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Introduction

Simultaneous surgery for the treatment of multiple 
aortic aneurysms is theoretically desirable, however, 

the high invasiveness involves a high risk for the patient. 
As an alternative, staged surgery is undertaken in the 
majority of cases. To minimize the surgical risk, endo-

vascular aortic repair (EVAR) has been aggressively in-
troduced and has recently become one of the routine 
procedures for the treatment of aortic disease. Although 
EVAR is less invasive, there are of course certain limita-
tions to in application, including the nature of the pathol-
ogy, location of the lesion etc. In order to reduce the risk 
of multiple surgeries, while at the same time trying to 
enhance the outcome of treatment, we developed a hy-
brid type of procedure consisting of a combination of 
conventional routine surgery and EVAR for the treatment 
of multiple aortic aneurysmal diseases. This report de-
scribes our experiences with 15 patients who received 
treatment by this new modality, their surgical outcome 
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Purpose: We evaluated the operative results of our treatment for multiple aortic aneurysms by means of a 
hybrid procedure consisting of a combination of conventional surgical maneuvers and simultaneous or se-
quential endovascular aortic repair (EVAR).
Materials and Methods: From August 1998 to April 2007, a total of 15 patients, 11 men and 4 women, 
ranging in age from 62 to 78 years, were treated with hybrid procedures for multiple aortic aneurysms. 
The pathology of these patients were, atherosclerotic aneurysm in 12 patients, atherosclerotic aneurysm as-
sociated with chronic dissection in 2 and type III chronic dissection in 1 patient. The distribution of aneu-
rysmal locations were as follows: 5 patients had aneurysms at the arch and descending aorta, 1 had at the 
arch and thoracoabdominal aorta, 6 at the descending and abdominal aorta. Two patients with chronic dis-
section had simultaneous abdominal aortic aneurysms. In all except 1 of the 7 patients who had abdominal 
aortic aneurysm, we performed abdominal aneurysmectomy and EVAR simultaneously. In 7 patients, 
EVAR was performed sequentially after graft replacement surgery. In 2 patients, EVAR was the initial 
procedure followed by conventional surgery. The mean interval between first and second stage procedures 
was approximately 4 months.
Results: One patients died of methicillin resistant Staphylococcus aureus pneumonia 3 months after the si-
multaneous procedure, all others were discharged and survive. In particular, no major EVAR linked com-
plication was observed in the follow-up period (range 3 to 91 months, mean 46 months).
Conclusion: The hybrid procedure for the treatment of multiple aortic aneurysmal disease is less invasive 
compared to conventional staged surgery and the outcome in terms of mortality and morbidity in hospital 
as well as long-term follow-up are satisfactory.
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and follow-up results of the procedure, in an attempt to 
work forwards the established of the indications.

Subjects and Materials

Treatment by EVAR for aortic aneurysm was initially 
introduced at our institution in April, 1995 and treatment 
with the hybrid procedure was first attempted in August, 
1998. We treated a total of 873 patients with thoracic aor-
tic aneurysms during the period from April, 1995 to 
April, 2007, including 281 patients receiving conventional 
surgical procedures, 577 patients receiving EVAR and 15 
patients treated by the hybrid procedure i. e., combination 
of the conventional surgical procedure and EVAR, either 
simultaneously or sequentially in a staged approach, for 
multiple aortic aneurismal diseases.

Of these 15 patients, 11 patients were men and 4 were 
women, ranging in age from 62 to 78 years. Most of these 
patients had atherosclerotic aneurysms, of whom 2 had ath-
erosclerotic aneurysm associated with chronic dissection, 
and 1 patient had chronic type III aortic dissection. The dis-
tribution and location of aneurysmal lesions were as follows: 
5 had aneurysms at the aortic arch and the descending aorta, 
one had aneurysms at the aortic arch and the thoracoab-
dominal aorta, 6 had aneurysms at the descending and the 
abdominal aorta, 2 patients with chronic type III dissection 
were associated with abdominal aortic aneurysms.

The definitive indications for hybrid procedure have 
not yet been established, thus the selection of patients 
was determined on an individual base, mainly according 
to the anatomical indications of the application of EVAR 
such as the presence of an intact landing zone with a 
length of at least 20 mm and an aortic diameter of less 
than 40 mm. The application of the hybrid procedure to 
the patients with multiple aortic aneurysms was approved 
on an individual basis by the Institutional Review Board 
of our Tokyo Medical University, and the patients pro-
vided written informed consent after extensive explana-
tion of the treatment.

All of the hybrid procedures were undertaken either 
simultaneously in a one-stage approach or sequentially in 
a staged approach. In 7 of 8 patients with associated si-
multaneous abdominal aneurysmectomy and EVAR were 
performed. In 6 patients, EVAR was performed sequen-
tially after graft replacement surgery. In 2 patients, 
EVAR was applied as the initial procedure followed later 
by conventional surgery.

In EVAR, stent grafts was handmade by the surgical 
staff by connecting modified stainless steel Z stents using 

two support wires and covering the stents using a polyester 
artificial prosthesis. Generally such stents were inserted 
through the femoral artery using a 20-22 F sheath.

Hybrid Procedures

In 6 patients who had associated descending aortic le-
sion (4 patients with atherosclerotic aneurysm and 2 pa-
tients with chronic type III aortic dissection) and the ab-
dominal aortic aneurysm, hybrid procedures were under-
taken simultaneously. The infrarenal abdominal aneu-
rysms were replaced using a bifurcated artificial prosthe-
sis, and stent grafts were inserted, through either the 
femoral artery or a previously prepared artificial lateral 
branch to the main graft, to the designated location in the 
descending aorta. In 9 patients who were sequentially 
treated, conventional surgical repair was performed first 
in 7 patients, followed by EVAR, while EVAR was un-
dertaken first followed by surgical replacement in 2 pa-
tients. The surgical procedures in this group consisted of 
total aortic arch replacement in 6 patients and thoracoab-
dominal aortic replacement in 3 patients. In one patient, 
the aortic arch and the thoracoabdominal aorta were re-
placed in a two-stage operation. The stent grafts in this 
sequential group were placed in the descending aorta or 
the supra-celiac portion of thoracoabdominal aorta. In 5 
patients in whom the total aortic arch was replaced in the 
first procedure, elephant trunk procedures were used for 
distal anastomosis and the trunks of the grafts were used 
as the proximal landing zone for EVAR (Figs. 1, 2). The 
interval between the first and second stage procedure 
ranged from 2 weeks up to 18 months, although the second 
stage procedure was performed less than one month in 5 
patients (Table 1).

Results

One patient (Case 10) who received simultaneous ab-
dominal aortic aneurysmectomy and EVAR of the de-
scending aorta died of multiple organ failure due to pneu-
monia caused by methicillin resistant Staphylococcus au-
erus (hospital mortality rate 6.6%). The postoperative 
courses of the other 14 patients were uneventful, with no 
notable complication. during follow-up observation ranging 
from 3 to 91 months (mean 46 months), no anastomotic 
complication, endoleak or migration-induced increase in 
aneurysmal diameter was seen at the site of the aortic re-
placement or stent graft. Although in Case 8, an aortic arch 
aneurysm developed at 7 years after undergoing simultane-
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Fig. 1 Preoperative enhanced CT demonstrate aortic arch and descending thoracic aortic an-
eurysms in a 68 year old female.

Fig. 2 Postoperative enhanced CT and angiography obtained from the same 
patient in Fig.1 after combined total aortic arch replacement and sec-
ondary endovascular aortic repair for descending thoracic aortic an-
eurysm.

ous abdominal aortic aneurysmectomy and EVAR, total 
aortic arch replacement and coronary artery bypass sur-
gery were performed. Two patients died during the follow-
up period of causes unrelated to the aortic lesions.

Discussion

With the recent increase of atherosclerotic diseases, 

multiple aortic aneurysms are not rare in the clinical set-
ting and the treatment is usually undertaken either by 
one-stage or multiple-staged surgery. If aneurysms are 
located close together, surgery can be performed in si-
multaneously one stage, however, if aneurysms are locat-
ed at the aortic arch and abdominal region, they must be 
treated sequentially by a staged approach, because treat-
ing all the aneurysms in one procedure would be exces-
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sively invasive, casting the operative outcome into doubt. 
When staged surgery is planned, the therapeutic priority 
is determined based on factors such as the aneurysmal 
size, shape, tendency to increase in size, at the same time, 
and it is also important to consider the risk of rupture be-
fore the next surgery. Two patients who had thoracic and 
abdominal aortic aneurysm died of rupture before the 
planned second surgery, therefore, we must be aware of 
the necessity of performing simultaneous surgery with a 
less invasive modality in patient with critical multiple an-
eurysms or shorting interval to the second surgery.

With the recent advances in endovascular therapy, 
EVAR has been increasingly introduced for the treatment 
of aortic aneurysm and the initial results are favorable.1) 
According to the current standards for EVAR, an intact 
landing zone of at least 20 mm and an aortic diameter 
less than 40 mm are required. Therefore in terms of sur-
gical indications, anatomical factors such as the nature of 
arterial lesion as well as aneurysmal morphology play an 
important role, and EVAR should not be undertaken if 
the aneurysm is located near a major aortic branch. Flex-
ible stent grafts for distal aortic arch aneurysms and 
branched or fenestrated stent grafts for maintaining the 
blood flow into the branch have been developed and their 
clinical applications are being evaluated,1-3) but these stent 
grafts have been used only few in institutions. Our hybrid 
procedure combining the conventional surgical approach 
and EVAR has been slowly developed to expand the indi-

cations for the application of EVAR, while, trying to 
minimize the invasiveness of surgery for extensive aortic 
lesions. Previously reported hybrid procedures include: (1) 
total aortic arch replacement during the first surgery fol-
lowed later by EVAR for a descending thoracic aorta le-
sion using the elephant trunk as the landing zone,4) (2) 
EVAR combined with bypass surgery to secure the land-
ing zone for the treatment of aneurysm near the bifurca-
tion area,5, 6) (3) simultaneous EVAR and abdominal aortic 
replacement for the thoracic and the abdominal aortic aneu-
rysms,7) (4) open-stent procedure where a stent graft is in-
serted through the aorta for treatment of a distal aortic arch 
aneurysm with extending to the descending aorta.

According to the above classification, of 15 patients in 
our series, type (1) hybrid procedure was employed in 5 
patients, and type (3) was performed in 7 patients. In the 
other 3 patients, surgical replacement of thoracoabdomi-
nal aorta was undertaken as the initial procedure fol-
lowed by EVAR in one patients and EVAR was per-
formed initially followed by surgical replacement in 2 
patients. All 8 patients except one with accompanying 
abdominal aortic aneurysm, simultaneous procedures of 
abdominal aortic aneurysmectomy followed by EVAR 
were performed. The overall in-hospital mortality rate of 
198 patients who received elective surgical treatment for 
thoracic aortic aneurysms at our institution was 5.1%, and 
among them, mortality rate of patients receiving total 
aortic arch replacement surgery was 5.8%. On the other 

Case Age, Sex Disease Operation Clinical coarse Duration of follow-up

1 71, M TAAarch, TAAdesc TAR → EVG (7M) good 17M
2 64, M TAAarch, TAAdesc TAR → EVG (17M) good 50M
3 68, F TAAarch, TAAdesc TAR → EVG (3W) good 25M
4 68, F TAAarch, TAAdesc TAR → EVG (3W) good 20M
5 66, F TAAarch, TAAA TAR → TAAR (3M) → EVG (18M) good 52M
6 68, M TAAarch, TAAdesc EVG → TAR (2W) good 45M
7 69, F TAAdesc, TAAA, AAA EVG → TAAR, AAR (4W) good 11M
8 63, M TAAdesc, AAA AAR + EVG → TAR (86M) good 89M
9 60, M TAAdesc, AAA AAR + EVG good 66M

10 72, M TAAdesc, AAA AAR + EVG dead 3M
11 75, M TAAdesc, AAA AAR + EVG good 68M
12 74, M DAA, AAA AAR + EVG good 70M
13 78, M DAA, AAA AAR + EVG good 91M
14 69, M TAA, AAA AAR + EVG good 8M
15 62, M DAA TAAR → EVG (3W) good 71M

Table 1　Patient characteristics and clinical outcomes

TAA: thoracic aortic aneurysm, TAAA: thoracoabdominal aortic aneurysm, AAA: abdominal aortic aneurysm, DAA: dissecting 
aortic aneurysm, TAR: total aortic arch replacement, TAAR: thoracoabdominal aortic replacement, AAR: abdominal aortic re-
placement, EVAR: endovascular aortic repair.
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hand, the rate of major complications such as cardiovas-
cular events and spinal cord ischemia in 577 cases treated 
by EVAR for thoracic and thoracoabdominal aortic an-
eurysmal disease was 6.4%. In our present series of 15 
patients receiving hybrid treatment for multiple aortic 
aneurysms, one patient died of sepsis due to methicillin 
resistant Staphylococcus auerus infection. The other 14 
patients were discharged and carefully followed. The follow-
up period ranged from 3 to 91 months (mean 46 months), 
during which time no complications have occurred. Al-
though the follow-up periods may not be sufficient to make 
a conclusion, we believe that the hybrid approach to multiple 
aortic aneurysms patients will reduce the overall risk of sur-
gery, while yielding satisfactory long-term results.

Conclusion

The hybrid procedure combined with conventional 
surgical approach and EVAR, implemented simultane-
ously or sequentially, is effective for the treatment of 
multiple aortic aneurysms and is likely to reduce or min-
imize the risk of simultaneous or sequential multiple sur-
gical procedures. The in-hospital mortality as well as the 
follow-up results in our series were acceptable.   
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