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Optimal graft diameter and location reduce postoperative
complications after total arch replacement with long elephant
trunk for arch aneurysm
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Objective: Total arch replacement with an elephant trunk is a standard treatment for arch aneurysm, but serious
complications, such as paraplegia and peripheral embolization caused by flapping of the elephant trunk, remain.
Moreover, dilation of the descending aorta and retrograde flow into the peri-graft space at the distal elephant
trunk are frequent problems. We hypothesized that optimal graft diameter and location would reduce complica-
tions after total arch replacement with a long elephant trunk by achieving complete thrombosis and minimal di-
lation of the descending aorta around the elephant trunk.

Methods: We treated 65 patients with arch aneurysm by total arch replacement with a long elephant trunk
anastomosed at the base of the innominate artery. The graft diameter was undersized (10%–20% of the distal
aorta’s diameter). Elephant trunk length was determined by preoperative computed tomography to locate the
distal end at Th6 to Th8. Thrombosis around the elephant trunk, diameter of the descending aorta, and distance
between the descending aorta and the graft near the distal end of the elephant trunk were evaluated using
computed tomography.

Results: The distal end of the elephant trunk was located at Th 8� 1. There were no operative deaths, 3 patients
(5%) died in the hospital, and 3 patients (5%) experienced spinal cord injury, including 1 in whom permanent
paraplegia developed. Computed tomography revealed complete thrombosis around the elephant trunk in 58 pa-
tients (89%). The descending aorta did not dilate further, and distance between the descending aorta and the
graft progressively decreased.

Conclusions: Optimal graft diameter and location minimized postoperative complications, with complete
thrombosis and no dilation of the descending aorta around the long elephant trunk in most patients. (J Thorac
Cardiovasc Surg 2011;142:319-25)
Since the original elephant trunk (ET) technique was devel-
oped by Borst and coworkers in 1983,1 2-stage surgery, with
total arch replacement using an ET in the first stage, has
been the preferred treatment for extensive ascending,
arch, and descending aortic aneurysms.2,3 The procedure
involves replacing the ascending aorta and the aortic arch
with a prosthesis and extending the arch graft, the ET, to
the descending aorta through a median sternotomy.1-3 In
the second-stage procedure, the ET can be extended to the
desired level thorough a lateral thoracotomy.1-3 However,
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further dilation of the descending aorta or rupture of the
aneurysmal aorta may still occur if the retrograde flow
from the distal end of the ET into the peri-graft space around
it continues after the first-stage procedure, although this
technique has been modified and improved by several
groups.1,2,4-8 Moreover, serious complications, such as
paraplegia and peripheral embolic complications caused
by flapping of the ET, remain concerns after this procedure.9

Karck and associates10 introduced a novel combined sur-
gical and interventional approach, the so-called frozen ET
procedure, using an oversized stent graft (10%–20% larger
than the diameter of the descending aorta) to prevent retro-
grade flow into the aneurysm. This procedure permits the
surgical treatment to be completed in a single operation
through a median sternotomy. In their procedure, a proto-
type, hybrid prosthesis stent graft is placed in the descend-
ing aorta, antegrade to the aneurysm, through the opened
aortic arch, and the ascending aorta and aortic arch are re-
placed conventionally.10 As a result, the retrograde flow
can be prevented in almost all patients during the early post-
surgical period. However, the continuous radial force of the
rigid and oversized stent graft will force the descending
aorta to dilate around the stent. This effect has led to several
rdiovascular Surgery c Volume 142, Number 2 319
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TABLE 1. Preoperative patient characteristics

Age (y) 70 � 9 (range, 45–85)

Men/women 47 (72%)/18 (28%)

Cerebral infarction 11 (17%)

Coronary artery disease 10 (15%)

Valvular disease 15 (23%)

Abdominal aortic aneurysm 9 (14%)

Abbreviations and Acronyms
ANOVA ¼ analysis of variance
CT ¼ computed tomography
ET ¼ elephant trunk
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cases of peri-graft endoleak or rupture of the descending
aorta in the late postsurgical stage.11 These events indicate
that choosing the appropriate size for the graft is critical, but
this parameter has yet to be established. Furthermore, the
fate of the descending aorta at the distal end of the ET re-
mains unclear. Related to this, the location of the distal
end of the ET is clearly important, because very long ETs
are associated with increased risk of spinal cord injury,
and very short ETsmay promote retrograde flow into the an-
eurysm.12

We reported previously that our modification of the ET
procedure, in which the ET anastomosis is placed in the as-
cending aorta at the base of the innominate artery, prevents
injuries to both the recurrent laryngeal and phrenic nerves,
and results in fewer complications related to intraoperative
hemorrhage.13-15 Our procedure uses an undersized graft,
with a diameter that is 10% to 20% less (range, 18–28
mm) than that of the descending aorta, and the graft
length is chosen so that the distal end of the ET will be
between the sixth and eighth thoracic vertebral level. The
descending aortic diameter and required ET length are
determined by preoperative computed tomography (CT)
scans.

This study addressed the following specific questions
about the graft’s diameter and location: (1) Is the location
of the end of the graft associated with increased risk of spi-
nal cord injury or retrograde flow into the peri-graft space?
(2)Would using an undersized graft (as described above) re-
duce postoperative peripheral embolic events and the
incidence of paraplegia? (3) Would an undersized graft pre-
vent retrograde flow and further dilation of the descending
aorta around the ET?
MATERIALS AND METHODS
Patients

Between July 1999 and March 2009, 85 patients with arch aneurysms

underwent total arch replacement with a long ET. Among them, 65 consec-

utive patients whose thoracic descending aorta was less than 40 mm in di-

ameter at the sixth to eighth thoracic vertebral level were enrolled in this

study after approval was obtained from the institutional review board

and informed consent was provided by each patient. The baseline patient

clinical characteristics, including associated comorbidities, are shown in

Table 1. Ten patients had significant coronary artery disease, requiring

a preoperative percutaneous coronary intervention in 4 and concomitant

coronary artery bypass grafting in 6. Seven patients required aortic valve

replacement, 6 patients required aortic root replacement with a composite

graft, and 1 patient required concomitant aortic valve and mitral valve re-

placement. Sixteen patients received postoperative warfarin therapy after
320 The Journal of Thoracic and Cardiovascular Surg
cardiac valvular surgery or atrial fibrillation, and 10 patients received post-

operative antiplatelet therapy for coronary arterial bypass grafting or per-

cutaneous coronary intervention.

Surgical Procedures
The surgical technique used in this study, total arch replacement with

a long ET anastomosed at the base of innominate artery, was reported pre-

viously.15 Briefly, the ascending aorta and arch vessels were minimally dis-

sected using a median sternotomy. Then, 8-mm Dacron grafts (Gelweave,

Vascutek, Germany) were anastomosed to the right and left axillary arteries

below the clavicle. The patient was started on cardiopulmonary bypass

with arterial return through an 8-mmDacron graft anastomosed to the right

axillary artery and venous drainage from the bicaval cannula, and then

cooled to 25�C.
While the patient was cooled, the heart was arrested by antegrade and

retrograde cold blood cardioplegia, after which a 4-branched arch graft

(Hemashield Platinum, MAQUET Cardiovascular LLC, Wayne, NJ) was

sutured into the sinotubular junction (Figure 1, A). The diameter of the

ET was based on the outer diameter of the descending aorta at the Th6 to

Th8 vertebral level determined from preoperative CT scans, and was

10% to 20% smaller (range, 18–28 mm), to obtain an adequate contact

zone between the ETand the aortic wall at the end of the ET. When the pa-

tient had been cooled to 25�C, systemic perfusion was stopped, and then

both the proximal left subclavian and proximal left common carotid ar-

teries were closed with clips or sutures, and the innominate artery was

clamped. Selective cerebral perfusion was then instituted using the 8-mm

Dacron grafts anastomosed to the right and left axillary arteries, with an ad-

ditional 3-mm small cannula in the left common carotid artery. The ascend-

ing aorta was transected at the base of the innominate artery, and the long

ETwas placed into the aortic arch and descending aorta by pulling the ET

with a catching catheter (Amplatz Goose-Neck Snare; Microvena, White

Bear Lake, Minn) introduced from the femoral artery (Figure 1, B). For

each patient, the length of the ET was determined preoperatively by mea-

suring the lesser curvature of the aorta from the base of the innominate ar-

tery to the descending aorta at the sixth and eighth thoracic vertebral levels,

and 3-0 Tevdek sutures (Akiyama Medical Manufacturing Co, Ltd, Tokyo,

Japan) were placed on the lesser curvature of the ET to fix its length and

prevent stretching (Figure 1, B). A distal anastomosis was then performed

at the base of the innominate artery between the 4-branched arch graft and

the long ET tube graft, incorporating the distal ascending aorta (Figure 1,

C). Before completing the distal anastomosis, the 4-branched arch graft

was clamped between the first and second branches, and the dislodged in-

timal debris was washed out from the long ET by perfusing the descending

aorta via a small arterial cannula placed in the right femoral artery. After

antegrade distal perfusion was resumed from the side branch of the graft,

the patient was rewarmed. During rewarming, the innominate artery and

left common carotid artery were divided and anastomosed to the branches

of the graft, and the most distal branch was anastomosed to the left axillary

artery graft, which was introduced into the pericardial space through a ret-

roclavicular tunnel (Figure 1, D).

Follow-up and Measurements
All patients underwent a CT scan within both 1 week and 1 month after

surgical intervention. Those patients who demonstrated complete
ery c August 2011



FIGURE 1. Total arch replacement with a long ET anastomosed at the base of the innominate artery. A, Four-branched arch graft is sutured into the si-

notubular junction under cardioplegic arrest. B, After systemic perfusion is switched to selective cerebral perfusion using the right and left axillary arteries,

and a small cannula is placed in the left common carotid artery, the distal ascending aorta is transected, and the long ET is placed into the aortic arch by

pulling the ETwith a catching catheter. C, Distal anastomosis is performed between the 4-branched arch graft and the long ET graft incorporating the distal

ascending aorta. D, After antegrade distal perfusion is resumed from the side branch of the graft, the patient is rewarmed and the arch vessels are recon-

structed. DL, Length from the origin of the descending aorta at the lesser curvature of the aortic arch to the distal end of the ET.
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thrombosis of the arch aneurysm on the CT scan were discharged and fol-

lowed on an outpatient basis, during which serial CT scans were performed

annually thereafter. The remaining patients, who did not demonstrate com-

plete thrombosis of the aneurysm on CT scans, required a second-stage pro-

cedure, which has been described.13 Briefly, the descending aorta was

exposed through an anterolateral left thoracotomy, the descending aorta

was clamped during normothermic femoro-femoral veno-arterial bypass,

the long ETwas pulled out, and the distal end was anastomosed to the de-

scending aorta.

Measurements were obtained from all the available postoperative CT

scans, and the distal end of the ETwas defined on the image as coinciding

with the complete clip set (ie, where the metal clips were actually im-

planted). The diameter of the descending aorta at 2 cm above and 2 cm be-

low the distal end of the ET and the difference in the diameters of the

descending aorta and the ET (DD) at 1, 2, and 3 cm above the distal end

of the ETwere measured. The diameter of the descending aorta was defined

as its shortest external diameter, and DD was calculated by subtracting the

diameter of the descending aorta from the external diameter of the graft.

Analysis was confined to 2-dimensional transverse images. To perform

the measurements, the images were scanned at 300 dots per inch and mea-

sured with a computerized planimeter (National Institutes of Health Image,

Bethesda, Md). The aortic images were enlarged, and the diameters were

measured and calculated by using the accompanying calibration scales.

The vertical length from the origin of the descending aorta at the lesser cur-
The Journal of Thoracic and Ca
vature of the aortic arch to the distal end of the graft (DL) was measured

using the sagittal plane of the postoperative CTangiogram by 2 radiologists

(Figure 1, D).

Statistical Analysis
All values, except the DD, were expressed as the mean � standard de-

viation and subjected to multiple analysis of variance (ANOVA) using

SPSS Version 11.0 (SPSS Inc, Chicago, Ill). The DD was expressed as

the mean � standard error of the mean. The diameter of the descending

aorta and theDDwere first analyzed by 1-way repeated-measures ANOVA

for differences across the whole time course, and 1-way ANOVAwith the

Tukey–Kramer post hoc test was used to verify the significance for specific

comparisons at each time point. A chi-square test was used for the compar-

ison of frequencies between 2 groups. Other numeric datawere analyzed by

the Mann–Whitney U test.
RESULTS
Operative Outcome
None of the patients died intraoperatively or within 30

days of the operation, although 3 patients (5%) died while
in the hospital. Of these, 1 patient with chronic renal failure
died of mediastinitis 3 months after the operation, 1 patient
rdiovascular Surgery c Volume 142, Number 2 321



TABLE 3. Comparison of patient characteristics in terms of the extent

of thrombosis in the peri-graft space at the distal elephant truck

Completely

thrombosed

group (n ¼ 58)

Nonthrombosed

group (n ¼ 7)

P

value

Age (y) 69 � 9 76 � 5 .00249

Men/women 41 (71%)/17 6 (86%)/1 (14%) .6629

Dissection 14 (24%) 1 (14%) .9070

Abdominal aorta

graft replace

7 (12%) 2 (29%) .2471

Size of descending

aorta (mm)

29.5 � 4.2 33 � 2.4 .0683

Selected graft size (mm) 24 � 2 25 � 2 .2417
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died of pneumonia, and 1 patient died of a graft infection.
None of the patients had a new stroke, peripheral embolic
events, new onset of retrograde flow into the peri-graft
space, rupture, recurrent nerve palsy, or phrenic nerve palsy,
whereas 1 patient (2%) had permanent paraplegia due to
a Th6 level spinal cord injury, 1 patient (2%) had parapare-
sis from a Th1 to Th4 level spinal cord injury, and 1 patient
(2%) had transient paraplegia. The distal end of the ETwas
located at the Th10 level in 2 of these patients and at the Th8
level in 1 patient. In the follow-up period, 7 patients died af-
ter discharge, but none of them died of rupture or reexpan-
sion of the aneurysm (Table 2).
Size of aneurysm (mm) 54.2 � 8.0 70.0 � 16.4 .0023

End of the graft (Th) 8 � 1 7 � 2 .1852

DL (cm) 8.4 � 3.5 4.8 � 2.1 .0183

Concomitant procedures

AVR 7 (12%) 0 .7357

Composite valve

graft replacement

6 (10%) 0 .8316

AVRþMVR 1 (2%) 0 .9999

CABG 5 (9%) 0 .9447

CABGþAVR 1 (2%) 0 .9999

Postoperative warfarin

therapy

15 (26%) 1 (14%) .8303

Postoperative antiplatelet

therapy

10 (17%) 0 (0%) .5836

ET, Elephant trunk; DL, the length from the end of the graft to the origin of the de-

scending aorta at the lesser curvature of the aortic arch; AVR, aortic valve replace-

ment; MVR, mitral valve replacement; CABG, coronary artery bypass grafting.

Completely thrombosed group: patients with complete thrombosis of the peri-graft

space around the ET. Nonthrombosed group: patients without complete thrombosis

of the peri-graft space around the ET.
Complete Thrombosis of the Peri-Graft Space
Around the Long Elephant Trunk

CT scans demonstrated complete thrombosis of the peri-
graft space around the long ET in 58 patients (89%) within
1 month after the operation, but not in the remaining 7 pa-
tients (11%). Six of these 7 patients underwent a subsequent
distal anastomosis in the descending aorta through a left
thoracotomy, and the remaining patient, an 85-year-old
woman with acute aortic dissection, is being followed up.
The characteristics of patients with and without complete
thrombosis of the peri-graft space around the long ET are
compared in Table 3. The size of the descending aorta, se-
lected graft size, and location of the end of the graft were
similar in both groups. However, the maximum size of the
aneurysm was significantly larger in the nonthrombosed
group than in the completely thrombosed group. Moreover,
even the 25 patients in the completely thrombosed group
who were given long-term warfarin therapy (after cardiac
valvular surgery or atrial fibrillation in 15 [26%] and as
antiplatelet therapy for coronary arterial bypass grafting
or percutaneous coronary intervention in 10 [17%]) showed
complete thrombosis of the peri-graft space around the long
ET without new onset of peri-graft perfusion for at least 4
years after the operation.
Diameter of the Descending Aorta and DD at the
Distal End of the Elephant Trunk

Table 4 shows the diameter of the descending aorta at the
distal end of the ET up to 4 years after surgery. No dilation
of the diameter of the descending aorta at any measurement
TABLE 2. Late deaths after discharge and cause of death

Patient Age, y Gender Cause of death Survival mo

1 69 M Cerebellar hemorrhage 11

2 82 M Congestive heart failure 12

3 75 M Pneumonia 12

4 70 M Pneumonia 14

5 70 M Sepsis 14

6 73 M Unknown 38

7 74 M Iliac aneurysm rupture 61
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point was seen during this time frame. In contrast, the DD
did not reach significance, but gradually and progressively
decreased in size (Table 4).

Location of the Distal End of the Elephant Trunk
The distal end of the ETwas at the Th8� 1 level, and the

DL was 8 � 4 cm. In the 3 patients (5%) with some degree
of spinal cord injury, both the Th level and DL were signif-
icantly greater than in the other 62 patients (Figure 2). How-
ever, in the 7 patients (11%) in whom peri-graft perfusion
developed, the correlation with Th level did not reach
significance in comparison with the Th levels of the
58 patients without peri-graft perfusion (Figure 2). How-
ever, in all 7 patients with peri-graft perfusion, the DL
was less than 8 cm, which was significantly shorter than
that of the other patients.

DISCUSSION
The present study demonstrated that the use of an under-

sized graft (ie, a diameter 10%–20% smaller than that of
the descending aorta) resulted in no dilation of the descend-
ing aorta at the ET and led to complete thrombosis between
ery c August 2011



TABLE 4. Diameter of the descending aorta and DD at the distal end of the elephant truck

Time after the operation

1 wk 1 mo 1 y 2 y 3 y 4 y

No. of patients 58 57 43 31 22 14 P value

Diameter of descending aorta

2 cm above (mm) 30.9 � 4.9 29.0 � 4.6 30.0 � 5.0 29.2 � 4.4 30.4 � 5.5 29.5 � 4.3 .4917

Distal end (mm) 29.5 � 4.2 28.4 � 4.3 28.9 � 3.9 28.2 � 3.0 28.8 � 4.1 28.4 � 3.6 .7379

2 cm below (mm) 29.7 � 3.9 28.2 � 3.8 28.6 � 3.6 28.0 � 3.1 28.0 � 2.9 28.5 � 3.2 .2887

DD (mm)

3 cm above (mm) 7.8 � 0.7 6.5 � 0.8 6.5 � 0.8 5.7 � 0.7 5.6 � 1.2 5.2 � .2392

2 cm above (mm) 7.5 � 0.6 6.3 � 0.7 6.3 � 0.8 5.6 � 0.8 5.6 � 1.0 4.4 � 1.1 .2145

1 cm above (mm) 6.9 � 0.6 6.0 � 0.8 5.9 � 0.8 5.1 � 0.8 5.1 � 0.9 4.2 � 1.1 .3202

Distal end (mm) 6.0 � 0.6 5.6 � 0.8 5.2 � 0.7 4.7 � 0.7 4.2 � 0.9 3.3 � 0.9 .1395
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the ET and the descending aorta in most patients for at least

4 years after total arch replacement. Moreover, there were
no postoperative peripheral embolic complications, new on-
sets of peri-graft perfusion, or aortic ruptures. Most patients
did not require a second-stage operation. These findings
suggest that the use of an optimal graft diameter may min-
imize postoperative complications.

The optimal graft size for the ET has been unclear, al-
though various modifications have been reported since the
operation was first described.1,2,6-8 Generally, a 26- to
30-mm diameter graft is used, and the distal anastomosis
is usually performed just distal to the left subclavian
artery, with the aneurysmal aorta being tailored down to
the selected graft size if necessary.4 However, when retro-
grade flow from the distal end of the ET into the peri-
graft space around it continues after the surgery, further
dilation of the descending aorta or rupture of the aneurys-
mal aorta may occur.4,5,16 Moreover, the flapping action
FIGURE 2. Relationship between complications (spinal cord injury and

retrograde flow into the peri-graft space) and the location of the end of

the ET (the Th level andDL). The size of each circle represents the number

of patients. Solid red and blue represent complications, as indicated. Long

grafts were associated with an increased risk of spinal cord injury, and short

grafts were associated with retrograde flow.DL varied, even when the distal

end of the graft was positioned at the same thoracic vertebral level.

The Journal of Thoracic and Ca
of the free part of the graft may cause postsurgical
peripheral embolic events by dislodging the clot that
forms around the graft.9 Therefore, the graft size should
be selected so that the distal end of the ET is tightly posi-
tioned in the descending aorta to prevent retrograde flow
into the peri-graft space and flapping of the graft.
In our procedure, we not only chose an undersized graft

but also tightened the graft in its position in the aortic
arch and descending aorta by pulling it with a catching cath-
eter introduced from the left femoral artery. In addition, to
reduce the risk of intraoperative embolic events, we washed
out the dislodged intimal debris from the long ET by perfus-
ing the descending aorta via a small arterial cannula placed
in the right femoral artery, before completing the distal
anastomosis. Our procedure was effective in addressing
the known risks of peri-surgical complications in most pa-
tients. The descending aorta around the ET was not dilated
in any patient for at least 4 years after the surgery. Most pa-
tients showed complete thrombosis between the graft and
the descending aorta. Finally, there were no postsurgical
peripheral embolic events.
In our series, 7 patients (nonthrombosed group) did not

show complete thrombosis between the graft and descend-
ing aorta postoperatively, and the thoracic vertebral level
of the distal end of the ET was similar in both the com-
pletely thrombosed and nonthrombosed groups. In contrast,
the distance from the end of the graft to the origin of the de-
scending aorta at the lesser curvature of the aortic arch (DL)
in the nonthrombosed group was significantly shorter than
in the completely thrombosed group. In addition, the max-
imum diameter of the aneurysm in the nonthrombosed
group was significantly larger than in the completely throm-
bosed group. Therefore, our results suggest that, even if the
distal end of the graft is positioned at the optimal thoracic
vertebral level, peri-graft perfusion may still occur when
the maximum diameter of the aneurysm is larger than 70
mm and the DL is short.
Karck and coworkers10,17 introduced the so-called frozen

ET technique, using a hybrid procedure inwhich a prosthetic
stent graft is placed into the descending aorta to prevent
rdiovascular Surgery c Volume 142, Number 2 323
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retrograde flow into the aneurysm. They showed that
retrograde flowwas prevented in 20 patients (91%) by using
30- to 46-mm stent grafts, and in the few patients with resid-
ual retrograde flow, an additional endgraft placed into the
stent graft through the femoral artery resolved the prob-
lem.10,18 However, in the frozen ET procedure, the stent
graft is intentionally oversized by 10% to 20% of the
descending aortic diameter, so that the radial force from
the stent keeps it in place, and the stent graft is molded to
the aortic wall with the help of an appropriately sized
balloon catheter after its deployment.18 The result is contin-
uous force on the aorta at the position of the stent graft, lead-
ing to its dilation. The likely clinical relevance of this
problem was confirmed when several cases of new onset
of endoleak or rupture of the descending aorta some time
after the frozen ET procedure were reported,11 although
the precise mechanism and incidence of endoleak or rupture
after the frozen ET procedure are not yet certain.

In contrast, our procedure uses a soft and undersized
woven graft, and although retrograde flow occurred in 7
patients (11%) in the early postsurgical phase, in the other
58 patients (89%) retrograde flow was successfully pre-
vented without dilation of the descending aorta at the ET
for at least 4 years. Moreover, the DD gradually became
smaller with time. Thus, the undersized graft seems likely
to continue to prevent retrograde flow into the aneurysm
for a long time. Although the precise mechanism for the
complete thrombosis of the peri-graft space after our proce-
dure is not yet certain, we propose 3 possible causes for it.
First, the distal end of the ET is fitted to the aortic wall; un-
der this condition, there is little blood flow (peri-graft per-
fusion) through the narrow space between the ET and
aortic wall, which might lead to gradual thrombus forma-
tion. Second, the outer wall of the ET produced thrombi
on its surface, which might have become attached to the aor-
tic inner surface. Third, the peri-graft space around the ET
became a blind end, and the flow of the intercostal arteries
was gradually reduced and finally stopped, which might
lead to the formation of complete thrombosis of the peri-
graft space after the procedure.

The location of the distal end of the ET can affect the risk
of spinal cord injury and retrograde flow.12 Our results con-
firmed this finding, showing that the DL varied, even when
the distal end of the ETwas positioned at the same thoracic
vertebral level. Therefore, if the DL is very large, the distal
end of the ET should not be placed beyond the Th8 level to
reduce the risk of spinal cord injury, even if retrograde flow
cannot be prevented. The use of intraoperative transesopha-
geal echocardiography to confirm the distal end of the ET
has been reported.15 The use of this technique could prevent
the placement of the ET beyond the level of Th8, thereby
preventing the occlusion of the critical intercostal arteries,
which are mostly located at the Th9-L2 level, by an exces-
sively long ET.
324 The Journal of Thoracic and Cardiovascular Surg
In our procedure, 58 patients (89%) did not seem to re-
quire a second-stage operation, because the peri-graft
space around the ET was completely thrombosed. Among
our 65 patients with a first � second-stage operation, there
were 3 deaths and 3 cases of spinal cord injury (4.6%).
Karck and Kamiya19 recently reported an extensive review
of the clinical data for a variety of procedures used to treat
arch aneurysm. In this review, the summarized rate of para-
plegia after the frozen ET procedure, as a single-stage pro-
cedure, was 4.2%, almost the same rate we observed, and
the rate of mortality and risk of new onset of endoleak were
both 7%.19 On the other hand, for patients undergoing the
2-stage procedure (ET procedureþ subsequent operation),
the summarized rate of mortality was 8.9% (70/786
patients) for the first-stage operation and 7.7% (20/268
patients) for the second-stage operation, which are higher
than our result (4.6% in the first � second-stage opera-
tion).19 It is difficult to compare the rate of paraplegia
with these reports, because many of the reported patients
did not return for the second-stage operation, so the patient
outcome data are incomplete. Moreover, Safi and col-
leagues20 recently reported that the interval mortality
(occurring after the first-stage and before the second-
stage operation) was 16% in their series. Endovascular
treatment recently was applied for the second-stage opera-
tion, and among these cases, mortality was 4.9% (2/41
patients) and none of the patients experienced paraplegia.19

Although the results of this procedure seem promising, the
cohort was relatively small. Thus, our procedure is safe and
decreases the need for a second-stage operation, compared
with various other procedures used to treat arch aneurysm.
CONCLUSIONS
Although the optimal location of the distal end of the ET

remains to be confirmed, our study supports the effective-
ness of using an undersized graft (10%–20% of the de-
scending aortic diameter) with a long ET in total arch
replacement to treat aneurysm.
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