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Fate of the native aorta after repair of acute type A
dissection: a magnetic resonance imaging study

N R Moore, A J Parry, B Trottman-Dickenson, R Pillai, S Westaby

Abstract
Objective-To determine late patency of
the aortic false lumen and propensity for
aneurysm formation after repair oftype A
dissection.
Design-Retrospective follow up study.
Setting-Regional cardiac surgical unit.
Patients-28 patients after repair of type
A dissection.
Methods-Magnetic resonance imaging
(MRI) was performed between 6 weeks
and 12 months after operation.
Results-A patent distal false lumen with
demonstrable blood flow was found in 22
patients (78%). Only six patients had
complete obliteration of the false lumen
by thrombus. The conduct of operation
did not influence this. Nine patients (32%)
showed aneurysmal dilatation of the false
lumen and three had a repeat operation.
Conclusions-So-called "successful repair"
of aortic dissection does not obliterate the
distal false lumen. MRI is a safe and effec-
tive radiological procedure for determin-
ing patency and dilatation in the false
lumen. Patients with type A dissection
with blood flow in the false lumen should
be studied every 6 months to look for
aneurysmal dilatation.
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Surgical treatment for acute type A dissection
aims to prevent aortic rupture, restore compe-
tence of the aortic valve, and redirect blood
into the true aortic lumen. In most patients
this is achieved by replacement of the ascending
thoracic aorta with resuspension of the com-
missures of the aortic valve. A few patients
including those with Marfan's syndrome are

treated with aortic root replacement. Never-
theless, cystic medial necrosis affects the whole
of the aorta and its major branches and the
aorta distal to the area of repair may contain
further intimal tears. In most patients the false
aortic lumen extends widely and the ultimate
fate after repair is difficult to anticipate.
Aneurysm formation occurs insidiously and
may result in rupture and sudden death.

There is increasing evidence that in many
patients the false lumen does not thrombose"2
as is the principle behind medical treatment of

acute type B dissection. Indeed, flow in the
false lumen may be essential for perfusion of
some abdominal viscera.2 Continued radiolog-
ical assessment is important in asymptomatic
patients to identify those at risk from
aneurysms of the arch or thoracoabdominal
aorta. The results of follow up by magnetic
resonance imaging (MRI) in 28 patients fol-
lowing repair of acute type A dissection are
described here. Our aim was to determine the
incidence of patency of the false lumen and
persistence of blood flow into the new chan-
nel. After late mortality (months) from aortic
rupture in two patients who had type A dissec-
tion repair, we elected to follow up others by
MRI in an effort to determine the propensity
for this lethal event.

Patients and methods
Between October 1987 and October 1991, 55
patients underwent repair of acute type A dis-
section, five of whom had Marfan's syndrome.
There were 38 men and 17 women, aged
25-81 (mean 59 5) years. The clinical diagno-
sis of acute aortic dissection was confirmed
before operation by computed tomography
(CT), aortography, or latterly, transoe-
sophageal echocardiography. The dissection
was acute in all patients and none had existing
aneurysms of the aortic arch or descending
thoracic aorta. In addition, the false lumen
extended through the descending aorta to the
diaphragmatic hiatus or beyond in all patients.
Two different surgical methods were used.

Between 1987 and 1989, the perfusion tem-
perature was reduced to 28°C and the aorta
cross clamped just proximal to the innominate
artery. The ascending aorta was opened, the
dissection identified and excised, and the aorta
replaced with a Hemashield (Meadox (UK),
Caddington, UK) graft. If the intimal tear was
not found within the ascending aorta, then the
systemic core temperature was reduced to
18°C for a period of circulatory arrest. The
aortic arch tear was excised and the arch
replaced. During the second period between
1989-1991, the open ended repair technique
described by Cooley and Livesay3 was
adopted. After repair of the aortic root and
valve all distal graft anastomoses were under-
taken with hypothermic circulatory arrest for
direct vision of the aortic arch. This allowed
excision of the clamp site (applied during
repair of the aortic root) and prevented the
risk of cross clamp damage to the aorta
beyond the distal graft anastomosis which
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Table 1 Patients who did
not undergo magnetic
resonance imaging (MRI)

n

Early mortality
(30 days) 9

Late mortality 6
Ferromagnetic valve

prosthesis 5
Pacemaker 2
Too obese

for scanner 1
Declined MRI* 4

*One was old, two were
claustrophobic, and one
refused to travel long dis-
tance.

existed with our earlier method. In this second
period gelatine resorcinol formol glue4 was

used to eliminate the false lumen at the anas-

tomotic sites and increase the suture holding
capacity of the damaged tissue. For patients
with Marfan's syndrome and others who
required aortic root replacement with either
method of distal repair, the aortic valve was

excised and the coronary ostia mobilised then
reimplanted into a valved conduit.

Figure 1 Transverse Tl weighted image through the ascending aorta cranial to the graft,
showing a residual type A dissection (arrows) with patent false lumen.

Figure 2 (A) Transverse
and (B) coronal Tl
weighted images. The graft
seen in (A) is satisfactoty.
There is a residual
dissection of the arch and
descending aorta (arrows)
with intermediate signal
thrombus partially
occluding the false lumen.

CLINICAL OUTCOME
Of the 55 patients, 13 (24%) underwent aortic
root replacement with a valved conduit,
whereas 42 had ascending aortic replacement
with a Hemashield graft and repair of the aortic
valve. Patients who had aortic root or ascending
aortic replacement were evenly distributed
between the two surgical methods described.
Four patients required aortic arch replacement
for an arch tear; this comprised resection and
replacement of the underside of the aortic arch
in three patients, while one 84 year old woman
had complete aortic arch replacement with
reimplantation of the head and neck vessels.

There were no operative deaths, but nine
patients died within 30 days of surgery (early
mortality 16%). Five of these patients pre-
sented late (more than 60 h after acute dissec-
tion) with established multisystem failure from
which they did not recover postoperatively.
Two others died of mensenteric vascular
occlusion and bowel infarction. Two patients
died out of hospital from free rupture of the
patent false lumen.

Clinical follow up in the 46 surviving
patients varied from 6 months to 5 years. MRI
was performed in 28. Table 1 gives the reasons
for exclusion for MRI in the 18 remaining
patients. Six patients died suddenly of sus-
pected cardiovascular events during the follow
up period (late mortality 13%). One patient
who had aortic root replacement with a
mechanical valved conduit was anticoagulated
and suffered a fatal stroke. The remaining five
patients had uneventful ascending aortic
replacement with valve repair. Postmortem
examination in one showed a ruptured
descending thoracic aorta but necropsy was
not performed on the remaining five.

CONDUCT OF MAGNETIC RESONANCE IMAGING
MRI scans were performed between 6 weeks
and 12 months after surgery and repeated
every 6 months in patients with signs of
aneurysm formation. Imaging was performed
using a MRI system (Signa Advantage IGE
Medical Systems, Slough, UK) operating at
1-5 T. Cardiac and respiratory motion
induced artefacts were reduced by the use of
acquisitions gated to the R wave of the electro-
cardiogram and respiratory compensation
respectively. TI weighted spin echo images
were obtained in the coronal, transverse, and
where indicated sagittal or oblique planes from
neck to mid-pelvis and these were supple-
mented by further T2 weighted spin echo
images where appropriate. Section thickness
was either 8 mm with a 2 mm intersection gap
or 10 mm with a 5 mm intersection gap for
spin echo acquisitions. The acquisition matrix

Table 2 Results of the magnetic resonance imaging
(MRI) studies (n = 28)

n

Complete obliteration of the false lumen 6 (21)
Patency in the aortic arch 22 (79)
Patency in the brachiocephalic vessels 16 (57)
Patency in the descending thoracic aorta 17 (61)
Patency in the thoracoabdominal aorta 15 (54)

Values in parentheses are percentages.
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Figure 3 Sagittal Tl
image through the graft in
the ascending aorta. There
is a dissection flap
extending into the
innominate artery
(arrow).

Figure 4 (A) Transverse gradient recalled acquisition in the steady state (GRASS)
image at the origin of the superior mesenteric artery showing high intensity within flowing
blood. The dissection flap is seen as a low signal curved stripe (arrowhead). (B)
Transverse Tl image in the same patientjust above the bifurcation of the aorta showing
the residual dissection (arrow).

was 256 x 128 for the coronal images, and
256 x 192 for the transverse, sagittal, and
oblique images. The field of view varied
according to patient size. In addition, a gradient
recalled acquisition in the steady state
(GRASS) image was performed in the trans-
verse plane, as either a single slice technique
or a four section, 16 partition, cine acquisi-
tion. The flip angle for the GRASS sequences
was 300 and the acquisition matrix was 256 x
128. The GRASS or cine GRASS studies were
performed to confirm the spin echo assess-
ment of luminal patency or thrombosis.
A patent false lumen was typified by signal

void on spin echo images and variations of
high signal intensity on the GRASS images.
Material of constant signal intensity on both
pulse sequences was diagnosed as thrombus.
Slowly flowing blood showed intermediate sig-
nal intensity on Ti but variations in high sig-
nal intensity on the cine GRASS images.

Results
Of the 28 patients who underwent MRI, 22
(78%) had some demonstrable blood flow
within the false lumen (figs 1 and 2). Only six
patients had complete obliteration of the false
lumen by thrombus (table 2). Neither the
overall time from the initial operation nor the
type of surgical repair influenced persistence
of blood flow within the false lumen.
Extension of the surgical procedure into the
aortic arch did not prevent patency of the false
channel in the descending thoracic aorta. The
false lumen was present in the arch in 22
patients (79%) and extended widely into the
brachiocephalic vessels, and descending and
thoracoabdominal aorta. One patient devel-
oped a dissection of the aortic root proximal to
the ascending aortic graft despite the initial
tear being located high in the ascending aorta
at the original operation. In 16 patients (57%)
the brachiocephalic arteries were dissected (fig
3), although none of these patients had mani-
fest neurological signs or symptoms. Similarly,
none of the 17 patients with persistent dissec-
tion of the descending thoracic aorta (61 %) or
15 with thoracoabdominal involvement (54%)
(fig 4) was symptomatic. One patient with tho-
racoabdominal dissection had a normal aortic
arch on imaging but an apparently new dissec-
tion (type B) in the descending aorta.
As well as persistent blood flow in the false

lumen, nine patients (32%) including all those
with Marfan's syndrome showed aneurysmal
dilatation (fig 5). The size of aneurysm ranged
from 5 0 to 9 3 cm, and elective reoperation
was undertaken in three patients because of
aneurysm size greater than 6-0 cm. The first
patient had aortic root replacement for
aneurysmal sinuses of Valsalva. The second
had complete replacement of the aortic arch
for an 8-7 cm aneurysm (fig 6) with tracheal
compression. The last patient who had
Marfan's syndrome underwent repair of a
massive descending thoracic aneurysm and
suffered paraplegia followed by fatal multisys-
tem organ failure.
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Figure 5 (A) Sagittal and (B) transverse Tl weighted images in a patient with a
partially thrombosed aneurysm of the non-coronary sinus (curved arrow) (same patient as
in fig 1).

Discussion
Surgery for acute type A aortic dissection aims
to redirect blood flow into the true aortic
lumen, which theoretically should allow the
false channel to thrombose and obliterate. In
practice, patients who survive primary opera-
tion remain at significant risk of death from
rupture of other areas particularly the
descending aorta. Rupture of the distal aorta
accounts for about 30% of deaths after repair
of type A dissection and up to 30% of patients
develop aneurysms distal to the ascending aor-
tic graft (16% in our series).5 In the acute
phase transoesophageal echocardiography is
the preferential method to diagnose type A
dissection in a haemodynamically unstable
patient and is used to demonstrate the site of
tear.6 Although MRI has been shown to be
highly sensitive and selective in the diagnosis
of acute aortic dissection,68 we consider this
procedure to be impractical in this situation.'
The time required in the magnet is too long
for an unstable patient with acute aortic regur-
gitation or cardiac tamponade. At follow up,
however, MRI is superior to other techniques
including contrast enhanced CT, transtho-
racic or transoesophageal echocardiography or
aortography (sensitivity 96-100%, and speci-
ficity of 98-100% MRI v 83-94% for CT).6910
Furthermore, CT requires the use of large
doses of iodinated contrast medium and incurs
a substantial radiation dose to the patient.
MRI is less invasive than transoesophageal
echocardiography on an outpatient basis, and
provides important information relating to
flow patterns within the true and false aortic
lumen1' together with a realistic assessment of
the development of thrombus.'2 It provides
accurate information about the degree of
dilatation in the false lumen,13 which when
associated with blood flow seems to be a bad
prognostic sign.14 However, the proportion of
patients excluded from MRI is significant. The
problem of ferromagnetic substances in valve
prostheses is now less with the pyrolitic carbon
bileaflet valves. The issue of long distance
travel will disappear with increasing availabil-

Figure 6 (A) Transverse Tl weighted and (B) cine gradient recalled acquisition in the steady state (GRASS) images showing a residual ascending
aortic dissection and an 8-7 cm aneurysm of the proximal descending aorta. The intermediate signal on the Tl weighted image (arrow) (A) is of high
signal on the GRASS image (B) indicating turbulent, slowly flowing blood.
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ity of MRI scanners but the problem of claus-
trophobia remains.

In our patients there was a high incidence of
patency and blood flow within the false lumen
irrespective of whether or not the open ended
technique was used for repair. None of our
three patients who had a repeat operation had
symptoms sufficient to warrant surgery but
MRI showed large thin walled aneurysms.
None of these aneurysms was present before
operation as imaged by CT, aortography or
transoesophageal echo. Evidence from the nat-
ural history of atherosclerotic abdominal aortic
aneurysms shows that the incidence of rupture
is 80% when the aneurysm is > 8 cm in diame-
ter, 43% when > 6 cm and 4% when < 5 cm.15
No report has yet addressed the relative risk of
rupture in aneurysms of the false lumen after
aortic dissection but it is unlikely that extrapo-
lation from atherosclerotic aneurysms is use-
ful.

Patients with Marfan's syndrome are partic-
ularly at risk from late aortic aneurysm after
aortic dissection and every effort should be
made to replace the Marfan aortic root before
dissection occurs.'6 Surgery is therefore rec-
ommended for aortic root dilatation of 6-0 cm
irrespective of the degree of aortic regurgita-
tion.17 This dimension should be reduced to
5*0 cm for those with a family history of dis-
section as the mortality for elective root
replacement is less than 5% in experienced
hands. 16
We conclude that MRI scanning is a safe

and effective method for follow up of patients
after repair of acute type A dissection.
Attention should be drawn to the extremely
high rate of patency of the false channel even
after successful ascending aortic replacement
with uneventful recovery. This may progress
to aneurysm formation and rupture particu-
larly in patients with Marfan's syndrome.
Because of this we recommend follow up every
6 months by MRI for patients who survive

surgery for acute type A dissection and elective
surgery for those with aneurysms (> 6-0 cm).
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