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Background—The definition, prevalence, outcomes, and appropriate treatment strategies for acute intramural hematoma
(IMH) continue to be debated.

Methods and Results—We studied 1010 patients with acute aortic syndromes who were enrolled in the International
Registry of Aortic Dissection (IRAD) to delineate the prevalence, presentation, management, and outcomes of acute
IMH by comparing these patients with those with classic aortic dissection (AD). Fifty-eight (5.7%) patients had IMH,
and this cohort tended to be older (68.7 versus 61.7 years; P�0.001) and more likely to have distal aortic involvement
(60.3% versus 35.3%; P�0.001) compared with 952 patients with AD. Patients with IMH described more severe initial
pain than did those with AD but were less likely to have ischemic leg pain, pulse deficits, or aortic valve insufficiency;
moreover, they required a longer time to diagnosis and more diagnostic tests. Overall mortality of IMH was similar to
that of classic AD (20.7% versus 23.9%; P�0.57), as was mortality in patients with IMH of the descending aorta (8.3%
versus 13.1%; P�0.60) and the ascending aorta (39.1% versus 29.9%; P�0.34) compared with AD. IMH limited to the
aortic arch was seen in 7 patients, with no deaths, despite medical therapy in only 6 of the 7 individuals. Among the
51 patients whose initial diagnostic study showed IMH only, 8 (16%) progressed to AD on a serial imaging study.

Conclusions—The IRAD data demonstrate a 5.7% prevalence of IMH in patients with acute aortic syndromes. Like classic
AD, IMH is a highly lethal condition when it involves the ascending aorta and surgical therapy should be considered,
but this condition is less critical when limited to the arch or descending aorta. Fully 16% of patients have evidence of
evolution to dissection on serial imaging. (Circulation. 2005;111:1063-1070.)
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Acute aortic syndromes, a highly morbid set of conditions
characterized by the sudden onset of thoracic pain,

includes classic aortic dissection (AD) and intramural aortic
hemorrhage with a variable clinical course.1–3 Although there
is consensus about the definition and treatment of classic
AD,1,4 the approach to acute intramural hematoma (IMH) of
the aorta remains elusive.5 Much of the controversy stems
from an incomplete knowledge of its natural history.6–9

The International Registry of Aortic Dissection (IRAD)
represents a unique multicenter, collaborative effort devel-
oped to elucidate the presentation, evaluation, management,
and outcomes of patients with acute aortic syndromes.2

Because of the registry’s volume, (n�1000), IRAD repre-
sents a unique resource to explore controversies in acute
aortic syndromes. In the present study, we explored the
clinical presentation, management, and hospital outcomes of
acute IMH.

Methods
IRAD Registry
The inception and structure of IRAD have been described previous-
ly.2,10,11 In brief, 18 large referral centers in 6 countries agreed to
participate in the ongoing registry, established in 1996. The main
purpose of IRAD was to assess etiologic factors, modes of presen-
tation, clinical features, treatment, and hospital outcomes of patients
with acute AD. Beginning on January 1, 1996, consecutive patients
with AD (both type A and type B) presenting to IRAD sites were
enrolled. Patients were identified either prospectively at presentation
or retrospectively by searching hospital discharge diagnosis records
and/or surgery, pathology, and ultrasound databases. Diagnosis was
suspected on the basis of the history and physical examination and
was confirmed by imaging study, visualization at surgery, and/or
postmortem examination.2

Patient Selection
Patients with acute aortic syndromes enrolled between January 1,
1996, and November 19, 2001, were analyzed and separated into
those with “true IMH” and those with “classic AD.” IMH was
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defined strictly as an aortic wall hematoma without a demonstrable
intimal flap on imaging study and no radiologically apparent intimal
tear, and acute AD was defined by visualization of an intimal flap
separating 2 lumina; the acute stage was confined to the initial 14
days after symptom onset.2 Although hemorrhage into the aortic
media occurs in both disorders, an intimal tear with resultant false
lumen is not present in IMH. Instead, hemorrhage occurs within the
aortic wall due to either rupture of the vasa vasorum or, less
commonly, an atherosclerotic, penetrating aortic ulcer.

Data Collection
Data were acquired with the use of a standardized form that included
fields for patient demographics, history, clinical presentation, phys-
ical findings, imaging study results, details of medical and surgical
treatment, and outcomes. Completed data entry forms were for-
warded by the participating IRAD sites to the coordinating center at
the University of Michigan. Data forms were reviewed for internal
validity and were scanned electronically into an Access database.

Clinical Events
Chart review was used to identify in-hospital clinical events and
(in-hospital) death. Standard American College of Cardiology/
American Heart Association definitions were used to document
various in-hospital complications. Abrupt-onset pain was defined as
sudden, severe pain in the chest, neck, or back, with maximum
intensity at onset that brought the patient to medical attention. An
ECG was noted as abnormal when it showed pathological Q waves,
ST-segment deviation �2 mm, T-wave inversions, left bundle-
branch block, or left ventricular hypertrophy.

Data Analysis
Presentation, evaluation, management, and outcomes among several
cohorts in IRAD were compared between classic AD and patients
without classic AD on initial imaging. IMH was considered when
identified on the first or second imaging study and lack of any double
lumen and/or intimal flap. Patients with true IMH were compared
with those with classic AD with regard to presentation, physical
findings, treatment, and outcomes.

Furthermore, the relationship between anatomic location of aortic
involvement and outcome was analyzed for IMH of the ascending
aorta and the aortic arch.12,13 Finally, the diagnostic evolution was
carefully tracked in patients whose initial imaging findings either
showed IMH or were nondiagnostic. Evidence of progression al-
lowed us to estimate the frequency and time course of IMH
progression to AD.

Statistical Analysis
Summary statistics are presented as frequencies and percentages,
mean�SD, or median and interquartile ranges. In all cases, missing
data were not defaulted to negative, and denominators reflect only
those cases reported. Nominal variables were compared by means of
�2 tests and 2-sided Fisher exact tests when appropriate. Continuous
univariate variables were tested by means of 2-sided Student t tests.
By use of the Cochran-Armitage trend test, hospital mortality was
related to the location of the central segment of IMH as seen on
tomographic images.

Results
Among 1010 patients, 58 (5.7%) met the strict criterion of
acute IMH. As shown in Table 1, patients with IMH tended
to be older than those with classic AD (P�0.001), and the
majority (60%) of IMHs were located in the descending aorta.
Abrupt onset of severe chest or back pain was the most
common presenting symptom for both IMH and AD (Table
2), and time from symptom onset to presentation was similar
for IMH and classic AD. However, establishing the diagnosis

of IMH required more time and a greater number of imaging
tests then did classic AD (Table 3). As expected, aortic
insufficiency was seen infrequently in IMH, and pulse defi-
cits (and associated ischemic pain) were less common than in
AD (Table 2).

Compared with patients with AD, patients with IMH
were more likely to have a normal ECG (45.6% versus
29.8%; P�0.012), and no patient with an acute IMH had
an acute myocardial infarction (Table 4). Patients with
acute IMH were likely to have a smaller aortic diameter

TABLE 1. Demographics, Location, and History of Patients
With AD and IMH*

Variable
Classic AD
(n�952)

IMH
(n�58) P

Type �0.001

A 616/952 (64.7) 23/58 (39.7)

B 336/952 (35.3) 35/58 (60.3)

Age, y (mean�SD) 61.7�14.3 68.7�10.4 �0.001

Sex 0.16

Female 294/952 (30.9) 23/58 (39.7)

Male 658/952 (69.1) 35/58 (60.3)

White 747/870 (85.9) 51/52 (98.1) 0.17

Hypertension 661/930 (71.1) 45/58 (77.6) 0.29

Marfan syndrome 50/927 (5.4) 0/58 (0.0) 0.11

Diabetes 42/916 (4.6) 3/56 (5.4) 0.74

Aortic valve disease 80/901 (8.9) 1/57 (1.8) 0.08

Bicuspid aortic valve (n�548) 16/521 (3.1) 1/27 (3.7) 0.58

Prior coronary artery bypass graft 51/895 (5.7) 3/56 (5.4) �0.99

Values are n/N (%) or mean�SD.
*Missing data were not defaulted to negative, and denominators reflect only

those cases reported.

TABLE 2. Presenting Symptoms and Signs of Patients With AD
and IMH*

Variable
Classic AD
(n�952)

IMH
(n�58) P

History

Chest pain 702/929 (75.6) 44/58 (75.9) 0.96

Back pain 494/911 (54.2) 37/58 (63.8) 0.16

Pain rated as worst ever 157/786 (20.0) 19/48 (39.6) 0.001

Abdominal pain 256/908 (28.2) 18/58 (31.0) 0.64

Pain migration 162/891 (18.2) 9/58 (15.5) 0.61

Leg pain 96/888 (10.8) 1/58 (1.7) 0.027

Abrupt onset 794/910 (87.3) 49/56 (87.5) 0.96

Physical exam

Hypertensive 415/911 (45.6) 31/58 (53.4) 0.24

Hypotensive 103/914 (11.3) 4/58 (6.9) 0.30

Murmur of aortic regurgitation 304/872 (34.9) 7/57 (12.3) �0.001

Pulse deficits 236/822 (28.7) 9/54 (16.7) 0.056

Ischemic lower extremity 80/900 (8.9) 2/56 (3.6) 0.22

Values are n/N (%).
*Missing data were not defaulted to negative, and denominators reflect only

those cases reported.
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than were patients with classic AD and demonstrated fewer
abnormalities on chest films (maximum average ascending
aortic width, 4.39�1.12 cm versus 4.89�1.36 cm; P�0.016;
Table 4).

Importantly, patients with IMH involving the ascending
aorta were less likely to receive surgery compared with
patients with AD (14 of 23 with IMH had surgery [60.9%]
versus 508 of 616 [82.5%] with AD; P�0.023). In general,
descending aortic IMH was managed without surgery in 31 of
35 (88.6%) cases (Table 5), including 2 patients who under-
went endovascular stent grafting.

The overall hospital mortality for IMH was similar to that
of classic AD (20.7% versus 23.9%; P�0.57; Table 6). In
particular, IMH of the ascending aorta carried an in-hospital
mortality of 39.1%, nonsignificantly higher than that of AD,
a condition more frequently treated surgically. Mortality for
IMH involving the ascending aorta was 42.9% with surgical
therapy and 33.3% with medical therapy, as opposed to a
mortality rate of 24.2% with surgical therapy in classic AD
involving the ascending aorta and 56.5% with medical
therapy alone. Figure 1 demonstrates an association between
increasing hospital mortality and the proximity of IMH to the
aortic valve, irrespective of medical or surgical treatment
(Table 7). Table 8 describes the cause of in-hospital death in
patients with IMH, and Table 9 compares the severity of
disease in IMH patients treated medically or with surgical
therapy. In the overall IMH cohort, the incidence of hypo-
tension, cardiac tamponade, ischemic spinal cord damage,
and pericardial effusion was higher in the surgical group. In
patients with type A IMH, only the incidence of pericardial
effusion was significantly higher in the surgical group. In

TABLE 3. Time Delays in Presentation and Diagnosis of
Patients With AD and IMH*

Classic AD
(n�952)

IMH
(n�58) P

Hours from symptom
onset to presentation

0.58*

�4 458/663 (67.9) 28/45 (62.2) 0.43

4–24 118/663 (17.8) 8/45 (17.8) �0.99

�24 95/663 (14.3) 9/45 (20) 0.30

Hours from symptom
onset to diagnosis

0.04†

�4 206/732 (28.1) 7/49 (14.3) 0.04

4–24 292/732 (39.9) 19/49 (38.8) 0.88

�24 234/732 (32.0) 23/49 (46.9) 0.03

Values are n/N (%).
*Missing data were not defaulted to negative, and denominators reflect only

those cases reported.
†Overall P value.

TABLE 4. Test Results of Patients With AD and IMH*

Variable
Classic AD
(n�952)

IMH
(n�58) P

ECG findings

Normal 271/908 (29.8) 26/57 (45.6) 0.012

Acute MI (new Q waves and/or
ST-segment elevation)

42/848 (5.0) 0/55 (0.0) 0.10

Chest x-ray findings

Normal 127/847 (15.0) 13/57 (22.8) 0.12

Widened mediastinum 523/846 (61.8) 28/55 (50.9) 0.11

Abnormal cardiac contour 197/824 (23.9) 8/55 (14.5) 0.11

Pleural effusion 148/820 (18.0) 8/56 (14.3) 0.48

Noninvasive imaging

No. of imaging tests/patient
(mean�SD)

1.84�0.75 2.05�0.71 0.032

Initial imaging

CT scan 584/927 (63.0) 41/57 (71.9) 0.16

TEE scan 302/927 (31.7) 16/57 (27.6) 0.51

Widest ascending aortic diameter,
cm (mean�SD)

4.89�1.36 4.39�1.12 0.016

Values are n/N (%) or mean�SD. ECG indicates electrocardiogram; MI,
myocardial infarction; CT, computed tomography; and TEE, transesophageal
echocardiography.

*Missing data were not defaulted to negative, and denominators reflect only
those cases reported.

TABLE 5. Treatment of Patients With AD and IMH*

Variable Classic AD IMH P

Overall n�952 n�58

Medical 342/952 (35.9) 38/58 (65.5) �0.001

Surgical 570/952 (59.9) 18/58 (31.0) �0.001

Percutaneous 40/952 (4.2) 2/58 (3.4) �0.99

Ascending aorta n�616 n�23

Medical 105/616 (17.0) 9/23 (39.1) 0.012

Surgical 508/616 (82.5) 14/23 (60.9) 0.023

Percutaneous 3/616 (0.5) 0/23 (0.0) �0.99

Descending aorta n�336 n�35

Medical 237/336 (70.5) 29/35 (82.9) 0.12

Surgical 62/336 (18.5) 4/35 (11.4) 0.30

Percutaneous 37/336 (11.0) 2/35 (5.7) 0.56

Values are n/N (%).
*Missing data were not defaulted to negative, and denominators reflect only

those cases reported.

TABLE 6. Hospital Outcomes of Patients With AD and IMH*

Variable
Classic AD
(n�952)

IMH
(n�58) P

Overall hospital mortality 228/952 (23.9) 12/58 (20.7) 0.57

Type A

Overall 184/616 (29.9) 9/23 (39.1) 0.34

Medical 61/108 (56.5) 3/9 (33.3) 0.30

Surgical 123/508 (24.2) 6/14 (42.9) 0.12

Type B

Overall 44/336 (13.1) 3/35 (8.3) 0.60

Medical 26/274 (9.5) 3/31 (9.7) �0.99

Surgical 18/62 (29.0) 0/4 (0.0) 0.57

Values are n/N (%).
*Missing data were not defaulted to negative, and denominators reflect only

those cases reported.
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type B IMH, the incidence of hypotension and ischemic
spinal cord damage was higher in the surgical group.

Figure 2 shows the progression of diagnosis in patients
with suspected IMH. A total of 58 patients eventually met the
criteria for diagnosis of IMH, and 8 of these subsequently
developed classic AD on serial imaging. If diagnosis was
based on initial imaging findings only, 7 of the 50 patients
would have been missed. Eventually, 8 patients with an
apparent IMH on initial imaging developed AD, and 7
patients with an uncertain diagnosis on initial imaging dem-
onstrated evidence of IMH on a second study. Long-term
follow-up at a mean duration of 1.6�1.2 years was available
for 27 of the 46 patients with IMH. Although not statistically
significant, patients with type A IMH had a trend toward
higher mortality compared with patients with classic AD.

Discussion
Both the prevalence and natural history of acute IMH of the
aorta remain difficult to determine.13–15 IRAD provides a
unique opportunity to examine IMH within the context of
acute aortic syndromes. The prevalence of IMH among
patients with nontraumatic acute aortic syndromes in IRAD is
�6%. This figure is generally lower than that reported in
other series (10% to 50%)5,14–18 and thus lower than previ-
ously thought.5,6,8,9 This may reflect the degree to which the
diagnosis was considered among patients with abnormal but
nondiagnostic initial imaging studies. Conversely, a low
prevalence of IMH in the IRAD registry may also be
explained by the fact that IRAD centers are tertiary referral
centers, and IMH either may have gone undiagnosed in
primary and secondary centers or was diagnosed but not
referred by these centers. With eventual transfer to a tertiary
IRAD center, once classic AD was diagnosed, it is possible
that a number of patients may have already progressed from
IMH to AD. These cases would not qualify in our report as
IMH but would rather be diagnosed as classic AD. Given the
dynamic evolution of IMH and the difficulty of early diag-
nosis, serial diagnostic imaging tests undoubtedly improve
diagnostic performance.

IMH affected the descending aorta in 60% of cases,
whereas classic AD affected the ascending aorta in nearly
65% of cases. Because IMH is generally a more localized

Figure 1. In-hospital mortality for IMH according to site of ori-
gin. IMH was defined after first imaging test failed to demon-
strate IMH or dissection but second test confirmed IMH or first
study showed IMH but no evidence of dissection. For 1 of the
58 patients described in text, presumed site of origin was not
identified by investigator.

TABLE 7. Mortality in True IMH by Location and Management

Management

Location of Hematoma Medical, n (%) Surgical, n (%)

Root 1/1 (100.0) 2/4 (50.0)

Sinotubular junction 0/0 (� � �) 1/2 (50.0)

Ascending 2/5 (40.0) 3/8 (37.5)

Arch* 0/6 (0.0) 0/1 (0.0)

Left subclavian† 1/14 (7.1) 0/1 (0.0)

Descending 2/13 (15.4) 0/2 (0.0)

Abdominal 0/1 (0.0) 0/0 (� � �)

Values are n/N (%).
*Of the 7 arch dissections, 2 were labeled type A and 5 were labeled type

B by the site investigator.
†One left subclavian dissection extended proximally and was coded as type A.

TABLE 8. Cause of Death in IMH Patients (n�12)

Management

Cause of Death Medical Surgical

Type A

Neurological 0 1

Visceral ischemia 0 1

Acute rupture 2 0

Type B

Nonspecified 1 4

Visceral ischemia 1 0

Acute rupture 2 0
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process, at least initially, it is less frequently associated with
aortic valve insufficiency, pulse deficits, acute myocardial
infarction, and aneurysmal dilation of the aorta. Nevertheless,
despite limited aortic involvement, the overall mortality

remained high (20.7%). Although we do not have supporting
data, it is possible that the high mortality may be related to
rupture in medically managed, proximal IMH.

As with classic AD, the mortality rate of IMH involving
the ascending aorta is a particular cause for concern, with 9 of
12 deaths seen in this cohort corroborating previous re-
ports.5,6 Previous observational reports favor surgery as the
treatment of choice for ascending IMH, at least in white
patients. However, the high mortality rate in both medically
and surgically treated patients may be explained by delayed
surgical management and may reflect a selection bias of the
sickest patients for surgery. The relatively low mortality rate
reported in Asian IMH patients may be due to a genetic factor
or the fact that more limited IMHs were diagnosed and
included in their series, because the percentage of IMH in
Asia in suspected AD is much higher than in our
study.8,13,15,18 Hypothetically, it is possible that those receiv-
ing surgery may represent patients in whom initial watchful
waiting was complicated by the development of classic AD
with complications, although we do not have data to support
this. Because the mortality of acute IMH involving the
ascending aorta remains high (Figure 1) and nearly 16% of
patients who had IMH on an initial imaging study had
developed frank AD by the second imaging test (Figure 2),
the IRAD data continue to favor consideration for timely
surgical approach to such patients. This approach is supported
by other reports that have suggested that IMH may progress
to classic AD in as many as 28% to 47% of patients and may
carry a risk of aortic rupture in 20% to 45% of cases.4

Regression may occur but is less common and is not
predictable in proximal IMH involving the ascending aorta.16

On the other hand, acute IMH involving the descending aorta
had an in-hospital mortality risk of �10%, similar to that seen
with descending or type B AD (Table 6). The initial medical
treatment for this condition appears justified.14

TABLE 9. Comparison of Age, Disease Severity, and
Comorbidities in IMH Patients Treated Surgically or Medically

Medical
(n�40)

Surgery
(n�18) P

All IMH patients

Age, y (mean�SD) 68.2�10.2 69.9�11.1 0.57

Myocardial ischemia 1/35 (2.9) 0/18 (0) 0.99

Mesenteric ischemia/infarction 1/35 (2.9) 1/18 (5.6) 0.99

Acute renal failure 2/35 (5.7) 0/18 (0) 0.54

Extension of dissection 2/35 (5.7) 1/18 (5.6) 0.99

Hypotension 3/35 (8.6) 7/18 (38.9) 0.02

Pericardial effusion 5/39 (12.8) 12/18 (66.7) �0.001

Cardiac tamponade 0/35 (0) 5/18 (27.8) 0.003

Ischemic peripheral neuropathy 0/38 (0) 1/17 (5.9) 0.31

Ischemic spinal cord damage 0/38 (0) 3/17 (17.6) 0.03

Ischemic lower extremity 1/39 (2.6) 1/17 (5.9) 0.52

Coma/altered consciousness 2/39 (5.1) 1/17 (5.9) 0.99

Heart failure 2/38 (5.3) 1/17 (5.9) 0.99

Type A IMH patients (n�23) n�9 n�14

Age, y (mean�SD) 68.0�8.3 69.0�12.0 0.83

Myocardial ischemia 0/8 (0) 0/14 (0) � � �

Mesenteric ischemia/infarction 1/8 (12.5) 0/14 (0) 0.36

Acute renal failure 0/8 (0) 0/14 (0) � � �

Extension of dissection 2/8 (25) 0/14 (0) 0.12

Hypotension 2/8 (25) 4/14 (28.6) 0.99

Pericardial effusion 3/9 (33.3) 12/14 (85.7) 0.02

Cardiac tamponade 0/8 (0) 5/14 (35.7) 0.12

Ischemic peripheral neuropathy 0/9 (0) 1/13 (7.7) 0.99

Ischemic spinal cord damage 0/9 (0) 1/13 (7.7) 0.99

Ischemic lower extremity 0/9 (0) 1/13 (7.7) 0.99

Coma/altered consciousness 0/9 (0) 1/13 (7.7) 0.99

Heart failure 1/9 (11.1) 1/13 (7.7) 0.99

Type B IMH patients (n�35) n�31 n�4

Age, y (mean�SD) 68.3�10.8 73.0�7.3 0.41

Myocardial ischemia 1/27 (3.7) 0/4 (0) 0.99

Mesenteric ischemia /infarction 0/27 (0) 1/4 (25) 0.12

Acute renal failure 2/27 (7.4) 0/4 (0) 0.99

Extension of dissection 0/27 (0) 1/4 (25) 0.13

Hypotension 1/27 (3.7) 3/4 (75) 0.003

Pericardial effusion 2/30 (6.7) 0 (0) 0.99

Cardiac tamponade 0/27 (0) 0/4 (0) � � �

Ischemic peripheral neuropathy 0/29 (0) 0/4 (0) � � �

Ischemic spinal cord damage 0/29 (0) 2/4 (50) 0.01

Ischemic lower extremity 1/30 (3.3) 0/4 (0) 0.99

Coma/altered consciousness 2/30 (6.7) 0/4 (0) 0.99

Heart failure 1/29 (3.4) 0/4 (0) 0.99

Values are n/N (%) or mean�SD.

Figure 2. Evolution in diagnosis of IMH in IRAD. This figure illus-
trates challenge of diagnosing acute IMH as patients progress
through multiple imaging tests. In IRAD, 51 patients had diagno-
sis of IMH without signs of classic AD after first imaging test
(left half of figure). Of these 51, 8 patients (or 16%) demon-
strated signs of classic AD on second testing, whereas 43
showed IMH only on second, and in some instances, on third or
even fourth imaging studies. Right half of figure identifies 7
patients for whom diagnosis of acute aortic syndrome was
strongly suspected, but initial imaging test showed neither clas-
sic AD nor findings of IMH and second testing revealed IMH.
Not shown are patients whose initial imaging was nondiagnos-
tic, but second imaging study showed classic AD.
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Acute IMH confined to the arch remains a controversial
subject. In our series there were 7 such patients, and we
observed no mortality in this small cohort, even though 6 of
the 7 were managed medically. Currently, aggressive medical
treatment alone, with a target heart rate �60 bpm and blood
pressure �120/80 mm Hg and at least 1 additional initial
imaging study followed by later serial imaging to exclude
frank AD or early aneurysmal expansion, appears to be a
reasonable strategy for management of such patients. Studies
of larger numbers of patients and/or clinical trials will be
needed to further delineate the optimal treatment and imaging
sequence for this group of patients, although the current
recommendations for medical therapy are supported by IRAD
results.

Several prior studies, most of them single center and with
small sample sizes, have evaluated the clinical features,
management, and outcomes of patients with IMH. Song et
al19 studied 24 patients with IMH and suggested that the
absence of continuous flow communication may explain a
more favorable clinical course of IMH than for AD and that
medical treatment with frequent imaging follow-up and timed
elective surgery in cases with complications may be a rational
option for patients with proximal IMH. In a larger series of
124 patients with IMH, Song et al18 demonstrated that
patients with aortic IMH had a high rate of resorption with
medical treatment regardless of the affected site. Tittle et al20

studied 19 patients with IMH and stated that because of the
high early rupture rate, the frequency of radiographic wors-
ening, and the documented occurrence of late rupture, surgi-
cal replacement of the aorta for these unstable vascular
lesions was indicated, so long as the patient’s comorbidities
did not preclude surgical intervention. Ganaha et al21 sug-
gested that IMH caused by a penetrating ulcer was signifi-
cantly associated with a progressive disease course, whereas

IMH without a penetrating ulcer typically had a stable course,
especially when limited to the descending thoracic aorta. von
Kodolitsch et al16 studied 66 patients with IMH and demon-
strated that regardless of aortic diameter, IMH of the ascend-
ing aorta (type A) is at high risk for early progression, and
thus, surgical repair should be performed without delay.
Moizumi et al22 studied 33 patients with type A IMH and
suggested that 70% of type A IMHs could be managed
expectantly and that �50% could be treated medically alone.
Evangelista et al23 monitored 50 patients with IMH clinically
and by imaging techniques at 3, 6, and 12 months and
annually thereafter and demonstrated that the most frequent
long-term evolution of IMH is aortic aneurysm or pseudoan-
eurysm. In their analysis of 68 patients with IMH, Evange-
lista et al17 demonstrated ascending aortic involvement as a
significant predictor of early mortality. Complete regression
without changes in aorta size is observed in one third of cases,
and progression to classic AD is less common. A normal
aortic diameter in the acute phase is the best predictor of
IMH regression without complications, and the absence of
echolucent areas and atherosclerotic, ulcerated plaque are
associated with evolution to aortic aneurysm.23 Motoyoshi
et al24 studied 36 patients with IMH and suggested that
urgent surgical repair was not necessary for all type A IMH
patients to achieve favorable surgical outcome with careful
imaging follow-up. Moizumi et al25 reported long-term
outcomes for 95 cases of type A and type B IMH, showed
that adverse events occur equally in both types of IMH of
the aorta, and recommended close follow-up for at least 5
years because most IMHs of aorta-related events occur
during this period.

Although these studies have helped elucidate the natural
history and management of patients with IMH, they have
been limited by the single-center nature of the analysis and
relatively small sample sizes. Novel features of our analysis
include the multicenter nature of the study, a strict imaging
definition of IMH, and the ability to compare clinical out-
comes with surgical and medical therapy across multiple
centers. We provide a closer approximation of the true
prevalence of IMH, an understanding of the relationship
between anatomic location of aortic involvement and clinical
outcome, and an estimation of the frequency and time course
of IMH progression to classic AD.

Limitations
Because most clinical information in IRAD was obtained
by chart review, the database is subject to referral and
ascertainment bias common to retrospective registry anal-
ysis. Imaging and ECG interpretations were reported at
each center, were considered diagnostic, and were not
analyzed by a separate core laboratory. Because IRAD
hospitals are tertiary referral centers, some IMHs may have
escaped diagnosis at primary evaluation, resulting in
transfer of only the more complicated cases of IMH or
after progression to classic AD. Furthermore, the delay in
IMH patients’ arrival at IRAD centers may imply evolu-
tion of some of these cases to classic AD.

Although there is potential for some overlap in one or more
of the articles from the individual registry centers, the

TABLE 10. Long-Term Follow-Up of IMH Patients Compared
With Patients With Classic AD

IMH
(n�27)*

Classic AD
(n�418) P

All IMH patients

Death 7 (25.9) 66 (15.8) 0.18

New aneurysm or dissection 2 (7.4) 36 (8.6) �0.99

New aortic insufficiency 0 (0.0) 13 (3.1) �0.99

Acute hospitalization 2 (7.4) 44 (10.5) �0.99

Type A only n�8 n�256

Death 3 (37.5) 33 (12.9) 0.08

New aneurysm or dissection 2 (25.0) 19 (7.4) 0.13

New aortic insufficiency 0 (0.0) 9 (3.5) �0.99

Acute hospitalization 1 (12.5) 26 (10.2) 0.58

Type B only n�19 n�162

Death 4 (21.1) 33 (20.4) �0.99

New aneurysm or dissection 0 (0.0) 17 (10.5) 0.22

New aortic insufficiency 0 (0.0) 4 (2.5) �0.99

Acute hospitalization 1 (5.3) 18 (11.1) 0.70

Values are n (%).
*Of the 58 patients with IMH, 12 died in the hospital. Of the remaining 46

patients, long-term follow-up (1.6�1.2 years) was available in 27 patients.
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strength of this report lies in the cases obtained from 18
different centers that used a strict definition of IMH, wherein
IMH was considered “true” when it was reported on the first
or second image and there was no evidence of dissection,
double lumen, and intimal flap. The single-center series by
Evangelista et al17 included a 10-year time period from
January 1990 to December 2000 and thus, covered a different
time frame from that of IRAD (January 1996 to November
2001). The Nienaber series5 included 5 centers in Germany
and Italy, only 2 of which provide data to IRAD. Therefore,
although there is potential for minimal overlap, the cohort
studied in this analysis is quite different from that of any
previously published studies. Finally, conclusions drawn
from the follow-up data must be made with great caution,
because it is conceivable that many of the 40% of patients lost
to follow-up may have died.

Conclusions
Acute IMH accounts for at least 6% of nontraumatic acute
aortic syndromes. Involvement of the ascending aorta carries
substantial mortality, and urgent or emergent operative inter-
vention may be appropriate, whereas arch and descending
IMH are less likely to be associated with an adverse outcome
and a nonsurgical approach may be appropriate. However, it
must be noted that mortality was high with both medical and
surgical therapy in type A IMH in this series. Nearly 16% of
patients who appear to have IMH on initial imaging show
signs of progression to classic AD on a subsequent imaging
study. We believe that a nonsurgical approach for patients
with no complications and IMH limited to the arch or
descending aorta is justified, especially when one or two
diagnostic imaging studies have excluded involvement of the
ascending aorta. The 26% mortality rate of patients with IMH
surviving hospitalization at 1 year is a cause for concern and
underscores the importance of appropriate longitudinal
follow-up of these high-risk patients. We recommend
follow-up imaging and examination at 1, 3, 6, 9, and 12
months after discharge and annually thereafter, similar to that
for patients with classic AD.

Appendix

The IRAD Investigators

Co–Principal Investigators
Kim A. Eagle, MD, University of Michigan, Ann Arbor; Eric M.
Isselbacher, MD, Massachusetts General Hospital, Boston, Mass;
Christoph A. Nienaber, MD, University of Rostock, Rostock,
Germany.

Coinvestigators
Eduardo Bossone, MD, National Research Council, Lecce, Italy;
Arturo Evangelista, MD, Hospital General Universitari Vall
d’Hebron, Barcelona, Spain; Rossella Fattori, MD, University Hos-
pital S Orsola, Bologna, Italy; Dan Gilon, MD, Hadassah University
Hospital, Jerusalem, Israel; Stuart Hutchison, MD, St Michael’s
Hospital, Toronto, Ontario, Canada; James L. Januzzi, MD, Massa-
chusetts General Hospital, Boston, Mass; Alfredo Llovet, MD,
Hospital Universitario 12 de Octubre, Madrid, Spain; Debabrata
Mukherjee, MD, MS, University of Michigan, Ann Arbor, and Gill
Heart Institute, University of Kentucky, Lexington; Truls Myrmel,
MD, Tromsø University Hospital, Tromsø, Norway; Patrick O’Gara,
MD, and Joshua Beckman, MD, Brigham and Women’s Hospital,

Boston, Mass; Jae K. Oh, MD, Mayo Clinic, Rochester, Minn; Linda
A. Pape, MD, University of Massachusetts Hospital, Worcester,
Mass; Udo Sechtem, MD, Robert-Bosch Krankenhaus, Stuttgart,
Germany; Toru Suzuki, MD, University of Tokyo, Tokyo, Japan;
Santi Trimarchi, MD, Istituto Policlinico San Donato, San Donato,
Italy.

Data Management and Biostatistical Support
Jeanna V. Cooper, MS, Jianming Fang, MD, and Dean E. Smith,
PhD, University of Michigan Ann Arbor.

Acknowledgments
IRAD is supported by grants from the University of Michigan Health
System and the Varbedian Fund for Aortic Research.

References
1. DeSanctis R, Doroghazi W, Austen RM, Buckley MJ. Aortic dissection.

N Engl J Med. 1987;317:1060–1067.
2. Hagan PG, Nienaber CA, Isselbacher EM, Bruckman D, Karavite DJ,

Russman PL, Evangelista A, Fattori R, Suzuki T, Oh JK, Moore AG,
Malouf JF, Pape LA, Gaca C, Sechtem U, Lenferink S, Deutsch HJ,
Diedrichs H, Marcos y Robles J, Llovet A, Gilon D, Das SK, Armstrong
WF, Deeb GM, Eagle KA. The international registry of acute aortic
dissection (IRAD): new insights into an old disease. JAMA. 2000;283:
897–903.

3. Nienaber CA, von Kodolitsch Y, Nicolas V, Siglow V, Piepho A,
Brockhoff C, Koschyk DH, Spielmann RP. The diagnosis of thoracic
aortic dissection by noninvasive imaging procedures. N Engl J Med.
1993;328:1–8.

4. Nienaber CA, Eagle KA. Aortic dissection: new frontiers in diagnosis and
management, part I: from etiology to diagnostic strategies. Circulation.
2003;108:628–635.

5. Nienaber CA, von Kodolitsch Y, Petersen B, Loose R, Helmchen U,
Haverich A, Spielmann RP. Intramural hemorrhage of the thoracic aorta:
diagnostic and therapeutic implications. Circulation. 1995;92:
1465–1472.

6. Ide K, Uchida H, Otsuji H, Nishimine K, Tsushima J, Ohishi H, Kitamura
S. Acute aortic dissection with intramural hematoma: possibility of tran-
sition to classic dissection or aneurysm. J Thorac Imaging. 1996;11:
46–52.

7. Nienaber CA, Sievers HH. Intramural hematoma in acute aortic syn-
drome: more than 1 variant of dissection? Circulation. 2002;106:
284–285.

8. Kaji S, Akasaka T, Horibata Y, Nishigami K, Shono H, Katayama M,
Yamamuro A, Morioka S, Morita I, Tanemoto K, Honda T, Yoshida K.
Long-term prognosis of patients with type A aortic intramural hematoma.
Circulation 2002;106(suppl I):I-248–I-252.

9. Neri E, Capannini G, Carone E, Diciolla F, Sassi C. Evolution toward
dissection of an intramural hematoma of the ascending aorta. Ann Thorac
Surg. 1999;68:1855–1866.

10. Mehta RH, O’Gara PT, Bossone E, Nienaber CA, Myrmel T, Cooper JV,
Smith DE, Armstrong WF, Isselbacher EM, Pape LA, Eagle KA, Gilon
D. Acute type A aortic dissection in the elderly: clinical characteristics,
management, and outcomes in the current era. J Am Coll Cardiol. 2002;
40:685–692.

11. Januzzi JL, Isselbacher EM, Fattori R, Cooper JV, Smith DE, Fang J,
Eagle KA, Mehta RH, Nienaber CA, Pape LA. Characterizing the young
patient with aortic dissection: results from the International Registry of
Aortic Dissection (IRAD). J Am Coll Cardiol. 2004;43:665–669.

12. Pretre R, von Segesser LK. Aortic dissection. Lancet. 1997;349:
1461–1464.

13. Kaji S, Nishigami K, Akasaka T, Hozumi T, Takagi T, Kawamoto T,
Okura H, Shono H, Horibata Y, Honda T, Yoshida K. Prediction of
progression or regression of type A aortic intramural haematoma by
computed tomography. Circulation 1999;100(suppl II):II-281–II-286.

14. O’Gara PT, De Sanctis RW. Acute aortic dissection and its variants.
Circulation. 1995;92:1376–1378.

15. Shimizu H, Yoshino H, Udagawa H, Watanuki A, Yano K, Ide H, Sudo
K, Ishikawa K. Prognosis of intramural hemorrhage compared with
classic aortic dissection. Am J Cardiol. 2000;85:792–795.

16. von Kodolitsch Y, Csosz SK, Koschyk DH, Schalwat I, Loose R, Karck
M, Dieckmann C, Fattori R, Haverich A, Berger J, Meinertz T, Nienaber

Evangelista et al Acute Intramural Hematoma of Aorta 1069



CA. Intramural hematoma of the aorta: predictors of progression to
dissection and rupture. Circulation. 2003;107:1158–1163.

17. Evangelista A, Dominguez R, Sebastia C, Salas A, Permanyer-Miralda G,
Avegliano G, Gomez-Bosh Z, Gonzalez-Alujas T, Garcia del Castillo H,
Soler-Soler J. Prognostic value of clinical and morphologic findings in
short-term evolution of aortic intramural haematoma: therapeutic impli-
cations. Eur Heart J. 2004;25:81–87.

18. Song JK, Kim HS, Song JM, Kang DH, Ha JW, Rim SJ, Chung N, Kim
KS, Park SW, Kim YJ, Sohn DW. Outcomes of medically treated patients
with aortic intramural hematoma. Am J Med. 2002;113:181–187.

19. Song JK, Kim HS, Kang DH, Lim TH, Song MG, Park SW, Park SJ.
Different clinical features of aortic intramural hematoma versus dis-
section involving the ascending aorta. J Am Coll Cardiol. 2001;37:
1604–1610.

20. Tittle SL, Lynch RJ, Cole PE, Singh HS, Rizzo JA, Kopf GS, Elefteriades
JA. Midterm follow-up of penetrating ulcer and intramural hematoma of
the aorta. J Thorac Cardiovasc Surg. 2002;123:1051–1059.

21. Ganaha F, Miller DC, Sugimoto K, Do YS, Minamiguchi H, Saito H,
Mitchell RS, Dake MD. Prognosis of aortic intramural hematoma with
and without penetrating atherosclerotic ulcer: a clinical and radiological
analysis. Circulation. 2002;106:342–348.

22. Moizumi Y, Komatsu T, Motoyoshi N, Tabayashi K. Management of
patients with intramural hematoma involving the ascending aorta.
J Thorac Cardiovasc Surg. 2002;124:918–924.

23. Evangelista A, Dominguez R, Sebastia C, Salas A, Permanyer-Miralda G,
Avegliano G, Elorz C, Gonzalez-Alujas T, Garcia Del Castillo H,
Soler-Soler J. Long-term follow-up of aortic intramural hematoma: pre-
dictors of outcome. Circulation. 2003;108:583–589.

24. Motoyoshi N, Moizumi Y, Komatsu T, Tabayashi K. Intramural
hematoma and dissection involving ascending aorta: the clinical features
and prognosis. Eur J Cardiothorac Surg. 2003;24:237–242.

25. Moizumi Y, Komatsu T, Motoyoshi N, Tabayashi K. Clinical features
and long-term outcome of type A and type B intramural hematoma of the
aorta. J Thorac Cardiovasc Surg. 2004;127:421–427.

1070 Circulation March 1, 2005


