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ABSTRACT
Objective: We aimed to evaluate the preoperative characteristics and surgical
outcomes of acute type A intramural hematoma.
Methods: Between January 2000 and June 2011, 460 consecutive patients
underwent emergency open surgery for type A acute aortic syndrome at
Sakakibara Heart Institute. Among these patients, 121 had intramural hematoma
and 339 had typical aortic dissection. We compared the clinical characteristics
and surgical outcomes using propensity score matching.
Results: In all patients, the intramural hematoma group had an older age
(69.2  10.4 years vs 63.4  13.5 years; P <.001), included a higher ratio of
female patients (56.2% vs 44.0%, P ¼ .020), and more frequently had
hypertension (94.2% vs 83.5%, P ¼ .005), hyperlipidemia (25.6% vs 12.7%,
P < .001), and cardiac tamponade (33.1% vs 18.3%, P < .001) than patients
with aortic dissection. Cerebral malperfusion (0.8% vs 5.3%, P ¼ .033),
myocardial malperfusion (0.8% vs 8.2%, P ¼ .002), lower limb malperfusion
(1.7% vs 7.9%, P ¼ .015), Marfan syndrome (0% vs 3.5%, P ¼ .042), and aortic
valve insufficiency (2.5% vs 15.0%, P <.001) were less frequently observed in
the intramural hematoma group than in the aortic dissection group. After
propensity score matching, 116 matched pairs were created. In the matched
analysis, operative mortality was 0.9% in the intramural hematoma group
(1/116) and 3.4% in the aortic dissection group (4/116, P ¼ .179). The intramural
hematoma group demonstrated higher actuarial 1- and 5-year survivals than the
aortic dissection group (99.1 % vs 93.6% and 97.3% vs 85.9%, respectively,
P ¼ .006). In the multivariate analysis, intramural hematoma was shown to be
associated with lower midterm mortality (hazard ratio, 0.316; 95% confidence
interval, 0.102-0.974; P ¼ .045).
Conclusions: Patients with intramural hematoma have different preoperative
clinical characteristics compared with patients with aortic dissection. Emergency
open surgery for type A intramural hematoma demonstrated low operative
mortality and excellent 5-year survival. (J Thorac Cardiovasc Surg
2016;151:351-8)
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Kaplan–Meier survival analysis for all causes of death
with 95% confidence limits in matched patients.
Central Message
Clinical characteristics of IMH were different
from those of AD. Emergency surgery for
IMH showed excellent results.
Perspective
The optimal initial treatment strategy for IMH
remains controversial. Emergency open surgery for acute type A IMH can be performed
using the same operative strategy and procedure as those for patients with AD. Some
patients require late reoperations for the aorta
related to IMH. Patients with IMH should
be followed up carefully, similar to patients
with AD.

See Editorial Commentary page 359.
See Editorial page 294.

Acute intramural hematoma (IMH) is a life-threatening
disease requiring emergency treatment. This emergency is
similar to, but pathologically different from, acute aortic
dissection (AD). Two different pathophysiologic processes
have been suggested to lead to the occurrence of IMH. One
cause is spontaneous rupture of the aortic vasa vasorum,
leading to a hematoma in the media of the aortic wall
without intimal disruption.1 The other process is an
atherosclerotic ulcer, which penetrates into the internal media of the aortic wall.2 Uchida and colleagues3 analyzed the
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Abbreviations and Acronyms
AD ¼ aortic dissection
CI ¼ confidence interval
CT ¼ computed tomography
HR ¼ hazard ratio
IMH ¼ intramural hematoma
TAR ¼ total arch replacement
clinical, surgical, and histopathologic characteristics of
IMH and concluded that patients with IMH have a high
risk of adventitial rupture. Although the optimal initial
treatment strategy for IMH remains controversial, early
surgery for all patients with type A IMH has been
recommended because of their poor prognosis with medical
treatment.3,4
Several investigators have analyzed the surgical
outcomes in patients with type A IMH and concluded that
patients with IMH have more favorable results compared
with those with AD.5,6 However, there are few reports
regarding late operative outcomes in patients with IMH.7,8
We aimed to compare preoperative characteristics and
short-term and midterm outcomes after emergency surgery
between patients with IMH and patients with AD.
PATIENTS AND METHODS
Patient Population
This study was approved by the institutional review board, and a waiver
of informed consent was obtained. Between January 2000 and June 2011,
121 patients with IMH and 339 patients with AD underwent emergency
open surgery at Sakakibara Heart Institute. All of these patients had
emergency surgery within 24 hours after admission to our hospital. The
median follow-up was 51 months, ranging from 1 to 114 months.
The most common initial symptoms were chest, abdominal, or back
pain, and there were some patients with a loss of consciousness in the
both groups. The diagnosis was made with contrast computed tomography
(CT) in all patients. IMH was defined as a thickened aortic wall caused by
intramural hemorrhage, with a crescent or circular high attenuation area
along the aortic wall without enhancement on contrast-enhanced CT,
indicating noncommunication with the aortic lumen. IMH has been defined
by the absence of an intimal tear.5 In this study, however, we included AD
with a totally thrombosed false lumen in the IMH group because it is
difficult to confirm the absence of intimal tears in the entire aorta without
complete aortography or autopsy.6,8,9 Our indication of surgery for IMH
included cardiac tamponade, an ascending aorta 45 mm or greater, and
thickness of a hematoma in the false lumen greater than 7 mm.

Data Collection and Definitions
Perioperative data were collected from patients’ medical records.
Cardiac tamponade was defined as a cardiogenic shock with a systolic
blood pressure of 90 mm Hg or less, associated with pericardial effusion,
which was confirmed by CT or echocardiography. Cerebral malperfusion
was defined as newly developed neurologic deficits and the presence of
false lumen in any cerebral branch arteries on the CT images. Myocardial
malperfusion was defined as electrocardiogram change indicating
myocardial ischemia and elevated myocardial enzymes. Lower limb
malperfusion was defined as newly developed lower limb pain, coldness,
paralysis/parenthesis, or loss of pulses. Mesenteric malperfusion was
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diagnosed by CT showing impaired flow in the mesenteric artery or celiac
artery and abdominal findings, such as distension, pain, and tenderness.
Stroke was defined as a central neurologic deficit persisting for more
than 72 hours after surgery. All strokes were confirmed by CT or magnetic
resonance imaging. Respiratory failure was defined as a requirement for
mechanical ventilation for more than 48 hours postoperatively. Operative
mortality was defined as any death within 30 days after surgery or before
discharge. IMH- or AD-related events were defined as follows: new IMH
or dissection, need for further surgical treatment, aortic rupture, and sudden
unexplained death. IMH- or AD-related deaths were defined as follows:
death from aortic rupture, sudden unexplained death, and death after
further surgical treatment. Our indications of reoperation for the aorta
related to IMH or AD were as follows: rupture or impending rupture of
the aorta, dilatation of the aorta 55 mm or greater, rapid dilatation of the
aorta (>10 mm/y), graft infection, and severe aortic valve insufficiency.

Operative Strategy and Procedure
All of the operations were performed through a median sternotomy. The
initial arterial cannula was mostly placed in the femoral artery. The left
ventricular apex or axillary artery was cannulated if the femoral artery was
unavailable. Femoral arterial cannulation was avoided when distal aortic
aneurysm, iliofemoral disease, femoral artery dissection, or limb ischemia
was present. Our strategy of selection of the cannulation site has been
described.10 In all patients, a combination of antegrade and retrograde cardioplegia was used. The patient was cooled down to 25 C for circulatory arrest.
A single-branched prosthesis was used in ascending aortic or hemiarch
replacement, and a 4-branched prosthesis was used in total arch replacement
(TAR). Our indication of TAR was aortic arch dilatation (45 mm), a
penetrating atherosclerotic ulcer in the aortic arch, and an intimal tear located
in the distal aortic arch or the greater curvature of the aortic arch.
The proximal side of the aorta was repaired with gelatin resorcinol
formaldehyde glue and double strips (a vascular graft strip or Teflon felt
strip inside and a Teflon felt strip outside) at the level of the sinotubular
junction. The distal side of the aorta was repaired with double Teflon felt
strips in ascending aortic or hemiarch replacement. A folded elephant trunk
graft was inserted into the distal aorta, reinforced with an outer Teflon felt
strip, and anastomosed to the aorta with a running suture in the TAR.
In ascending aortic or hemiarch replacement, distal anastomosis was
performed under hypothermic circulatory arrest with retrograde cerebral
perfusion from the superior vena cava. After distal anastomosis, whole
body circulation was resumed through the branch of the prosthesis and
the patient was fully rewarmed up to 35 C. Proximal anastomosis was
performed during rewarming.
In TAR, we used the arch-first technique with retrograde cerebral
perfusion between January 2000 and August 2006. Subsequently, we
introduced antegrade selective cerebral perfusion and separate lower-body
perfusion in 2006.11 Since 2006, distal anastomosis has been performed
using the elephant trunk technique under hypothermic circulatory arrest.
We used selective antegrade cerebral perfusion and inserted balloon catheters
into 3 cerebral branches. After distal anastomosis, lower body circulation
was resumed through a cannula that was placed in the common femoral
artery with balloon occlusion of the elephant trunk, and the patient was
rewarmed up to 30 C. Cerebral branches were separately anastomosed to
the branches of the prosthesis. After reconstructing cerebral branches, whole
body circulation was resumed through the fourth branch of the prosthesis and
the patient was rewarmed up to 35 C. Proximal anastomosis was performed
during rewarming. TAR using the stepwise distal anastomosis technique,
selective antegrade cerebral perfusion, and separate lower body perfusion
has been reported in detail by Matsuyama and colleagues.11

Statistical Analysis
Summary statistics were performed using frequencies and proportions
for categoric data, and mean  standard deviation or median if appropriate
for continuous variables. Univariate analyses were carried out using the
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TABLE 1. Preoperative characteristics of the patients
All patients
Variables
Age (y; mean  SD)
Female
Hypertension
Hyperlipidemia
Diabetes mellitus
Hemodialysis
Cardiac tamponade
Preoperative intubation
Preoperative neurologic deficit
Cerebral malperfusion
Myocardial malperfusion
Mesenteric malperfusion
Lower limb malperfusion
Aortic valve insufficiency
Previous cardiac surgery
Marfan syndrome
Initial symptom
Body pain
Limb pain
Loss of consciousness
Paralysis

Propensity-matched pairs

IMH group
(n ¼ 121)

AD group
(n ¼ 339)

Standardized
difference

P
value

IMH group
(n ¼ 116)

AD group
(n ¼ 116)

Standardized
difference

P
value

69.2  10.4
68 (56.2%)
114 (94.2%)
31 (25.6%)
6 (5.0%)
0 (0%)
40 (33.1%)
9 (7.4%)
11 (9.1%)
1 (0.8%)
1 (0.8%)
2 (1.7%)
2 (1.7%)
3 (2.5%)
3 (2.5%)
0 (0%)

63.4  13.5
149 (44.0%)
283 (83.5%)
43 (12.7%)
16 (4.7%)
2 (0.6%)
62 (18.3%)
28 (8.3%)
34 (10.0%)
18 (5.3%)
28 (8.2%)
9 (2.7%)
27 (7.9%)
51 (15.0%)
12 (3.5%)
12 (3.5%)

0.48
0.25
0.34
0.33
0.01
0.11
0.34
0.03
0.03
0.26
0.36
0.07
0.29
0.45
0.06
0.27

<.001
.020
.005
<.001
.887
1.000
<.001
.927
.765
.033
.002
.736
.015
<.001
.769
.042

68.8  10.4
64 (55.2%)
109 (94.0%)
26 (22.4%)
6 (5.2%)
0 (0%)
35 (30.2%)
9 (7.8%)
10 (8.6%)
1 (0.9%)
1 (0.9%)
2 (1.7%)
2 (1.7%)
3 (2.6%)
3 (2.6%)
0 (0%)

67.7  11.6
64 (55.2%)
111 (95.7%)
24 (20.7%)
7 (6.0%)
0 (0%)
33 (28.4%)
7 (6.0%)
13 (11.2%)
1 (0.9%)
1 (0.9%)
2 (1.7%)
1 (0.9%)
3 (2.6%)
2 (1.7%)
0 (0%)

0.13
0.0
0.08
0.04
0.03
0.0
0.04
0.07
0.09
0.0
0.0
0.0
0.07
0.0
0.06
0.0

.242
1.000
.317
.564
.706
NA
.564
.527
.257
NA
NA
1.000
.317
NA
.564
NA

115 (95.0%)
2 (1.7%)
12 (9.9%)
3 (2.5%)

315 (92.9%)
19 (5.6%)
37 (10.9%)
15 (4.4%)

0.09
0.21
0.03
0.10

.551
.081
.760
.425

110 (94.8%)
0 (0%)
11 (9.5%)
3 (2.6%)

108 (93.1%)
0 (0%)
16 (13.8%)
2 (1.7%)

0.07
0.0
0.13
0.06

.783
NA
.306
.564

Standardized difference: difference in means or proportions divided by standard error. IMH, Intramural hematoma; AD, aortic dissection; SD, standard deviation; NA, not
applicable.

t test or Mann–Whitney U test for continuous variables and Fisher exact test
for categoric variables.
Propensity scores were calculated involving the following preoperative
variables: age, sex, hypertension, hyperlipidemia, diabetes mellitus,
hemodialysis, cardiac tamponade, preoperative intubation, preoperative
neurologic deficit, cerebral malperfusion, myocardial malperfusion,
mesenteric malperfusion, lower limb malperfusion, aortic valve insufficiency, previous cardiac surgery, and Marfan syndrome. Matching was
performed by using a Greedy 5-to-1 Digit-Matching algorithm. After
propensity score matching, 116 matched pairs were created (Table 1). In
propensity-matched patients, univariate analyses were carried out using
the paired t test or Wilcoxon signed-rank test for continuous variables
and McNemar’s test for categoric variables. Previous reports suggested
standard criteria for using the propensity score–matching method,12,13
and we followed them in this analysis.
For time-to-event outcomes, the times that elapsed until a first event
were compared using the log-rank test or stratified log-rank test, whereas
the Kaplan–Meier method was used to estimate the absolute risk of each
event for each group. We examined a difference in midterm mortality

between IMH and AD in all patients and propensity matched patients using
a Cox proportional hazards model. There were 34 patients with midterm
mortality in all patients and 18 patients with midterm mortality in
propensity-matched patients. We decided to force in the Cox hazards model
analysis only 3 variables for all patients and 2 variables for propensitymatched patients because of the low numbers of events. Independent
factors in the model for all patients included IMH, propensity score, and
additional concomitant procedures that mean any other procedure than
ascending aorta or hemiarch replacement, that is, TAR, aortic root repair
or replacement, aortic valve repair or replacement, and coronary artery
bypass grafting. Independent factors in the model for propensitymatched patients included IMH and additional concomitant procedures
(Table 2).
Results are expressed as hazard ratios (HRs) with 95% confidence
intervals (CIs). All of the data were analyzed according to the intentionto-treat principle, all of the comparisons were planned, and the tests
were 2-sided. Statistical analyses were performed by using SPSS version
22.0 (IBM Corp, Armonk, NY), SAS software version 9.3 (SAS Institute,
Inc, Cary, NC), and the R statistical program, version 3.00.

TABLE 2. Univariate and multivariate analyses for predictors of midterm mortality
Multivariate
Subject of analysis
All patients

Matched patients

Predictors

Univariate

Hazard ratio (95% CI)

P value

IMH
Propensity score
Additional concomitant procedures
IMH
Additional concomitant procedures

0.043
0.159
0.322
0.023
0.096

0.341 (0.113-1.026)
1.250 (0.115-13.597)
1.211 (0.584-2.512)
0.316 (0.102-0.974)
2.189 (0.856-5.597)

.056
.854
.607
.045
.102

Additional concomitant procedures: TAR, aortic root repair or replacement, aortic valve repair or replacement, coronary artery bypass grafting. CI, Confidence interval;
IMH, intramural hematoma.
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TABLE 3. Operative data
All patients

Propensity-matched pairs

Variables

IMH group
(n ¼ 121)

AD group
(n ¼ 339)

P
value

IMH group
(n ¼ 116)

AD group
(n ¼ 116)

P
value

Ascending aortic/hemiarch replacement
TAR
Concomitant procedures
Aortic root repair or replacement
Aortic valve repair or replacement
Coronary artery bypass grafting
Mean (SD) operation time (min)
Mean (SD) cardiopulmonary bypass time (min)
Mean (SD) aortic crossclamping times (min)

100 (82.6%)
21 (17.4%)
14 (11.6%)
1 (0.8%)
6 (5.0%)
5 (4.1%)
235.5  67.3
124.1  35.1
86.5  27.5

238 (70.2%)
101 (29.8%)
113 (33.3%)
52 (15.3%)
10 (2.9%)
33 (9.7%)
271.7  87.0
155.3  58.2
110.4  47.6

.007
.007
<.001
<.001
.455
.085
<.001
<.001
<.001

95 (81.9%)
21 (18.1%)
14 (12.1%)
1 (0.9%)
6 (5.2%)
5 (4.3%)
237.3  68.2
124.6  35.7
87.0  28.0

82 (70.7%)
34 (29.3%)
11 (9.5%)
3 (2.6%)
1 (0.9%)
3 (2.6%)
270.4  94.1
153.2  61.4
102.0  40.5

.028
.028
.414
.317
.025
.317
.004
<.001
<.001

IMH, Intramural hematoma; AD, aortic dissection; TAR, total arch replacement; SD, standard deviation.

RESULTS
Preoperative Characteristics of All Patients
The patients’ characteristics in both groups are shown in
Table 1. The IMH group had a significantly older age and
higher ratio of female patients than the AD group.
Hypertension, hyperlipidemia, and cardiac tamponade
were more frequently observed in the IMH group than in
the AD group. Malperfusion (cerebral, myocardial, lower
limb), Marfan syndrome, and aortic valve insufficiency
were less frequently observed in the IMH group than in
the AD group.
Operative Outcomes of All Patients
Operative data are shown in Table 3. TAR (17.4% vs
29.8%, P ¼ .007) and concomitant procedures (11.6% vs
33.3%, P < .001) were less frequently performed in the
IMH group than in the AD group.
Operative outcomes are shown in Table 4. The operative
mortality was lower in the IMH group (0.8%, 1/121) than
in the AD group (5.3%, 18/339, P ¼ .033). In the
IMH group, the cause of operative death was stroke.
In the AD group, causes of operative death were stroke in
8 patients, multiple organ failure in 4 patients, acute
myocardial infarction in 3 patients, and mediastinitis in 3
patients.

Midterm Outcomes of All Patients
During the follow-up period, 4 patients in the IMH group
died. The cause of death was not related to IMH (pneumonia
in 2 patients and heart failure in 2 patients). Thirty patients
died in the AD group. Of these, AD-related death occurred
in 11 patients (sudden unexplained death in 6, rupture of
dissected aorta in 1, pneumonia after reoperation in 2, and
stroke after reoperation in 2 patients), and death in the other
19 patients was not related to AD (stroke unrelated to
surgery or dissection in 5, gastrointestinal disease in 4,
cancer in 3, renal failure in 3, heart failure in 1, pneumonia
in 1, sepsis in 1, and arrhythmia in 1 patient). Kaplan–Meier
analysis estimated that actuarial 1-, 3-, and 5-year survivals
were 99.2%, 97.3%, and 97.3%, respectively, in the IMH
group, and these were significantly higher than those in the
AD group (91.6%, 87.2%, and 85.2%, respectively,
P ¼ .002) (Figure 1, A). As a result of multivariate analysis,
IMH was not shown to be associated with lower midterm
mortality after adjustment of propensity score and additional
concomitant procedures (HR, 0.341; 95% CI, 0.113-1.026;
P ¼ .056) (Table 2).
A total of 47 patients required reoperation for the aorta
related to IMH or AD. Of these, 13 patients were in the
IMH group and 34 patients were in the AD group.
Kaplan–Meier analysis estimated that actuarial 1-, 3-, and

TABLE 4. Operative outcomes
All patients

Propensity-matched pairs

Variables

IMH group
(n ¼ 121)

AD group
(n ¼ 339)

P
value

IMH group
(n ¼ 116)

AD group
(n ¼ 116)

P
value

Operative death
Stroke
Respiratory failure
Reexploration for bleeding
Deep sternal infection
Median days of intensive care unit stay (range)
Median days of hospital stay (range)
Prolonged hospitalization (>30 d)

1 (0.8%)
6 (5.0%)
16 (13.2%)
5 (4.1%)
4 (3.3%)
3 (1-28)
18 (5-142)
13 (10.7%)

18 (5.3%)
25 (7.4%)
57 (16.8%)
14 (4.1%)
13 (3.8%)
2 (1-46)
21 (1-125)
47 (13.8%)

.033
.489
.359
.795
.982
.904
.029
.387

1 (0.9%)
6 (5.2%)
16 (13.8%)
5 (4.3%)
4 (3.4%)
3 (1-28)
18 (5-142)
13 (11.2%)

4 (3.4%)
10 (8.6%)
27 (23.3%)
4 (3.4%)
2 (1.7%)
3 (1-46)
23 (4-125)
22 (19.0%)

.179
.285
.056
.706
.414
.046
.502
.103

IMH, Intramural hematoma; AD, aortic dissection.
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FIGURE 1. A, Kaplan–Meier analysis for freedom from any cause of death with 95% confidence limits in all patients. B, Kaplan–Meier analysis for
freedom from IMH- or AD-related events with 95% confidence limits in all patients. AD, Aortic dissection; IMH, intramural hematoma.

5-year IMH or AD-related event-free rates were 98.2%,
93.8%, and 89.1% in the IMH group, respectively, and
93.7%, 88.7%, and 85.1% in the AD group, respectively
(P ¼ .358) (Figure 1, B). The causes of reoperation and
site of operation are shown in Figure 2. The reoperative
mortality rate was 0% in the IMH group (0/13) and 5.9%
in the AD group (2/34). The cause of 2 reoperative deaths
was stroke.
Operative Outcomes of Propensity Score–Matched
Patients
Preoperative and perioperative data of the propensitymatched patients are listed in Tables 1 and 3. These matched
pairs were well balanced for all known covariates (Table 1).
The operative mortality was similar between patients in the
IMH group (0.9%, 1/116) and patients in the AD group
(3.4%, 4/116, P ¼ .370) (Table 4).
Midterm Outcomes of Propensity Score–Matched
Patients
Kaplan–Meier analysis estimated that actuarial 1-, 3-,
and 5-year survivals were 99.1%, 97.2%, and 97.2%,
respectively, in the IMH group, and these were significantly
higher than those in the AD group (93.8%, 87.2%, and
85.9%, respectively, P ¼ .006) (Figure 3, A). Kaplan–Meier
analysis also estimated that actuarial 1-, 3-, and 5-year
IMH- or AD-related event-free rates were 99.1%, 95.3%,
and 90.4% in the IMH group, respectively, and 96.2%,
89.1%, and 83.6% in the AD group, respectively
(P ¼ .290) (Figure 3, B). As a result of multivariate analysis,
IMH was shown to be associated with lower midterm
mortality after adjustment of additional concomitant
procedures (HR, 0.316; 95% CI, 0.102-0.974; P ¼ .045)
(Table 2).

DISCUSSION
The present study showed that the preoperative clinical
characteristics of patients with IMH and AD were different.
Most likely because of this difference, emergency open
surgery for IMH required simpler procedures and
demonstrated lower operative mortality and higher 5-year
survival compared with AD.
IMH has been shown to occur in older patients and more
often in female patients compared with AD,3,5 as our study
showed. Patients with IMH generally presented with less
severe clinical findings than patients with AD; however,
patients with IMH more frequently had cardiac
tamponade. Uchida and colleagues3 reported that the
hematoma in IMH was located in the media closer to the
adventitia than that in AD, indicating that the false lumen
wall of IMH is thinner than that of AD. This finding might
be a reason why the IMH group more frequently had cardiac
tamponade than the AD group in our study. Organ
malperfusion and aortic valve insufficiency were less
frequently observed in the IMH group than in the AD group.
Malperfusion occurs when the false lumen compresses the
true lumen perfusing the organ. Because the false lumen
pressure is lower than the true lumen pressure in IMH,8
malperfusion is not a common complication in IMH.
The operative mortality rates in the IMH and AD groups
were low (0.8% and 5.3%, respectively) in our study.
Recent studies have reported that operative mortality ranges
from 4.3% to 10.9% in patients with IMH3,5,8,14 and from
8.9% to 23.9% in patients with AD.15-20 The previously
published study showed that surgical outcomes of IMH
were significantly better than those of AD.3 After adjusting
the preoperative variables by the propensity score matching,
the operative mortality rates were not significantly different
between the 2 groups. The difference in raw operative
mortality is likely to be associated with differences in
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FIGURE 2. Reasons for aortic reoperation related to IMH or AD. IMH, Intramural hematoma; AD, aortic dissection.

preoperative conditions between the 2 groups. The
operative mortality rates in the matched analysis (0.8% vs
3.4%) were somewhat different, although they were not
statistically significant. No statistical difference might be
due to small sample size. If there is a difference, it might
be caused by a difference in operative variables. Patients
in the IMH group underwent less complex surgery than
those in the AD group, because organ malperfusion and
aortic valve insufficiency were less frequently observed in
the IMH group than in the AD group. Simpler procedures
and more stable preoperative status are likely to lead to
better operative outcomes of patients with IMH than
patients with AD.
In our study, 47 patients (10.2%) required reoperation for
aortic disease related to IMH or AD. Previous studies have
reported that the late reoperation rate was 7.6% to
38%.18,21,22 We do annual follow-up CT scans for patients
with IMH or AD who undergo surgery. We think that a longterm periodical follow-up is important because the late
reoperation rate is not low in IMH or AD. Three patients
356

(6.4%) underwent an emergency operation for rupture or
impending rupture of aorta, and the other patients
(93.6%, 44/47) underwent an elective operation with stable
condition. Early identification of patients who need
reoperation of aortic disease related to IMH or AD and
planning the reoperation may lead to good results. The
reoperative mortality rate was 4.3% (2/47); 1 patient underwent ascending aortic re-replacement because of graft
infection, and 1 patient underwent thoracoabdominal aorta
replacement. Roselli and colleagues22 reported 305 patients
who underwent reintervention after initial repair of
ascending AD and concluded that graft infection, concomitant coronary artery bypass grafting, larger body mass
index, a longer time between reinterventions, combined
open arch and descending procedures, and lower distal
anastomosis sites were risk factors for mortality. Recent
studies also suggested that rigorous follow-up with early
reintervention is important for improving outcomes.21,22
Our raw and matched data showed that the IMH group
had higher 5-year survival after surgery than the AD group.
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FIGURE 3. A, Kaplan–Meier analysis for freedom from any cause of death with 95% confidence limits in the matched patients. B, Kaplan–Meier analysis
for freedom from IMH- or AD-related events with 95% confidence limits in the matched patients. AD, Aortic dissection; IMH, intramural hematoma.

The Cox proportional hazards model for midterm morality
in propensity-matched patients showed that IMH was
associated with lower midterm mortality after adjustment
of operative variables. Estrera and colleagues8 reported
that 1- and 5-year survivals of the patients with IMH were
significantly higher than those of the patients with AD after
adjustment for age and renal function. During the follow-up
period, we had no IMH-related death. As mentioned earlier,
identifying patients who require aortic reoperation without
delay and performing elective reoperations might have led
to good results.
Study Limitations
There are limitations of an observational nature in
this study. We adjusted as much bias as we could by
using the propensity score matching and multivariable
analysis. This was a single-institute study, and there was
selection bias of patients. Because most of our patients
with AD were referred from other hospitals, very
high-risk patients who were unlikely to be operable and
those who did not want to have surgery might not have
been included in our cohort. A larger study including
surgical and nonsurgical IMH cases in the whole local
area is expected to obtain a complete clinical picture
of IMH.
CONCLUSIONS
Patients with IMH undergoing emergency surgery had
less severe preoperative condition and less complex
surgery compared with patients with AD. Emergency
open surgery for type A IMH demonstrated low mortality
and excellent 5-year survival. There is no significant
difference in late IMH/AD-related event free rates. Patients
with IMH should be followed up carefully, similar to
patients with AD.
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