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ate of the False Lumen After Combined Surgical
nd Endovascular Repair Treating Stanford Type A
ortic Dissections
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Background. The purpose of this study was to evaluate
he alterations of the aorta by using a new combined
urgical and endovascular technique for the treatment of
ortic type A dissections. The diameter of the descending
orta, the implanted stent graft, and the false lumen were
valuated.
Methods. Between August 2005 and February 2009, 14

atients (aged 49 � 13 years; 11 men, 3 women) with type
dissection in the aorta were operated on the thoracic

orta by the frozen elephant trunk technique. The size
ynamics of the false lumen were analyzed by deducting

he diameter of the stent graft obtained on computed
omography from the maximum dimension of the aorta.

Results. The technical success rate was 100%. All pa-
ients survived during the follow-up period. The mean
ollow-up period was 21.4 months. No redisection or

ortic rupture occurred during the follow-up period.
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ublished by Elsevier Inc
ostoperative computed tomography scans showed com-
lete thrombus formation of the false lumen in the
erigraft space within the entire zone of the stented
egment of the hybrid prosthesis during the first 2 weeks
fter surgery in 12 patients (86%), whereas all patients
howed complete obliteration of the false lumen at the
-month control. The follow-up computed tomography
can obtained after 12 months revealed shrinkage of the
alse lumen in 9 patients (64%).

Conclusions. The combined surgical and endovascular
echnique described in this report proved effective for
he treatment of extended aortic lesions. The perigraft
pace thrombosed completely and had shrunken after
uccessful placement of the stent graft.

(Ann Thorac Surg 2010;89:794–9)

© 2010 by The Society of Thoracic Surgeons
he management of type A dissections can be chal-
lenging, especially if the aortic arch and the de-

cending aorta are involved. Recent improvements in
urgical and neuroprotective techniques [1, 2] have re-
ulted in low perioperative mortality rates and better
ong-term outcomes for patients with complex thoracic
ortic pathologies. In the majority of cases, the false
umen in the downstream aorta remains perfused after
onventional repair of Stanford type A dissection, which
an adversely affect the long-term outcome. Enlargement
f the aortic diameter and a reoperation rate of as high as
7.5% have been reported after repair of type A dissec-
ion [3–5]. Endovascular stent graft insertion through a

edian sternotomy has been described by Kato and
ssociates [6]. This technique is known as the frozen
lephant trunk procedure and has evolved further. An-
egrade stent grafting into the descending aorta is com-

only performed together with replacement of the as-
ending aorta and the aortic branch with reattachment of
he supra-aortic vessels [7, 8]. It achieves complete repair

ccepted for publication Nov 19, 2009.

ddress correspondence to Dr Gorlitzer, Department of Cardiovascular
f extensive lesions of the thoracic aortic without increas-
ng the risk of surgery [9].

We evaluated changes in the false lumen and the
utcome of this combined surgical and endovascular
reatment procedure.

aterial and Methods

atients
etween August 2005 and February 2009, 14 of 51 patients

11 men and 3 women) with a Stanford type A (DeBakey
ype I) dissection underwent surgery in the thoracic aorta
y the frozen elephant technique. The majority of pa-

ients (n � 11) presented with acute dissections; 3 pa-
ients had a chronic condition. The patients’ mean age
as 49 � 13 years.
All patients were operated by the frozen elephant

runk technique using the E-vita open endoluminal stent
raft prosthesis (Jotec, Hechingen, Germany). Standard-

zed informed consent for aortic arch repair was obtained
rom all subjects, and the study was approved by the local
thics Committee. Numerous comorbidities and advanced
ge were relative contraindications for this procedure.
The primary tear was due to dissected aortic patholo-

0003-4975/10/$36.00
doi:10.1016/j.athoracsur.2009.11.054
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ies in the ascending aorta in 13 patients, whereas 1
atient had a retrograde dissection after stent graft im-
lantation because of a Stanford type B aortic dissection.
The following comorbidities were present: all patients

ad hypertension, 3 had chronic renal failure, 2 had
oronary artery disease, 2 had chronic obstructive pul-
onary diseases, and 3 had diabetes mellitus. One pa-

ient had a Marfan syndrome. Additional aortic valve
econstruction was performed in 3 patients, the Tirone-

ig 1. Measuring lines at the descending aorta: (A) distal to the off-
pring of the left subclavian artery; (B) level of the pulmonary ar-
ery; (C) end of the stent graft; and (D) level of the diaphragm.
avid procedure in 2 patients, and the modified Ben-
all-De Bono operation in 1.

A spiral computed tomography (CT) angiography of
he thoracic aorta was performed preoperatively in all
atients to assess the extent of the dissection and deter-
ine the size of the stent graft.
The commercially available endovascular prosthesis

E-vita open endoluminal stent graft; Jotec) is a stent graft
ith a 70-mm Dacron (C. R. Bard, Haverhill, PA) cuff

oaded in a delivery system. The system permits a one-
tep intervention by combining reconstruction of the
scending aorta and the aortic arch with the integrated
acron prosthesis and antegrade stenting of the de-

cending aorta. This device significantly simplifies pro-
edures for combined reconstruction from the ascending
orta to the proximal portion of the descending aorta.
elf-expandable stents measuring 15 cm in length were
sed in 2 patients, and stents measuring 13 cm in length
ere used in 12 patients. The diameter of the implanted

ntegrade stent graft was 28 mm in 1 patient, 30 mm in 5
atients, 33 mm in 5 patients, and 36 mm in 3 patients.
tent grafts of 13-cm length are custom made and avail-
ble only on request. For use in smaller patients, this
ength was specially designed to avoid an overextended
overage of intercostal arteries.

rocedure
rterial cannulation was created through right subcla-
ian artery in all patients. After introduction of a cardio-
ulmonary bypass, the patient’s body temperature was
educed to a core temperature of 25°C. Once this target
emperature had been achieved, the cardiopulmonary
ypass was disconnected. The ascending aorta and the
oncavity of the aortic arch were resected to the level of
he left subclavian artery. All patients received retro-
rade cold blood cardioplegia. Bilateral antegrade cere-
ral protection was performed through the arterial can-
ula by clamping the brachiocephalic trunk and an
dditional selective perfusion line into the left carotid
rtery.
After identification of the true and false lumen in acute

ortic dissections, a pigtail catheter was inserted before
he stiff guidewire to avoid a miscarriage of the stent graft
nto the false lumen. The special-shaped soft tip of this
atheter prevented perforation into the false lumen.
owever, this is a weak point of the procedure. Guiding

Fig 2. Calculation of the diameter of the stent
graft, the false lumen, and the total diameter
of the aorta.
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f the stent graft under angioscopic control will improve
he insertion maneuver in the future. A stiff guidewire
hrough the femoral artery was inserted intraoperatively
o identify the true lumen in chronic dissections.

The landmark for stent graft placement was the origin
f left subclavian artery. The stent graft was deployed 1
m distal to this landmark. The Dacron graft was pulled
lightly out of the stent. Approximately 1 cm of the
ttached Dacron graft was circumferentially sutured to
he descending aorta, and secured with a Teflon (Impra,
ubsidiary of L. R. Bard, Tempe, AZ) strip. The woven
rimped vascular Dacron prosthesis was then retracted
ompletely from the implanted stent graft and resected.
he replacement of the ascending aorta and the aortic
rch repair was performed with a separate Dacron graft.
or reimplantation of the supra-aortic branches, an ap-
ropriately sized window was transected from the Da-
ron prosthesis, and the arch vessels were anastomosed
n bloc (“complete” arch replacement). In cases of unfa-

ig 3. States of false lumen postoperatively
left panels) and after 3 months (right panels)
t the level of the pulmonary artery. Complete
hrombosis of the false lumen and shrinkage
uring the follow up period.

ig 4. Shrinkage of the false lumen (A) at the level distally of origin
he stent graft. (DA � difference A [origin of subclavian artery]; DE �

rst � postoperative control; last � latest follow-up control).
orable anatomical conditions, “light” aortic arch repair
10] was performed by resection of the concavity of the
ortic arch but no isolation of the supra-aortic branches.
fter implantation of the stent graft and fixation of the
acron prosthesis distal to the origin of the subclavian

rtery, the remaining aortic arch was replaced with a
eparate Dacron prosthesis according to the hemiarch
echnique. After deairing, circulatory arrest was discon-
inued and rewarming initiated. Finally, the anastomosis
f the proximal ascending aorta was performed.

ollow-Up
omputed tomographic angiography was routinely per-

ormed within 10 days after surgery, at 3, 6, and 12
onths, and at yearly intervals thereafter. To assess the

xtent of the diameter of the true and false lumen, the
ntire descending thoracic aorta was evaluated at three
ifferent levels of the thoracic aorta. Widths of the stent
raft and the aorta were measured directly distal to the

clavian artery, (B) at the pulmonary artery, and at (C) the end of
erence E [end of stent graft]; DP � difference P [pulmonary artery];
of sub
diff
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ffspring of the left subclavian artery (Fig 1A), at level of
he pulmonary artery (Fig 1B), and the end of the stent
raft (C). The diameter of the aorta was measured at the

evel of the diaphragm (Fig 1D). Shrinkage of the ex-
luded false lumen was calculated by comparing the
iameter of the stent graft diameter and the total diam-
ter of the aorta (Fig 2).

tatistical Analysis
ata were analyzed using the software programs StatX-

ct, version 8 (Cytel, Cambridge, MA) and Statistica,
ersion 8 (StatSoft, Tulsa, OK) for the scatterplot. We
pplied the accepted descriptive statistical tools (median
alue, upper and lower quartiles). Statistically significant
ifferences between the diameter of the stent graft, the

alse lumen, and the entire aorta were calculated using
he permutation test for paired replicates [11]. Changes
n diameter were evaluated for significance between the
rst and the subsequent postprocedural images. Differ-
nces during observation time were analyzed using scat-
erplots. Two-dimensional scatterplots are used to visu-
lize relations between the diameter of the stent graft, the
alse lumen, the entire aorta, and time. A linear function
nd the distance-weighted least squares smoothing pro-
edure are fitted to the points to express the trend. The
pearman rank-order correlation coefficient R is a mea-
ure of association between two variables that requires
hat both variables are measured in at least an ordinal
cale so that the objects or individuals under study may
e ranked in two ordered series. The coefficient and

esting the significance was calculated to detect associa-
ions between the diameter and time. Continuous vari-
bles are expressed as means and � SD. We used p
alues of less than 0.05 for the determination of statistical
ignificance.

esults

he prosthesis was successfully implanted by the use of
n antegrade guidewire in all patients. The total duration
f the cardiopulmonary bypass, the duration of hypo-
hermic circulatory arrest, and the aortic cross-clamp
ime were 213 � 33.7 minutes (range, 154 to 263), 57 � 12.4

inutes (range, 37 to 76), and 98 � 33.4 minutes (range, 52
o 137), respectively. Deployment of the stented end of the
ybrid prosthesis required an average of 10 minutes (range,
to 12). The duration of stay at the intensive care unit was
.3 � 6.5 days (range, 1 to 22) and that for the hospital
tay, 20 � 9.8 days (range, 9 to 38). Patients were dis-
harged after control CT scan was performed. One pa-
ient had a postcardiotomy syndrome, causing prolonged
ospital stay.
All patients survived during the follow-up period. Two

atients (14%) experienced neurologic deficits (weakness
f the upper extremities), which had resolved completely
t the time of discharge.
The duration of follow-up ranged from 1 to 43 months

mean 21.4). No redissection or aortic rupture occurred
uring the follow-up period. The postoperative CT scans

evealed complete thrombus formation of the false lu- (
en in the perigraft space in the stented segment of the
ybrid prosthesis within the first 2 weeks after surgery in
2 patients (86%). All patients after acute and chronic
issection showed complete thrombosis of the false lu-
en at the 3-month control (Fig 3).
Changes in the maximum diameter of the descending

horacic aortic and the stent graft distal to the offspring of
he left subclavian artery, at the level of the pulmonary
rtery, and the end of the stent graft were assessed
mmediately after surgery. Changes that occurred during

ig 5. Linear correlation of the shrinkage tendency of the false lu-
en at (A) the origin of subclavian artery (difference A), (B) the

ulmonary artery (difference P), and (C) the end of the stent graft

difference E). (y � difference, in cm; x � time, in months.)


