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Background—Aaortic intramural hematoma (IMH) evolves very dynamically in the short-term to regression, dissection, or
aortic rupture. The aim of the present study was to assess the long-term clinica and morphological evolution of

medically treated IMH.

Methods and Results—Fifty of 68 consecutive patients with aortic IMH monitored clinically and by imaging techniques
at 3, 6, and 12 months and annually thereafter were prospectively studied. Mean follow-up was 45+31 months. In the
first 6 months, total IMH regression was observed in 14 and progression to aortic dissection in 18 patients; in 14 of these,
the dissection was localized, and 12 later developed pseudoaneurysm. At the end of follow-up, the IMH had regressed
completely without dilatation in 17 patients (34%), progressed to classical dissection in 6 (12%), evolved to fusiform
aneurysm in 11 (22%), evolved to saccular aneurysm in 4 (8%), and evolved to pseudoaneurysm in 12 (24%). Evolution
to dissection was related to echolucency (P<<0.02) and to longitudinal extension of IMH (P<<0.01). Multivariate analysis
showed an independent association between regression and smaller maximum aortic diameter and between aneurysm
formation and atherosclerotic ulcerated plaque and absence of echolucent areas in IMH.

Conclusions—The most frequent long-term evolution of IMH is to aortic aneurysm or pseudoaneurysm. Complete
regression without changes in aorta size is observed in one third of cases, and progression to classical dissection is less
common. A normal aortic diameter in the acute phase is the best predictor of IMH regression without complications,
and absence of echolucent areas and atherosclerotic ulcerated plague are associated with evolution to aortic aneurysm.

(Circulation. 2003;108:583-589.)
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I ntramural hematoma of the aorta (IMH) results either from
spontaneous rupture of the vasavasorum of the aortic wall
or from a penetrating atherosclerotic ulcer.:2 Recent ad-
vances in imaging techniques have significantly improved the
diagnosis and heightened clinical understanding of IMH,
accounting for a frequency of 10% to 30% of all acute aortic
syndromes.3-° In its early phase, several studies have shown
IMH to be avery dynamic process that |eads to reabsorption,
classical dissection, or aortic rupture.3-16 Recent studies using
clinical and radiological findings identified prognostic mark-
ers associated with medium-term IMH progression or regres-
sion, with conflicting results.1”18 Therefore, additional stud-
ies using a wider range of imaging techniques are required to
determine the predictive factors of long-term evolution of
IMH.1°

The aim of the present study was to assess prospectively
the long-term clinical and morphological evolution of medi-
caly treated IMH using multiple imaging techniques in a
series of consecutive patients from a single hospital surviving
the acute phase of the disease.

M ethods

Study Patients
From January 1990 to December 2000, 302 patients were prospec-
tively identified at our center, a general referral hospital, as having
acute nontraumatic aortic syndrome by at least 2 imaging techniques,
transesophageal echocardiography (TEE) and MRI or contrast-
enhanced computed tomography (CT), or anatomical findings at
surgery or autopsy. The diagnosis of IMH was made according to
previously established criteria4-6 Cases with intima flap were
specifically excluded. In patients in whom noncommunicating aortic
dissection had to be ruled out, the 3 imaging techniques were
performed and the morphological sequential changes were assessed.
Clinica baseline findings included demographic data and cardio-
vascular risk factors. A patient was considered to have atheroscle-
rosis whenever a history of ischemic heart disease, periphera artery
disease, or nonembolic cerebral vascular accident was documented.

Imaging Techniques

TEE and MRI or CT were performed in all patients during the acute
phase. Echocardiographic examination was performed with a GE
System Five or HP Sonos 1000 apparatus using a biplane probe up
to 1995 and multiplane probe thereafter. Location, maximum thick-
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ening, circular or crescentic form, and echolucency of IMH were
assessed by TEE as reported previously.>7.20 Aortic atherosclerosis
was defined by the presence of protruding fibrotic or calcified plaque
and atherosclerotic ulcerated plague when this plague had a crater-
like outpouching in the aorta wall with jagged edges2t CT was
performed with Twin Flash (Elscint) and Mx 8000 Quad (Philips)
scanners and intravenous boluses with 80 to 150 mL of nonionic
contrast medium. Helical CT was performed after administration of
contrast material. MRI was performed with a superconducting MR
15T and 1.0T image (Magnetom Vision and Impac; Siemens).
Transverse, oblique sagittal, and coronal imaging was obtained with
gated ECG. T1-weighted spin-echo, HASTE sequence, and breath-
hold gadolinium-enhanced rapid MR angiographic technique were
performed in all studies. Maximum diameter of the aorta segment
with IMH was measured by CT or MRI using transverse planes.
When the aorta was tortuous, maximum diameter was measured by
MRI choosing the diameter most perpendicular to the aorta wall on
corona or oblique sagittal views. If MRI was counterindicated, the
measurement obtained by helical CT scan was used. IMH was
defined as extensive when the longitudinal extension was greater
than 15 cm by MRI or CT scan.

Follow-Up Protocol

Patients were followed-up both clinicaly (A.E. and A.S.) and by
imaging techniques at 3, 6, and 12 months and annually theresfter.
Clinical follow-up included strict systolic blood pressure control at
=120 mm Hg and eva uation of the presence of chest pain and other
complications. TEE and MRI or CT were performed at each control
to determine maximum aortic diameter and morphological changes
in the aorta wall.

The following 7 different patterns of evolution were considered:
(1) regression, when IMH was totaly reabsorbed on 2 imaging
techniques, with neither aortic morphological changes nor increment
higher than 10% of the basal aortic diameter; (2) classical dissection,
when an intimal flap extending longitudinaly and generating an
aortic double lumen with flow in both lumina was observed; (3)
localized dissection, when an intimal flap less than 50 mm with a
single wide intimal tear with bidirectional flow was observed; (4)
fusiform aneurysm, when the aorta was circularly dilated and its
diameter increased >10% of the basal diameter, reaching a diameter
>50 mm in ascending aorta, arch >45 mm in arch, and >40 mm in
descending aorta; (5) saccular aneurysm, when a saccular dilatation
>5 mm compared with the surrounding aortic lumen diameter
developed; (6) pseudoaneurysm, when saccular dilatation devel oped
from a localized dissection with disappearance of the intimal flap;
and (7) persistence, when the IMH had not completely regressed or
criteria of the previous groups were not fulfilled. Annual growth rate
of the maximum aortic diameter was obtained from the differencein
the diameter between initial and final measurements divided by the
time elapsed between the 2 measurements.

Death Survival Death Survival
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Statistical Analysis

All vaues are expressed as mean=SD. Univariate analysis was
performed on al clinical and morphologica variables, with the x?
test and Fisher's exact test used for categorical variables and the
Student’s t test for continuous variables. Logistic regression models
to identify independent predictors of final morphological outcomes
and the development of severe complications were constructed.
Variables showing a relationship with the outcome at the signifi-
cance level of <0.1 in univariate methods were included in the
model. A value of P<<0.05 was considered significant in all tests.

Results

Study Patients

Sixty-eight consecutive patients were diagnosed with IMH,
12 with type A and 56 with type B (Figure 1). Six type A and
2 type B patients were operated on during hospitalization
because of complicated clinical course or indirect signs of
aortic rupture. Eight patients died during hospitalization, 4
treated surgically (2 type A and 2 type B) and 4 treated
medically (1 type A and 3 type B). Six of the 56 discharged
medically treated patients were not included in the prospec-
tive follow-up protocol, 3 for residing far from our center, 2
for concomitant disease with high morbidity, and 1 for
refusing to participate in the follow-up protocol. The patient
cohort includes 50 of 68 consecutive patients; clinical char-
acteristics and morphological baseline findings of IMH are
shown in Table 1. No patient had a giant (discrete) ulcer
image in acute phase. Patients were discharged with antihy-
pertensive treatment.

The follow-up ranged from 2 to 114 months (mean, 45+31
months, median, 43 months). No patient was lost to follow-
up. Eleven patients presented with chest pain; in 6 the pain
was consistent with an aortic origin and in the remaining 5
this was unclear. One patient had intermittent claudication,
and 2 had rena failure. There were no other definite
symptoms.

Type A

Two of the 5 surviving patients with an unoperated type A
IMH underwent surgery within the first 3 months, 1 because
of progression to type A dissection and 1 for progression to
fusiform aneurysm after rebleeding in the aortawall observed
by MRI. IMH regressed within the first 3 months in 2 other



Evangelista et al

TABLE 1. Clinical Characteristics, Aortic Segments With IMH,
and Baseline Morphological Findings (n=50)
Characteristic No. (%)
Age, ¥ 67+9
Men/women 45/5
Systemic hypertension 38 (76)
Smoking 26 (52)
Hyperlipidemia 12 (24)
Diabetes 7(14)
Atherosclerotic disease 18 (36)
Abdominal aortic aneurysm 11(22)
Aortic segments with IMH
Descending thoracic aorta 46 (92)
Abdominal aorta 9(18)
Aortic arch 7(14)
Ascending aorta 5(10)
Morphological findings
Maximum diameter, mm 44.0£71
Maximum thickness, mm 13.4+4.1
Circular shape 16 (32)
Extensive 37 (74)
Echolucent areas 25 (50)
Atherosclerosis plaque 16 (32)
Atherosclerotic ulcerated plaque 10 (20)

patients, 1 of whom died from noncardiovascular cause at 8
months. The fifth patient showed persistence of IMH; dissec-
tion developed after 13 months and surgery was performed.

Type B

Of the 45 type B patients, 1 was treated surgically and 1
received an endovascular prosthesis for large saccular and
fusiform aneurysm development, respectively. Five patients
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Figure 2. Different evolution patterns of IMH from morphological
changes to final outcomes.

died suddenly, with aortic rupture being suspected, and 2 died
from noncardiovascular causes (Table 2). Surgery or endo-
vascular treatment was considered in 11 patients. Three were
not accepted because of age (>75 years) and comorbidity,
and 3 refused therapy. Five patients are now awaiting
endovascular treatment.

Morphological Evolution

The IMH regressed (Figure 2) in 17 patients (34%). Regres-
sion occurred within 6 monthsin 14 of the 17 patients, in 2 of
whom a previous localized dissection had been observed.
With regression of the IMH, aortic diameter decreased in 9
cases (1 to 7 mm) and did not change or increased less than
1 mm in the remaining 8. Progression to dissection was
observed in 20 patients (40%), with classical dissection in 6
(2 in ascending aorta and 4 in descending aorta) and localized
dissection in descending aorta in 14. Eighteen of 20 dissec-
tions developed within 6 months. Twelve of these 14 local-
ized dissections then evolved to pseudoaneurysm after an
identical evolution pattern, as follows: localized dissection,
progressive saccular dilatation, and disappearance of the
intimal flap (Figure 3). Eleven patients (22%) showed pro-

TABLE 2. Characteristics of Patients With Severe Events During Follow-Up

Diameter, mm

Age, Interval, Morphological

Patients Events Type y mo Evolution Basal End Follow-Up
1 Sudden death B 66 4 Fusiform aneurysm 54 61
2 Sudden death B 70 12 Fusiform aneurysm 55 63
3 Sudden death B 72 72 Fusiform aneurysm 50 67
4 Sudden death B 40 60 Fusiform aneurysm 50 62
5 Sudden death B 74 36 Type B dissection 46 70
6 Non-C death B 79 72 Pseudoaneurysm 40 50
7 Non-CV death B 75 36 Regression 35 34
8 Non-CV death A 82 8 Regression 48 50
9 Death in surgery B 65 84 Saccular aneurysm 50 94
10 Death in surgery A 65 3 Fusiform aneurysm 52 64
1 Surgery A 62 13 Type A dissection 61 70
12 Surgery A 64 3 Type A dissection 54 60
13 Endovasc treat B 62 65 Pseudoaneurysm 51 76

C indicates cardiac; CV, cardiovascular; and Endovasc treat, Endovascular treatment. Patient 6 died after stroke;

patients 7 and 13 died of respiratory failure.
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Figure 3. IMH evolving to pseudoaneurysm over a 4-year period. A, In the acute phase, MRI shows a high signal intensity suggestive
of IMH. Top, Sagittal view demonstrates IMH in the upper and middle third of the descending thoracic aorta; bottom, IMH adopts a
crescentic form in the axial view. B, At 6 months of follow-up, MRI in sagittal view (top) reveals a localized dissection; bottom, CT scan
at this level displays typical dissection. C, At 4 years of follow-up, in sagittal view by gradient echo sequence (top), 2 pseudoaneurysm
formations are observed, 1 in the site of localized dissection and another in abdominal aorta; bottom, CT scan shows that the intima

has almost completely disappeared.

gressive aortic dilatation, eventually developing fusiform
aneurysm (Figure 4). Another 4 cases of IMH (8%) with
atherosclerotic ulcerated plague evolved to saccular aneu-
rysm; 1 of these required surgical treatment at 7 years of

follow-up (Figure 5). MRI showed signs of rebleeding in the
aortic wall during follow-up in 3 asymptomatic patients, with
2 evolving to fusiform aneurysm and 1 to saccular aneurysm.
The mean growth rate of the maximal aortic diameter was

Figure 4. IMH evolution to fusiform aneurysm. A, MRI in sagittal view showing an IMH in the posterior aorta wall (arrows). B, Gradient-

echo MRI confirming the evolution to fusiform aneurysm 5 years later.
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significantly higher in the group that evolved to aneurysm
formation (4.0=5.4 mm) and classical dissection
(4.9+2.6 mm) than in the group with IMH regression
(0.1+1.7 mm, P<0.005).

Prognostic Variables of IMH Evolution

The relationship between baseline morphological findings
and evolution is listed in Table 3. Patients who showed
regression of IMH had smaller aortic diameter (38.9+4.5
versus 46.5+6.9 mm, P<0.001) and IMH thickening
(11.8+4.1 versus 14.1+3.9 mm, P<<0.05) than the remaining
group. The 11 patients who presented chest pain during
follow-up did not evolve with regression (P<<0.05), 6 with
aortic dissection and 5 with aneurysm formation. Variables
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Figure 5. IMH evolution to saccular an-
eurysm. A, In acute phase, TEE (left)
shows in transversal view an atheroscle-
rotic ulcerated plaque (arrow) with IMH in
the upper part of the descending aorta;
MRI, T1-weighted, in sagittal view (right)
reveals this ulceration (arrow) in the dis-
tal part of the aortic arch. B, MRI at 3
years reveals a high-density signal attrib-
utable to symptomless recurrent bleed-
ing of the aortic wall. C, Seven years
later, MRI shows a large saccular aneu-
rysm (arrow) in the original site of the
atherosclerotic ulcerated plaque.

related to evolution to aortic dissection (classical or localized)
were echolucency (14 of 18, 78%, versus 11 of 32, 34%;
P<0.02) and longitudinal extension of IMH (17 of 18, 94%,
versus 20 of 32, 63%; P<<0.01). Twelve of the 14 cases with
localized dissection evolved to aortic pseudoaneurysm for-
mation. Patients who evolved to fusiform or saccular aneu-
rysm more frequently had associated atherosclerotic disease
in other sites (10 of 15, 67%, versus 8 of 35, 23%; P<<0.05),
greater prevalence of atherosclerotic ulcerated plague (7 of
15, 47%, versus 3 of 35, 9%; P<<0.005), and greater aortic
diameter in acute phase (47.1+5.8 versus 42.5+7.3 mm,
P<0.05) than the rest.

Multivariate analysis only showed an independent associ-
ation between regression and maximum aortic diameter in

TABLE 3. Relationship Between IMH Baseline Morphological Findings and Final

Morphological Outcomes

Final Morphological Outcomes

Classical Aneurysm, Aneurysm,

Regression, Dissection, Pseudoaneurysm, Saccular, Fusiform,
Baseline Findings n=17 n=6 n=12 n=4 n=11
Type A (%) 2 (40) 2 (40) 0 0 1(20)
Type B (%) 15 (33) 4(9) 12 (27) 4(9) 10 (22)

Maximum diameter, mm 38.9+4.5% 45.0+5.7 46.2+8.7 46.1+5.6 47.6+6.11

Maximum thickness, mm 11.8x4.11 12.2+3.6 14.4+3.7 14.8+3.0 14.3+4.7
Echolucent areas (%) 7(28) 5(20) 10 (40)t 14) 3(12)
Extensive (%) 9(24) 6 (16) 11 (30) 38 8(22)
Circular shape (%) 5(31) 1(6) 6 (38) 1(6) 3(19
Ulcerated plaque (%) 2(20) 1(10) 0 4 (40)* 3(30)

*P<0.001, 1P<<0.05 for comparisons with the remaining values in each row.
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acute phase (OR=0.7 [0.5 to 0.9]), with smaller diameter
being an independent predictor of IMH regression. Further-
more, an independent association was also found between
aneurysm formation and presence of atherosclerotic ulcerated
plaque (OR=10.5 [1.3 to 85.3]), and absence of echolucent
areas in the IMH (OR=0.13 [0.02 to 0.94]).

Predictive variables of severe complications, the group of
patients previously described in Table 2, were maximum
aortic diameter (P<<0.001) and IMH thickness (P<0.01).
Only basal aortic diameter was an independent predictor on
multivariate study (OR=1.6 [1.1 to 2.4]).

Discussion

IMH has been increasingly recognized in acute aortic syn-
dromes. In the present series, 22% of patients with acute
aortic syndromes had IMH, a frequency consistent with that
reported in other studies®912 Few studies exist on the
predictors of medium- to long-term evolution patterns of
IMH, and most of them are retrospective.17.1822.23 Further-
more, the results of the 2 major studies,*”-18 which used only
clinical and radiologica findings, show some disagreement.
Our study represents a definite improvement on the previous
information for the following reasons. First, it is prospective
and was designed to investigate the morphological changes of
IMH evolution. Second, we used a wider range of imaging
techniques, TEE, MRI, or CT, in the acute phase and during
follow-up. Third, to date, thisis the longest prospective study
on IMH with a low use rate of interventiona procedures,
which may reflect the natural evolution of medically treated
aortic IMH patients surviving the acute phase.

IMH Evolution

Although controversy exists,#132425 the |location of IMH may
have strong prognostic significance, with type A having a
higher rate of complications.#13 Our results agree with this
notion, but our number of patients with type A IMH is too
small to draw definite conclusions. The present study shows
that the most frequent morphological long-term evolution of
IMH is to aortic aneurysm or pseudoaneurysm formation
(54% of cases). Remarkably, regression without changes in
aorta size or morphology is fairly common (34% in this
series); on the other hand, progression to classic aortic
dissection is less frequent (12%). Data on aneurysm forma-
tion after IMH stemmed only from retrospective series, and
the frequency and progression of IMH were not defined.2223
In agreement with findings reported in other series dealing
with short-term IMH evolution,*-711.1215 we observed IMH
regression in 28% and aortic dissection in 36% of patientsin
the first 6 months of evolution. Nevertheless, it is noteworthy
that most dissections were localized, which implied in most
cases a different evolution pattern toward aortic
pseudoaneurysm.

Prognostic Factors

Maximum aortic diameter in the acute phase is the variable of
greatest prognostic yield for IMH regression, showing
smaller maximum aortic diameter than the group that evolved
to aorta aneurysm or dissection. These findings concur with
those of previous studies, which reported similar results of

IMH regression or persistence in a short-term follow-up.1216
Recently, Sueyoshi et al*” reported that an aortic diameter less
than 40 mm and a thickness less than 10 mm identified the
type B IMH regression group. By contrast, Ganaha et al8
suggested that the presence of penetrating atherosclerotic
ulcer in acute phase was the factor that predicted progression
or regression of IMH, with maximum aortic diameter lacking
prognostic value. The frequency of penetrating atheroscle-
rotic ulcer was strikingly high (52%). In this retrospective
study, the baseline imaging technique was carried out within
2 weeks after the onset of symptoms, and 5 patients had a
chronic IMH. Thus, localized dissections developing from an
IMH could have been included as penetrating atherosclerotic
ulcers.

In our study, with the use of TEE and MRI, we observed
that most ulcer-like projections corresponded to localized
dissections with a well-apparent intimal flap and a large
single-entry tear. One of the most striking findings of the
present study was that most localized dissections appeared
within the first 3 months of evolution and developed progres-
sive saccular dilatation with disappearance of the intima and
subsequent pseudoaneurysm formation. In contrast to pene-
trating atherosclerotic ulcer, these ulcer-like images are not a
cause of IMH but an early complication. On the other hand,
the prognosis of these ulcer-like lesions is better than that of
penetrating atherosclerotic ulcer,26.27 because some may show
complete regression.2”.23 Variables predicting progression to
aortic dissection were echolucency and IMH extension. In a
recent study by Song et al,2° no prognostic significance was
found between echo-free space detected in IMH and progres-
sion to dissection; however, in that study, only TEE was
performed during a short follow-up, and therefore some
localized dissections may have gone unnoticed.

Long-term evolution to fusiform aneurysm is related to
greater aortic diameter in the acute phase, because structural
weakness of the media and mechanical stress may favor
fusiform dilatation.22 On the other hand, patients evolving to
fusiform or saccular aneurysm had higher frequency of
atherosclerotic disease and ulcerated plaque in the aorta,
which points to the atherosclerotic process as an important
cause of aneurysm formation. These findings suggest that
IMH might be involved in the pathogenesis of chronic
aneurysm. In patients with aortic atherosclerosis, some aorta
wall hemorrhages may be symptomatic, as shown in the
present series, and be diagnosed as IMH within acute aortic
syndrome, whereas others might be asymptomatic with silent
progression to aortic aneurysm. Remarkably, in the present
series, 3 asymptomatic patients with aortic rebleeding during
follow-up evolved to aneurysm formation.

Limitations

The number of patients with type A IMH in the present series
is too small to adequately represent the long-term evolution
of this subgroup, because 50% required surgical treatment
during the acute phase owing to clinical complications.
However, we did not exclude our type A cases, because our
seriesincluded all medically treated IMH patients discharged
after acute phase. In any event, our results with type A cases
illustrate the complicated course of this IMH subgroup.
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In summary, the most frequent long-term evolution of IMH
is to aortic aneurysm or pseudoaneurysm. Complete regres-
sion without changes in aorta size or morphology is observed
in only one third of cases in the first year of follow-up, and
progression to classical dissection is less common. Evolution
to aneurysm was more frequent in patients with associated
atherosclerotic disease, atherosclerotic ulcerated plagues, and
absence of echolucent areas in IMH, and progression to
dissection was related to echolucency and greater IMH
extension. A normal aortic diameter in acute phase was the
best predictor of IMH regression without complications. The
frequent evolution to aneurysm formation warrants a close
long-term follow-up by imaging techniques when no IMH
regression is observed in the first 6 months of follow-up.
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