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orta by means of total arch replacement with open stent
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bjectives: We sought to describe the midterm results of extensive primary repair
f the thoracic aorta by means of the modified elephant trunk technique with a stent
raft for acute type A aortic dissection, particularly the changes of the false lumen
hown by enhanced computed tomographic scanning.

ethods: The subjects were 35 consecutive patients who received arch replacement
ith open stent grafting for type A acute aortic dissection between December 1997 and
pril 2002. The mean follow-up period was 55 months (range, 30-83 months). Com-
uted tomographic scanning was performed at 1, 3, 12, and 36 months postoperatively
o detect thrombosis and obliteration of the false lumen after its exclusion by the stent
raft. The diameter of the aorta was measured at 3 levels: the distal edge of the stent
raft, the diaphragm, and the origin of the superior mesenteric artery.

esults: Two patients died in the initial operation, but no patients required additional
urgical treatment of the thoracic aorta. The mean diameter of the stent grafts was 26.2
m, and the mean length was 8.9 cm. Thrombus formation in the false lumen was

ecognized at the distal edge of the graft in all patients, at the diaphragmatic level in 26
atients, and at the superior mesenteric artery level in 15 patients. Obliteration of the
alse lumen was recognized at the distal edge of the graft in all patients, at the
iaphragmatic level in 20 patients, and at the superior mesenteric artery level in 15
atients. The aorta distal to the stent graft showed minimal changes.

onclusions: In patients with acute type A aortic dissections, it is possible to perform
xtensive primary repair of the thoracic aorta with relative safety by using a synthetic
raft with a self-expanding stent, and this method might reduce the necessity of further
perations not only for the distal descending aorta but also for the thoracoabdominal
orta.

cute type A aortic dissection frequently requires emergency surgical treat-
ment. Conventional replacement is often limited to the region from the
ascending aorta to the aortic arch,1 and therefore a false lumen sometimes

emains distal to the descending thoracic aorta after surgical intervention that can
ignificantly influence the early and late prognosis.2 We previously reported good
arly results after treating type A acute aortic dissection by means of extensive
rimary repair of the thoracic aorta by using the modified elephant trunk technique
ith a stent graft (so-called open stent graft placement).3 This article describes the
idterm results of this procedure, particularly the fate of the false lumen, as shown

y means of enhanced computed tomographic (CT) scanning.

ethods
ubjects
e performed emergency total arch replacement by means of transaortic stent grafting (open
tent grafting) in 35 consecutive patients with type A acute aortic dissection within 48 hours
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rom the onset of dissection between December 1997 and April
002 performed by 2 surgeons (Drs Ishihara and Uchida). The
atients consisted of 13 men and 22 women aged from 47 to 80
ears, with a median age of 67.8 years. The operative indications
or open stent grafting to repair type A aortic dissection were an
ge of less than 80 years and the extension of the false lumen from
he ascending aorta to the abdominal aorta, with the primary tear
nywhere in that region. The operative procedure has been de-
cribed in a previous report by Ishihara and colleagues.3 The size
nd length of the stent graft were determined by means of intra-
perative measurement with a ball-shaped sizer inserted into the
rue lumen of the descending aorta through a transverse incision
nder transesophageal echocardiographic guidance. The distal
dge of the stent graft was positioned at the level of the main
ulmonary trunk. The primary tear was distal to the left subclavian
rtery (DeBakey subtype III-D) in 6 patients, and the primary tears
ere covered by the stent graft.

perative Method
median sternotomy was performed after achievement of general

nesthesia. An arterial perfusion cannula was inserted into the
emoral artery, the right axillary artery, or both; venous drainage
annulas were inserted into the superior and inferior venae cavae
rom the right atrium; and total extracorporeal circulation was
ommenced. Hypothermic circulation was used to reduce the rectal
emperature to 25°C. A left ventricular vent tube was inserted from
he right superior pulmonary vein, and aspiration was performed.

crossclamp was applied to the peripheral part of the ascending
orta, a small incision was made in the right atrium, and retrograde
ardioplegia was performed under direct vision. The ascending
orta was dissected transversely at the proximal end. Gelatin-
esorcin-formol glue (Cardial, Tecnopole) was injected into the
alse lumen on the proximal side of the ascending aorta, and then
he false lumen was dosed. When it was confirmed that the rectal
emperature had decreased to 25°C, total circulatory arrest was
chieved. The clamp was removed, and the aortic arch was incised
ongitudinally until immediately before the origin of the left sub-
lavian artery. At the end point, the aortic arch was dissected
ransversely. Three balloon catheters were inserted into the bra-
hiocephalic artery, the left common carotid artery, and the left
ubclavian artery for perfusion at a rate of 300, 200, and 100
L/min, respectively, to maintain perfusion of the brain. A ball-

haped sizer was inserted into the true lumen of the descending
horacic aorta from the transverse incision of the aortic arch, and
hen the exact diameter of the true lumen was measured. A
ynthetic graft 7 to 12 cm long, which was previously attached by
eans of a self-expandable Z-shaped stent (William Cook Europe
/S) with the tip 5 cm on the distal side, was selected with a
iameter 1 to 3 mm larger than that measured. Then the distally
tented graft was placed in a 30F introducer, which was inserted

Abbreviations and Acronyms
CT � computed tomography
SMA � superior mesenteric artery
nto the descending aorta according to the method reported by

The Journal of Thoracic
ato and colleagues.4 The graft was fixed in the true lumen of the
escending aorta by means of expansion of the Z-shaped stent and
ortic blood pressure. The graft was pulled to the transverse
issection line in the distal aortic arch and trimmed to match the
issection line. The left subclavian artery was dissected trans-
ersely at the proximal end, and the proximal stump was closed
ith 4-0 polypropylene sutures. The adventitia of the aortic stump
as covered with a felt strip 2 cm wide, and the stump was

einforced with continuous 4-0 polypropylene sutures. A synthetic
raft with 4 branches was anastomosed end to end to the stump of
he distal aortic arch with continuous 3-0 polypropylene sutures.
hen the third branch was anastomosed to the left subclavian
rtery. The proximal graft was crossclamped, antegrade systemic
erfusion from the fourth branch was started, and the patient was
ewarmed by means of extracorporeal circulation. Next, the prox-
mal graft was anastomosed to the stump of the ascending aorta,
nd coronary perfusion was started. The left common carotid
rtery and the brachiocephalic artery were anastomosed to respec-
ive branches of the graft in succession. This completed the pro-
edure (Figure 1, A). The mean duration of extracorporeal circu-
ation with selective cerebral perfusion, mean total extracorporeal

igure 1. Postoperative CT follow-up study. A, Level examined:
dge of the stent graft. B, Preoperative findings. C, One month
ostoperatively. D, Three months postoperatively. E, One year
ostoperatively. F, Three years postoperatively.
and Cardiovascular Surgery ● Volume 131, Number 4 863
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irculation time, and mean operating time were 82 � 20, 175 �
1, and 338 � 86 minutes, respectively (Table 1).

ollow-up CT Study
wo patients did not have dissection extending to involve the
bdominal aorta, and 2 other patients died within 30 days after the
peration. The other 31 patients were all followed up for at least 36
onths until April 2005. The mean follow-up period was 61
onths (range, 36-89 months). CT was performed at 1, 3, 12, and

6 months postoperatively to detect thrombosis and absorption of
he false lumen that had been excluded by the stent graft (Figure
). The diameter of the true lumen was measured in 2 directions
the maximal diameter and the minimal one), and the mean value
as calculated because the true lumen is frequently egg shaped

oon after the operation. The diameter of the false lumen was only
easured along the short axis (Figure 2). Measurement was done

t 3 levels: the distal edge of the stent graft, the diaphragmatic
evel, and the origin of the superior mesenteric artery (SMA;
igure 3).

esults
able 1 summarizes the operative data. The mean diameter
f the stent graft was 26.2 mm (range, 22-30 mm), and the
ean length was 8.9 cm (range, 7-12 cm). Table 2 shows

he early and late postoperative results. Two patients died
ithin 30 days after the operation from low output syn-

igure 2. Measurement of the luminal diameter. A, The diameter
f the true lumen was measured in 2 directions (long axis and
hort axis), and the mean value was calculated. B, The diameter
f the false lumen was only measured along the short axis.

ABLE 1. Operative data
atient characteristics

No. of patients 35
Men/women 13/22
Age, y (mean) 47-80 (67.8)

perative data
Operative time, min 338 � 86
Cardiopulmonary bypass time, min 175 � 41
Selective cerebral perfusion time, min 82 � 20
Diameter of stent graft, mm (mean) 22-30 (26.4)
Length of stent graft, cm (mean) 7-12 (8.8)
rome and bleeding, respectively. However, paraplegia or a

64 The Journal of Thoracic and Cardiovascular Surgery ● Apri
ntestinal ischemia did not occur in any of the patients. Late
esults were obtained for the other 31 patients after a fol-
ow-up period of 61 months (range, 36-89 months). None of
he patients died or required additional surgical treatment of
he thoracoabdominal aorta after discharge.

hrombosis and Obliteration of the False Lumen
hrombus formation in the false lumen was recognized in
ll patients at the distal edge of the stent graft, whereas it
as seen in 26 (84%) patients at the diaphragmatic level and

n 15 (48%) patients at the SMA level. Moreover, obliter-
tion of the false lumen was recognized in all patients at the
istal edge of the graft, whereas it was seen in 20 (65%)
atients at the diaphragmatic level and in 15 (48%) patients
t the SMA level (Table 3).

iameter at the Stent Graft Edge
he diameter of the false lumen decreased from 1 month
ostoperatively. It was less than 2 mm after 3 months in 22
71%) patients, and it was less than 2 mm by 1 year after the
peration in all of the patients. The diameter of the false
umen also decreased from 1 month postoperatively, being
ess than 2 mm at 3 months in 22 (71%) patients and less
han 2 mm by 1 year after the operation in all patients. The
ean expansion of the stent graft from 1 to 36 months after

nsertion was only 1.16 mm (range, 0-4 mm).

iameter at the SMA Level
ll 16 patients with thrombosis in the false lumen showed

uminal obliteration by 1 year after the operation, whereas
he abdominal aorta was unchanged in the 15 patients with
residual false lumen. In those with a residual false lumen

t the SMA level, the mean enlargement of the whole aorta
t this level was only 0.375 mm (range, 0-2 mm) from 1 to
6 months after the operation.

iameter at the Diaphragmatic Level
n patients with or without obliteration of the false lumen at
he diaphragmatic level, the mean enlargement of the whole
orta at this level from 1 to 36 months after the operation
as only 0.5 mm (range, 0-2 mm).

iscussion
esidual False Lumen in the Descending Thoracic
orta (Residual Tear)
cute type A aortic dissection is associated with a high risk
f death and frequently requires emergency surgical inter-
ention, and therefore conventional replacement with a syn-
hetic graft is often limited to dissection from the ascending
orta to the aortic arch. Therefore a false lumen sometimes
emains in the distal part of the descending thoracic aorta
fter the operation. It has been reported that the distal false
umen remains patent in 50% to 70% of patients after
T
P

O

scending aortic replacement and in 15% to 30% of patients

l 2006
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fter aortic arch replacement.1,5-7 This lumen can signifi-
antly affect the early and late prognosis after surgical
ntervention. In the early postoperative period several of the

Figure 3. Sites of measurement. A, B, and C, Preoperativ
D, Edge of the stent graft. B and E, Diaphragmatic level.
well after surgical intervention, and the false lumen sho
true lumen and right renal artery become patent after s
abdominal aorta.
atients treated for acute type A aortic dissection experience M

The Journal of Thoracic
ntestinal necrosis caused by poor perfusion of intra-abdom-
nal branches of the aorta, and such malperfusion often
ccurs because the distal false lumen has remained patent.

dings. D, E, and F, Three months postoperatively. A and
narrow true lumen seen before the operation is dilated
omplete thrombosis. C and F, SMA level. The occluded

cal intervention. A residual false lumen is seen in the
e fin
The
ws c
urgi
oreover, reoperation is often required for dilatation of a

and Cardiovascular Surgery ● Volume 131, Number 4 865
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alse lumen in the distal descending aorta during the late
ostoperative period. Because of anastomotic leakage or a
mall tear remaining in the proximal descending thoracic
orta after graft replacement of the ascending aorta or aortic
rch, the false lumen is susceptible to dilation because of
hear stress acting on the proximal descending thoracic
orta. Akutsu and associates8 have demonstrated that pa-
ency of the false lumen is a strong independent prognostic
actor of dissection-related death and dissection-related
vents. Therefore there have been recent reports about total
eplacement of the aortic arch at the first operation in such
atients, even if the primary intimal tear is located in the
scending aorta. Kazui and coworkers9 reported that repair
f the descending thoracic aorta up to the midportion with a
ynthetic graft by using the elephant trunk technique at the
nitial operation could prevent subsequent dilation of the
ost susceptible parts of the residual false lumen. However,

he diameter of a graft inserted by using the elephant trunk

ABLE 2. Postoperative data
ostoperative data

Early results
Early mortality 2
Early morbidity 4

Cerebral accident 0
Paraplegia 0
Pulmonary failure 2
Renal failure 1
Low output syndrome 1
Intestinal ischemia 0

Late results
Follow-up period, mo (mean) 30-83 (55)
Late mortality 0
Late morbidity 1

Cerebral accident 1
Paraplegia 0
Pulmonary failure 0

Additional surgical procedure 1
Thoracic aorta 0
Infrarenal abdominal aorta 1

ABLE 3. Findings on follow-up CT scanning
ollow-up CT examination 36 mo after the operation

(n � 31)
Thrombosis of the false lumen

Distal edge of the graft 31
Diaphragmatic level 26
SMA level 15

Obliteration of the false lumen
Distal edge of the graft 31
Diaphragmatic level 20
SMA level 15

T, Computed tomography; SMA, superior mesenteric artery.
rocedure is likely to be smaller than that of a distally t

66 The Journal of Thoracic and Cardiovascular Surgery ● Apri
tented graft. Use of a distally anchored stent graft allows
nsertion of a larger diameter and longer prosthesis than the
lephant trunk method.10 When grafting is done with the
lephant trunk procedure, the graft inserted is often smaller
han that required in relation to the diameter of the true
umen, and therefore the elephant trunk method cannot
ompletely prevent dilation of the residual false lumen. We
etermine the most appropriate size of the stent graft by
easuring the diameter of the true lumen with a ball-shaped

izer during systemic circulatory arrest under transesopha-
eal echocardiographic guidance.3 

ntimal tear using transesophageal echocardiography,11 in-
We often detect a small

ert the stent graft into the descending thoracic aorta at the
evel of the pulmonary artery trunk, and close the small tear
ith the inserted stent graft. The aim of this stent grafting

echnique is to exclude all antegrade blood flow in the false
umen of the thoracic aorta, therefore decreasing pressure
nd allowing thrombosis of the false channel to restore
lood flow in the aorta and its side branches. In vitro models
f dissection have shown that primary entry tear coverage is
he optimal method to relieve true lumen collapse and false
umen thrombosis.12 Kato and colleagues4 reported that
eoperation to treat the residual dissected aorta was only
eeded in 1 patient (1/17 [5.9%]) after total arch grafting
ith open stent graft placement for acute type A aortic
issection. In the present series we had no patients who
equired additional surgical intervention of the thoracic
orta after this procedure. These results suggest that using a
tent graft of the appropriate size and length, as determined
y means of intraoperative measurement with a ball-shaped
izer inserted into the true lumen of the descending aorta
rom the transverse incision under transesophageal echocar-
iographic guidance, leads to a good outcome of open stent
raft placement.

ew Intimal Tears
ilation of the true lumen of the descending thoracic aorta

long with dilation of the false lumen during echocardio-
raphy-guided insertion of a self-expanding stent graft
oses the risk of creating a new intimal tear. There have also
een reports of new intimal tears in the late postoperative
eriod after stent grafting.4,13,14 However, such new intimal
ears almost correspond to chronic dissection. We have also
eported a patient who required an additional operation 11
onths after the first procedure because of ulceration

aused by the stent graft.15 In patients with “chronic” dis-
ection, the thrombosed false lumen persists in the early
ostoperative period. In addition, the true lumen is dilated at
he central portion of the graft, which might increase tur-
ulent flow through interaction with the stent. Such turbu-
ence might damage the intima of the true lumen and lead to
lceration over the medium term postoperatively. However,
T
P

T
F

his report is concerned with open stent grafting for “acute”

l 2006
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issection, and therefore the graft size determined by mea-
uring the diameter of the true lumen during systemic cir-
ulatory arrest is the most appropriate, and moreover the
ntima of the true lumen suffers less stress in acute dissec-
ion than in chronic dissection. In our patients with acute
issection, the false lumen showed early thrombosis and
arly obliteration. This demonstrates that early stent graft-
ng for acute dissection can maintain a normal diameter and
lood flow through the true lumen and can completely
xclude the false lumen. In addition, the true lumen is not
ilated at the site of stenting, and therefore the stent will
reate less turbulence.4,15

esidual False Lumen of the Thoracoabdominal Aorta
residual false lumen of the thoracoabdominal aorta exists

fter an open stent grafting operation. However, when there
as a residual false lumen or no obliteration of the false

umen below the diaphragm, the mean enlargement of the
ntire subdiaphragmatic aorta from 1 to 36 months postop-
ratively was only 0.5 mm (range, 0-2 mm) and only 0.375
m (range, 0-2 mm) at the level of the SMA. Enlargement

f the residual false lumen in the thoracoabdominal aorta is
ot recognized after complete closure of the primary tear
nce the false lumen in the descending thoracic aorta dis-
ppears after open stent grafting. All patients with a residual
alse lumen in the thoracoabdominal aorta have an intimal
ear (so-called re-entry), and the blood flow through this tear
upplies one or more of the main abdominal branches, such
s the SMA, renal arteries, and celiac artery. Therefore the
iameter of the false lumen in the thoracoabdominal aorta
hows minimal changes after the operation because the false
umen is acting as a vessel that provides blood to the
bdominal organs.

isk of Paraplegia
he risk of paraplegia caused by sacrificing the spinal
rteries must be considered when a long synthetic vascular
raft is inserted into the descending thoracic aorta. In our
xperience the mean length of the stent graft was 8.9 cm
range, 7-12 cm), and therefore the graft was inserted as far
s the Th9 level. Perfusion of all 3 branches of the aortic
rch with a single balloon cannula and perfusion of the
escending thoracic aorta with 2-way balloon cannulas un-
er hypothermic conditions (25°C) prevented spinal cord
schemia during open distal anastomosis with selective ce-
ebral perfusion.

onclusions
his open stent grafting procedure for acute type A dissec-
ion might be able to prevent type B dissection of a residual

The Journal of Thoracic
alse lumen in the late postoperative period. Thus open stent
rafting of the distal descending aorta with total arch re-
lacement achieves extended reconstruction of the thoracic
orta from the ascending to distal descending aorta. This
ight reduce the need for a second operation not only for

he distal descending aorta but also for the thoracoabdomi-
al aorta.

eferences

1. Bachet J, Teodori G, Goudot B, Diaz F, el Kerdany AE, Dubois C, et
al. Replacement of the transverse aortic arch during emergent opera-
tion for type A acute aortic dissection. J Thorac Cardiovasc Surg.
1988;96:878-86.

2. Ergin MA, Phillips RA, Galla JD, Lansman SL, Medelson DS, Quin-
tana CS, et al. Significance of distal false lumen after type A dissection
repair. Ann Thorac Surg. 1994;57:820-5.

3. Ishihara H, Uchida N, Yamasaki C, Sakashita M, Kanou M. Extensive
primary repair of the thoracic aorta in Stanford type A acute aortic
dissection by means of a synthetic vascular graft with a self-expand-
able stent. J Thorac Cardiovasc Surg. 2002;123:1035-40

4. Kato M, Kuratani T, Kaneko M, Kyo S, Ohnishi K. The results of total
arch graft implantation with open stent-graft placement for type A
aortic dissection. J Thorac Cardiovasc Surg. 2002;124:531-40.

5. Fann JI, Smith JA, Miller C, Mitchell S, Moore KA, Grunkenmeier G,
et al. Surgical management of the aortic dissection during a 30-year
period. Circulation. 1995;92(suppl II):II113-21.

6. Ando M, Nakashima N, Adachi S, Nakaya M, Kawashima Y. Simul-
taneous graft replacement of the ascending aorta and total aortic arch
for type A aortic dissection. Ann Thorac Surg. 1994;57:669-76

7. Kazui T, Kimura N, Yamada O, Komatsu S. Total arch graft replace-
ment in patients with acute type A aortic dissection. Ann Thorac Surg.
1994;58:1462-8.

8. Akutsu K, Nejima J, Kiuchi K, Sasaki K, Ochi M, Tanaka K, et al.
Effects of the patent false lumen on the long-term outcome of the
type B acute aortic dissection. Eur J Cardiothorac Surg. 2004;26:
359-66.

9. Kazui T, Tamiya Y, Tanaka T, Kamatsu S. Extended aortic replace-
ment for acute type A dissection with the tear in the descending aorta.
J Thorac Cardiovasc Surg. 2000;119:558-65.

0. Kato M, Matsuda T, Kaneko M. Outcomes of stent-graft treatment of
false lumen in aortic dissection. Circulation. 1998;98(suppl II):II305-
12.

1. Orihashi K, Matsuura Y, Sueda T, Watari M, Okada K, Sugawara T,
et al. Echocardiography-assisted surgery in transesophageal echocar-
diography. J Thorac Cardiovasc Surg. 2000;120:672-8.

2. Chung JW, Elkins C, Sakai T, Kato N, Vestring T, Semba CP, et al.
True-lumen collapse in aortic dissection: part I. Evaluation of caus-
ative factors in phantoms with pulsatile flow. Radiology. 2000;214:
87-98.

3. Shimono T, Kato N, Yasuda F, Suzuki T, Yuasa U, Yada I, et al.
Transluminal stent-graft placements for the treatments of acute
onset and chronic aortic dissections. Circulation. 2002;106(suppl
1):I241-7.

4. Dake MD, Kato N, Mitchell RS, Semba CP, Razavi MK, Shimono T,
et al. Endovascular stent-graft placement for the treatment of acute
aortic dissection. N Engl J Med. 1999;340:1546-52.

5. Uchida N, Ishihara H, Sakashita M, Kanou M, Sumiyoshi T. Repair of
the thoracic aorta by transaortic stent grafting (open stent). Ann Thorac

Surg. 2002;73:444-9.

and Cardiovascular Surgery ● Volume 131, Number 4 867


	Midterm results of extensive primary repair of the thoracic aorta by means of total arch replacement with open stent graft placement for an acute type A aortic dissection
	Methods
	Subjects
	Operative Method
	Follow-up CT Study

	Results
	Thrombosis and Obliteration of the False Lumen
	Diameter at the Stent Graft Edge
	Diameter at the SMA Level
	Diameter at the Diaphragmatic Level

	Discussion
	Residual False Lumen in the Descending Thoracic Aorta (Residual Tear)
	New Intimal Tears
	Residual False Lumen of the Thoracoabdominal Aorta
	Risk of Paraplegia

	Conclusions
	References


