybe we use a long bypass, so there is some
trouble in the future. But we have a long-term result in the 10 years. We have
two cases with a {eft occlusion. One case in the renal artery occlusion, and one
case the supramesenteric artery bypass occlusion, and there is no kinking. This
is a technical problem. We changed the operation and change it, change it,
change it. And before we used a long bypass on each visceral bypasses. And now
we use this bypass system. After changing to this bypass system, we have no
occluded and also no kinking and no problem about the graft problem.
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Abstract

Objective: To present our experience of total aortic arch replacement through a left posterolateral thoracotomy. Methods: Sixteen patients
(13 males; mean age 62.1 + 11.3 years) with extended thoracic aortic aneurysms, including those in the thoracoabdominal aorta, underwent
replacement through a left posterolateral thoracotomy. The pathology of the diseased aorta was non-dissecting aneurysm due to aortitis in 1
patient and aortic dissection in 15 patients {acute type A: 1, chronic type A: 12, chronic type B: 2). In a prior operation, the patient with aortitis
had undergone the Bentall procedure with endovascular stenting of the brachiocephalic artery, and among the other 15 patients, one previousty
had endovascular stenting for the aortic arch and 12 had hemi-arch replacement for acute type A dissection. Extension of arch replacement was
the aortic arch and descending aorta in eight patients, the ascending arch and descending aorta in five patients and the descending arch, and
thoracoabdominal aorta in three patients. Additional retroperitoneal dissection was required for the repair of a thoracoabdominal aortic
aneurysm. Results: One patient died of traumatic cerebral hemorrhage on day 145 (hospital mortality 6.3%). Average duration of ventilation
support was 19.4 + 17.0 h and length of ICU stay was 3.6 + 1.6 days. Actuarial survival at 2 years after the operations was 67.7%. However, no
aortic-related mortality was observed during follow-up. Conclusions: Early results of extended aortic arch replacement through a left

posterolateral thoracotomy were satisfactory in selected patients.

© 2008 European Association for Cardio-Thoracic Surgery. Published by Elsevier B.V. All rights reserved.

Keywords: Extended thoracic aneurysm; Left side thoracotomy

1. Introduction

Repair of an extended thoracic aneurysm is challenging. A
staged operation is often preferred with safety as the priority
[1,2]; however, this strategy may result in greater than
expected mortality when considering the combined mortality
from the first and second procedures as well as death in the
interval between procedures {3].

A one-stage operation is highly effective in terms of both
long-term survival and quality of life. However, careful
patient selection based on preoperative comorbidity is of
vital importance. Simple incision and good aortic exposure is
mandatory in the one-stage treatment for extensive thoracic
aneurysms. Brain protection during the arch replacement is

* Corresponding author. Address: Department of Surgery, Division of Cardi-
ovascular Surgery, Kobe University Graduate School of Medicine, 7-5-2, Kusu-
noki-cho, Chuo-ku, Kobe, 650-0017, Japan. Tel.: +81 78 382 5942;
fax: +81 78 382 5959.

E-mail address: yutamo@aol.com (K. Okada).

another important issue in obtaining a satisfactory outcome
[41.

Median sternotomy is the gold standard to access the
aortic arch, however, exposure of the distal descending
aorta is limited even if additional left anterolateral
thoracotomy is applied. Residual dissection from the aortic
arch down to the descending or thoracoabdominal aorta
after ascending aortic replacement for acute type A
dissection is often encountered, which requires an extended
replacement of the aortic arch. Kouchoukos et al. reported
excellent results of a one-stage operation for extended
thoracic aneurysms through a clam-shell incision using the
arch-first technique [5]. Left posterolateral thoracotomy is
another beneficial option to access the ascending, arch and
entire descending aorta, which allows for performance of
even a thoracoabdominal procedure by entering the retro-
peritoneal space.

This report describes the surgical experience in repair of
thoracic aneurysms through the left posterolateral thor-
acotomy.

1010-7940/$ — see front matter © 2008 European Association for Cardio-Thoracic Surgery. Published by Elsevier B.V. Al rights reserved.
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Table 1
Patient profile.

271

Case Age Sex Extent Dissection Previous operation Preoperative comorbidity
1 52 M As, A, Ds No Bentatl Aortitis
2 80 M As, A, Ds Chronic-8 Nit DIC
3 73 M As, A, Ds Chronic-B TEVAR CRF
4 44 M As, A, Ds Acute-A Nil Leg malperfusion
5 80 M STJ, As, A, Ds Chronic-A Hemi-arch s/p AAA repair
6 70 M A, Ds Chronic-A Hemi-arch Nit
7 55 M A, Ds Chronic-A Hemi-arch Nit
8 69 M A, Ds Chronic-A Hemi-arch Epidural hematoma
9 48 M A, Ds Chronic-A Hemi-arch 1gA nephropathy
10 58 M A, Ds Chronic-A Hemi-arch Nil
11 68 F A, Ds Chronic-A Hemi-arch Nil
12 77 F A, Ds Chronic-A Hemi-arch Tracheostomy, malignant
13 60 M A, Ds Chronic-A Hemi-arch, TEVAR Stroke, DIC
14 62 M A, Ds, TA Chronic-A Hemi-arch OMI, stroke, CRF
15 64 F A, Ds, TA Chronic-A Hemi-arch Nil
16 49 M A, Ds, TA Chronic-A Hemi-arch Nil

As: ascending aorta, A: aortic arch, Ds: descending aorta, $TJ: sino-tubutar junction, TA: thoracoabdominal aortic aneurysm, TEVAR: endovascular thoracic aortic
repair, DIC: disseminated intravascular coagulation, OMI: old myocardial infarction, CRF: chronic renal faiture, AAA: abdominal aortic aneurysm.

2. Methods and patients profile

From 2002 to 2007, 16 patients underwent one-stage
repair of extended thoracic aneurysms {all including the
aortic arch and descending aorta of varying lengths) through
a left posterolateral thoracotomy. Profiles of the patients
were retrospectively reviewed and are shown in Table 1. The
average age was 62.1 + 11.3 years (range: 44—80) and 13 of
the 16 patients were male. Chronic type A dissection (n = 12)
was the major aortic pathology among these patients and all
12 patients (cases 5—16) underwent ascending aortic
replacement and had progressive enlargement of residual
dissection of the aortic arch and the descending aorta. One
patient {case 1), who had undergone a Bentall operation and
stenting in the brachiocephalic artery aneurysm due to
aortitis, had a non-dissected aneurysm from the ascending,
aortic arch to the descending aorta. Another patient (case 2)
had dilated chronic type B 3-channel dissection associated
with the arch aneurysm. Two patients {cases 2 and 3) had
chronic type B dissection. Cases 3 and 13 had undergone
endovascular thoracic aortic repair (TEVAR) from the aortic
arch to the descending aorta, followed by progressive aortic
dilatation due to type | endoleak. One patient (case 4) had
acute type A aortic dissection complicated by rupture of the
descending aorta and right leg malperfusion [6]. Three
patients (cases 14, 15 and 16) had extensive dilation further
down to the thoracoabdominal aorta (Crawford type I, I, 1)
(Table 1).

3. Preoperative risk evaluation (Table 1)

With regard to preoperative brain complications, one
patient (case 8) had an epidural hematoma, which required
the external decompression of the brain before the aortic
repair and another (case 13) had experienced a stroke after
the previous TEVAR. Case 14 had stenosis of the right middle
cerebral artery accompanied by an old cerebral infarction.
Three patients had preoperative chronic renal failure (cases
3, 9 and 14). Case 5 had an abdominal aortic aneurysm (AAA)
and previously had undergone the replacement of an AAA.

Two patients (cases 2 and 13) were diagnosed to have DIC
with a decreased platelet count and increased FDP level. The
average standard EuroSCORE was 9.7 & 2.5, ranging from 6 to
15. Case 4, who had acute type A aortic dissection with left
leg malperfusion and a rupture in the left pleural cavity,
underwent surgery on emergency basis (Table 2).

4, Surgical procedure

With the patient in the right recumbent position, the
entire thoracic aorta was exposed through the 4th intercostal
spaces with or without left rib-cross thoracotomy [7]. The 5th
rib was transected anteriorly or posteriorly, which provided
sufficient aortic exposure (Fig. 1A). The 6th rib was

Fig. 1. Schema of thoracotomy. (A) Left side thoracotomy through the left 4th
intercostal space. The 5th rib was transected anteriorly or posteriorly. (B) Left
side rib-cross thoracotomy. The 4th and 7th intercostal spaces were opened.
The 5th, 6th, and 7th ribs were transected at the midaxillar line, afterward the
8th costal cartilage was transected.
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Tabte 2
Operative procedure and outcome.

Case Urgency Repair Brain protection Reconstruction of arch vessels SCP/DHCA time {(min) Myocardial ischemic time {min)
1 Elective As, A, Ds DHCA, RCA island, arch-first 40 66
2 Elective As, A, Ds DHCA, RCA Island, arch-first 30 60
3 Elective As, A, Ds DHCA, RCA Istand, arch-first 43 60
4 Emergent As, A, Ds SCP Three branched 102 172
5 Elective As, A, Ds SCP Three branched 162 M
[ Elective A, Ds scp Istand 79 113
7 Elective A, Ds SCP Island 84 97
8 Elective A, Ds SCP tsland 97 107
9 Elective A, Ds SCP island 56 68

10 Elective A, Ds Scp Island 64 54

11 Elective A, Ds ScP Istand 55 65

12 Elective A, Ds Scp Istand 83 92

13 Elective A, Ds? SCP Istand 90 70

14 Elective A, Ds, TA SCP Istand 53 62

15 Elective A, Ds, TA SCP Istand 108 81

16 Elective A, Ds, TA SCP Istand 64 68

As: ascending aorta, A: aortic arch, Ds: descending aorta, FA: femorat artery, FV: femoral vein; mPA: main pulmonary artery, RA: right atrium, DHCA: deep
hypothermic circutatory arrest, RCA: retrograde cerebral perfusion, SCP: selective cerebral perfusion.

® 8th intercostal artery reattachment,

transected particularly for thoracoabdominal procedure.
With regard to the rib-cross thoracotomy (case 4), a skin
incision was made from the midpoint between the spinal
process and the scapula, around the lower end point of the
scapula, down to the left subchondral lesion. The 4th and 7th
intercostal spaces were opened, after which the 5th, 6th,
and 7th ribs were transected at the midaxillar line. The 8th
costal cartilage was transected along the incision through the
7th intercostal space (Fig. 1B). The sternum was not
transected and the left internal thoracic artery was
preserved in all cases. Cardiopulmonary bypass was estab-
lished using the femoral artery for arterial return and the left
femoral vein (n=7), the pulmonary artery (n=8) or both
(n = 1) for venous drainage. Patients were cooled down to at
22.8 + 3.8 °C (range: 16—28 °C) as measured by a tympanic
thermometer. An aortic cross-clamp was placed on the mid-
part of the descending aorta, maintaining lower body
perfusion. The aorta was opened from the proximal
descending aorta to the ascending aorta mainly up to the
previous prosthetic graft for the ascending aortic replace-
ment. Cardioplegic solution was given from inside the
ascending aorta with a balloon-tipped catheter, and selective
cerebral perfusion was established using balloon-tipped
catheters from inside the aortic arch. A Dacron graft was
anastomosed to the previous graft or the ascending aorta first
in the majority of cases (Fig. 2). Afterward, arch vessels were
reconstructed as an island cuff in 14 cases. Brain protection
was provided by antegrade selective cerebral perfusion
under deep hypothermia in 13 patients or deep hypothermic
circulatory arrest with complementary retrograde cerebral
perfusion in 3 patients (Table 2). Systemic rewarming was
initiated after the reconstruction of the arch vessels.
Perfusion of the heart and brain was re-established through
the side branch of the prosthetic graft. The distal descending
aorta was transected at a normal caliber, and the graft was
anastomosed to both the true and false lumen to maintain
patency distally and to prevent malperfusion of the visceral
vital organs or legs. Three patients (cases 14, 15 and 16) with
a dilated thoracoabdominal aorta underwent additional

replacement down to the previous abdominal Y graft or
the terminal aortic bifurcation under the selective perfusion
of visceral organs (Fig. 3). Five intercostal arteries were
reattached in each case.

5. Extent of the repair

The extent of the thoracic aortic replacement is shown in
Table 2, which was from the ascending aorta, arch to the mid-
descending aorta in five patients (cases 1—5), aortic arch to
the mid-descending aorta in eight patients {cases 6—13) and
from the arch down to the thoracoabdominal aorta in three
patients (cases 14—16), respectively.

5.1. Statistical analysis

Data were expressed as mean = SD. Actuarial survival was
assessed by the Kaplan—Meier method using the SPSS package
for Windows (SPSS Inc., Chicago, IL).

6. Results
6.1. Early results

One patient (case 2), who had the comorbidity of DIC, died
during hospitalization from traumatic brain bleeding on day
145 (hospital mortality 6.3%). Cardiopulmonary bypass time
was 209.1 +58.8 min, myocardial ischemic time was
82.9 4+ 29.8 min, SCP time was 84.4 + 29.7 min and CA with
RCP time was 37.7 + 6.8 min (Table 2). Postoperative ICU
stay was 3.6 + 1.6 days. The postoperative profiles of the
patient group are shown in Table 3. A reversible ischemic
neurological deficit manifested by right forearm paralysis
was observed in case 11, but no other brain complications
were noted. Case 14, who underwent extended replacement
down to the thoracoabdominal aorta, had temporary
paraparesis and ischemic colitis, but had recovered com-
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Fig. 2. Exposure of the ascending aorta and aortic arch through left side thoracotomy (case 11). (A) Surgeon’s view through the left side thoracotomy through the teft
4th intercostal space. Aortic arch aneurysm was opened, through which antegrade selective cerebral perfusion (SCP) cannulae was inserted into neck vessels.
Previous graft was grasped by Kelly clamp. {B) Schema of (A). (C) New graft was anastomosed to the previous graft. Ascending aorta was accessible through this
thoracotomy. (D) Schema of {C).

Table 3

Postoperative patent profile.

Number Respiratory support (h) ICU stay (days) Complications Cutcome
1 15 4 Nil Alive
2 19 3 Traumatic intracranial bleeding, Gl bieeding Dead
3 17 3 Hoarseness, pleural effusion Alive
4 56 6 Phrenic nerve palsy, prolonged respiratory assistance Alive
5 16 4 Mediastinal bleeding Alive
6 14 3 Af Alive
7 33 3 Pleural effusion, prolonged respiratory support Alive
8 14 5 Nil Alive
9 7 2 Nil Alive

10 4 2 Nil Alive

i3l 5 3 RIND Alive

12 7 3 Pneumothorax Alive

13 10 2 Pleural effusion Alive

14 19 3 Paraparesis, ischemic colitis Alive

15 13 8 Hoarseness Alive

16 62 4 Pleural effusion, prolonged respiratory support Alive

As: ascending aorta, A: aortic arch, Ds: descending aorta, FA: femoral artery, FV: femoral vein mPA: main pulmonary artery, RA: right atrium, DHCA: deep hypothermic
circulatory arrest, RCA: retrograde cerebral perfusion, SCP: selective cerebral perfusion, Gl: gastrointestinal, RIND: reversible ischemic neurological deficit.
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Fig. 3. Pre- and postoperative CT scan (case 10). (A) Preoperative CT scan
demonstrated chronic type A dissection from the arch to thoracoabdominat
aorta after hemi-arch reptacement. (B) Postoperative CT scan showed entire
thoracic and thoracoabdominal aortic aneurysm replacement.

pletely by discharge. Respiratory failure, defined as the
necessity of more than 48 h support by mechanical ventila-
tion, was observed in three patients (cases 4, 7 and 16).
Average duration of respiratory support was 19.4 4+ 17.0h
(range: 4—62 h). Intractable pulmonary bleeding was not
observed.
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Fig. 4. Actuarial survival after the operation.

6.2. Mid-term results

Follow-up was 100% completed. Average follow-up was
16.4 + 12.6 months (range: 1.4—45.5 months). During follow-
up, cases 1 and 7 died due to pneumonia and the rupture of a
pre-existing middle cerebral artery aneurysm, respectively.
Actuarial survival at 2 years after surgery was 67.7% (95% Cl:
0.13—1.23) (Fig. 4). However, no aortic-related mortality was
observed.

7. Discussions

Patients who underwent ascending aorta or hemi-arch
replacement for acute type A dissection sometimes had
extensive thoracic aortic aneurysms due to residual flow in
the distal false lumen [8]. When patients are carefully
selected based on the evaluation of preoperative comorbid-
ity, a single stage operation can be expected to be highly
effective in terms of long-term survival and quality of life.
Svensson et al. [9], Massimo et al. [10] and Hu et al. [11] had
reported the superior cutcome of one-stage surgery for
extended thoracic aortic aneurysms.

Wide exposure with a simple incision is mandatory and of
primary importance in one-stage treatment for extensive
thoracic aneurysms. Median sternotomy is the gold standard
to access the aortic arch; however, exposure to the distal
descending aorta is limited even if additional left ante-
rolateral thoracotomy is applied. Kouchoukos et al. [5]
reported the clam-shell approach as an excellent procedure
for one-stage extended aortic arch replacement. We entirely
agree that the clam-shell approach is highly useful if aortic
root replacement is required.

In the current series, we could approach the ascending
aorta, aortic arch and entire descending aorta through a left
posterolateral thoracotomy alone. In case 5, who had
undergone hemi-arch replacement, there was an unexpected
disruption of the proximal anastomosis of the previous hemi-
arch graft at the sino-tubular junction (STJ) level during the
operation that required access to that level and that resulted
in successful repair. A sternum transverse division might be
an additional option to obtain better working space for the
aortic root. However, we believe that avoiding division of the
sternum while preserving the internal thoracic artery is
important in terms of wound healing and possible future
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