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Background: Intramural hematomas (IMHs) may originate from small intimal tears. Although most
surgeries for acute type A IMH are conventionally performed solely at the proximal aorta, regardless of the
primary intimal tear site, the remnant aortic remodeling stays important during the follow-up period after
surgery.

Methods: Forty-seven patients with “pure” acute type A IMHs who underwent surgery from January 2008
to December 2019 were retrospectively analyzed. Acute type A IMH in the entire region without penetrating
aortic ulcer (PAU) and aortic dissection (AD), which upon initial computed tomography (CT), can be
considered as an intimal tear site, was defined as “pure” type. The maximal diameter of the aorta, maximal
thickness of the IMH, and hematoma thickness ratio (HTR) of the ascending and descending aortae were
measured from the preoperative computed tomographic scan. The hematoma thickness index was defined as
the HTR of the descending aorta divided by that of the ascending aorta. Major adverse aortic events (MAAEs)
were defined as AD, rupture, or newly developed PAU and aortic death. Predictors for postoperative MAAEs
were analyzed using preoperative computed tomographic findings.

Results: The measurements of the descending aorta were larger and those of the ascending aorta
were smaller in the MAAEs group, than in the corresponding other. The hematoma thickness index was
significantly higher in the group with MAAESs, than in the group without; this variable was an independent
predictor of MAAEs. During surgery, intimal tears were found in 16/47 (34%) patients. The hematoma
thickness index was significantly smaller in the group with intimal tears than in the group without the tears.
The aortic measurement appears to reflect the tear site.

Conclusions: Hematoma thickness index was an independent predictor of MAAE after acute type A IMH
surgery. Long-term periodical follow-up with early reintervention may, therefore, be necessary to improve
outcome in these patients. As the optimal treatment method is still controversial, inferring the location of the

primary tear through the hematoma thickness index can be helpful in determining the treatment method.
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Introduction

Aortic intramural hematoma (IMH) is a condition that
covers the acute aortic syndrome spectrum, characterized
by the absence of intimal tear, and thereby, the continuous
communication between the true and false lumens. IMH
was first described by Krukenberg in 1920 as an “aortic
dissection (AD) without an intimal tear” (1). Early studies
did not detect an intimal tear or flow communication in
IMH patients (2); hence, the hemorrhage could be the
result of a ruptured vasa vasorum. However, few recent
studies discussed intimal tears that were identified with
more sensitive imaging modalities in numerous IMH
cases (3,4). Moreover, Uchida et al. (5) and Park ez a/. (6)
noted that intimal tears were found in many IMH patients
intraoperatively. This suggests that IMH may result from
small intimal tears rather than a rupture of vasa vasorum.
Therefore, the American College of Cardiology (ACC)
Foundation and the American Heart Association (AHA)
guidelines state that “When the term IMH is used strictly,
no intimal defect such as a tear or an ulcer is present. But
in practice, the term is used loosely to mean a thrombosed
false lumen regardless of a small defect” (7). The established
treatment for acute type A AD involves tear-oriented
surgery, resection of the primary intimal tear, and graft
replacement (8). Similarly, the treatment goal for acute
type B AD is the coverage of the primary intimal tear
through thoracic endovascular aortic repair (TEVAR) (9).
However, despite its similarities to AD, its management is
controversial, especially for type A IMH (10).

Although locating primary intimal tears of an acute
type A intramural hematoma (ATAIMH) in preoperative
computed tomography (CT) scans is difficult, most
surgeries are performed on the proximal aorta (ascending
aorta and arch). Grimm ez 4/. (11) reported the novel
insights into the mechanism and treatment of IMH. In
particular setting that a primary tear is not detectable
during open surgery for IMH, it remains unclear whether
the predominant mechanism of this life-threatening disease
has been adequately addressed. Therefore, these patients
are at risk of having additional adverse events associated
with an unidentified lesion in other aortic segments distal
to the treated area. ATAIMH in the entire region without
penetrating aortic ulcer (PAU) and AD (including focal
lesions), which upon initial CT, can be considered as an
intimal tear site, was defined as “pure” ATAIMH. Our study
aimed to report early and late outcomes after surgery for
“pure” ATAIMH. Further, we evaluated the prognostic
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factors of major adverse aortic events (MAAEs) following
surgery for “pure” ATAIMH, as analyzed from the
preoperative CT scan findings.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-674).

Methods
Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Institutional Review Board of the
Gangnam Severance Hospital, Yonsei University College of
Medicine (Yonsei Institutional Review Board approval no.
3-2020-0317), and the requirement for obtaining individual
consent was waived in this retrospective analysis.

Study design

This study is a retrospective analysis of 407 patients with
ATAIMH who were admitted to our hospital between
January 2008 and December 2019. Patients with Marfan
syndrome, malignancy, prominent PAU, and AD on CT
were excluded; consequently, only those with “pure”
ATAIMH were included. All patients underwent surgery

immediately after the diagnosis.

Definitions of IMH and PAU

The presence of a hematoma within the aortic wall—
recognizable as a crescent or circular local aortic wall
thickening—and absence of a visible intimal flap or tear
were the prerequisites for diagnosing IMH. A PAU was
defined as a deep ulcerated lesion in the thickest part of
IMH within the involved aorta (12).

Measurement of aortic diameter

On preoperative CT, the maximal diameter of the aorta,
maximal thickness of the IMH (HT), and hematoma
thickness ratio [HTR (hematoma thickness/aortic
diameter)] were evaluated in the ascending and descending
aortae (Figure I). In the descending aorta, additional
measurements were obtained at the level of inferior vena
cava (IVC) and celiac axis (CA), in same manner. HTR of
the descending aorta ({HTR)/HTR of the ascending aorta
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A

Measurement of aortic diameter on CT scan

Hematoma ,

x = Maximal hematoma thickness (HT)
y = Maximal aortic diameter (Max)

x/y = Hematoma thickness ratio (HTR)

Cross section of aorta involved intramural hematoma

*dHTR/*aHTR = HT index_Max
*dHTR_IVC/*aHTR = HT index_IVC
*dHTR_CA/*aHTR = HT index_CA

*a = ascending aorta; d = descending aorta
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Figure 1 Measurement of diameters of the aorta and hematoma thickness using CT scans. (A) Schematic figure of the key concept of this

study; (B-D) in the descending aorta, maximal diameter and hematoma thickness were mostly measured at the level of the PAB. Additional

measurements were taken at the level of the IVC-RA junction and CA. CT, computed tomography; PAB, pulmonary artery bifurcation; CA,

celiac axis; RA, right atrium; IVC, inferior vena cava.

(aHTR) of each level was named the HT index.

Endpoint of study
Forty-seven “pure” ATAIMH patients were divided

according to the presence or absence of MAAEs, and
preoperative CT findings were compared. The primary
clinical endpoint was freedom from MAAEs. MAAEs were
defined as AD, PAU, aortic rupture, aortic reintervention
and aortic death. Indications of re-intervention included
symptomatic MAAEs, asymptomatic newly developed
PAU >2 cm width and >1 cm depth, and rapid growing
aortopathy. Secondarily, we also investigated the predictors
of MAAE:s based on the findings on preoperative CT. The
time-to-MAAE was defined as the time between the surgery
and either MAAEs or death without MAAEs or censoring
(alive without MAAESs at the last time point).

Surgical technique

During the surgery, moderate hypothermic circulatory
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arrest was induced for the distal aortic anastomosis in
patients undergoing partial and total arch replacement.
The right axillary artery was generally cannulated, while
some cases needed femoral artery cannulation. After the
rectal temperature of patients was sufficiently lowered for
circulatory arrest, the adventitia of the ascending aorta
was longitudinally incised, while the cardiopulmonary
bypass flow was lowered to 1 L/min. The hematoma in the
false lumen was gently removed with suction. Fresh blood
gushing out from the false lumen was considered a strong
sign of an intimal defect in a nearby segment of the aorta.
After this maneuver, the true lumen of the ascending aorta
was incised under total circulatory arrest and the inner wall
was thoroughly inspected to find an intimal defect. The
remaining thoracic aorta was also inspected. Before the
proximal and distal anastomosis, neo-media formation was
performed with Teflon felt.

Statistical analyses

Pearson’s Chi-squared test and Fisher’s exact test were
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From 2008 to 2019
Admission to our center with IMH
(n=407)
Inclusion criteria Exclusi iteri
o ATAIMH xclusion criteria
e Marfan syndrome
e Underwent surgery .
. * Malignancy
® F/U duration >6 months Prominent PAU or AD i Ob CT
® Prominen or in pre!
* PreOp CT scan (+) sl
Pure ATAIMH
(n=47)

MAAE (+) (n=9)

MAAE (-) (n=38)

Figure 2 Flow-diagram of this study. AD, aortic dissection; ATAIMH, acute type A intramural hematoma; CT, computed tomography; F/U,

follow-up; IMH, intramural hematoma; MAAE, major adverse aortic event; PAU, penetrating aortic ulcer; PreOp, preoperative.

used to compare the frequencies between patients with and
without MAAEs. Continuous variables were examined for
normality using the Kolmogorov-Smirnov test. These data
are expressed as means (standard deviations), and compared
using the Student’s #-test. Non-normal continuous variables
are expressed as medians [25th, 75th interquartile points]
and compared using the Mann-Whitney U test. Categorical
variables are expressed as numbers (percentages). The
time-related event was an MAAE, and freedom from this
event was estimated using the Kaplan-Meier method and
compared using the log-rank test. Maximally-selected rank
statistics analysis using R package [Torsten Hothorn (2017)
maxstat: Maximally Selected Rank Statistics. R package
version 0.7-25] was performed to determine the best cut-
off value of each aortic measurement in predicting MAAEs.
The rates of freedom from MAAEs and overall survival
of all patients are presented. The independent risk factors
of MAAEs were determined using the Cox proportional
hazards regression analysis. For this analysis, variables
with P<0.15 in the univariate analysis were included. The
results of the analysis are presented as hazard ratios (HRs)
with corresponding 95% confidence intervals (Cls). The
statistical analyses were performed using the statistical
software R v4.0.4 (R Foundation for Statistical Computing,
Vienna, Austria) and SPSS v23.0.0.0 for Windows (IBM
Corp., Armonk, NY, USA).

© Journal of Thoracic Disease. All rights reserved.

Results
Baseline characteristics

Among the 407 patients admitted to our hospital with
ATAIMH, 47 patients remained according to exclusion
and inclusion criteria. They were divided according to
the presence or absence of MAAEs, and the preoperative
CT findings were compared (Figure 2). The baseline
characteristics of patients and surgical outcomes are
summarized in Table 1. The MAAE group comprised nine
patients, of whom five were male, and the mean age was
65.44 (12.35) years. Hypertension was the most common
comorbidity in both groups. There were no statistically
significant differences in age, sex, or past medical history
between the two groups.

Preoperative CT findings
As shown in Table 1, preoperative CT of the MAAE

group demonstrated trends of lower maximal diameter
of the ascending aorta (aMax), hematoma thickness of
the ascending aorta (aHT), aHTR and trends of higher
maximal diameter of the descending aorta (dMax), thickness
of the descending aorta (dHT), and dHTR. There were
no statistically significant differences between the groups.

HT index_Max (dHTR/aHTR) was significantly higher
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Table 1 Baseline characteristics and surgical outcomes
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Variables'

Non-MAAE group (n=38)

MAAE group (n=9)

P value

Baseline characteristics
Age (years)
Male sex (n)
Medical history (n)
Smoking
HTN
DM
PreOp CT measurement
aMax (mm)
aHT (mm)
aHTR
dMax (mm)
dHT (mm)
dHTR
HT index_Max
*dMax_IVC (mm)
fdHT_IVC (mm)
dHTR_IVC
IHT index_IVC
SdMax_CA (mm)
SdHT_CA (mm)
dHTR_CA
"HT index_CA
Surgical outcomes
Intimal tear (n)
Surgical extent (n)
AR
PAR
TAR
LOH (days)
In-hospital mortality (n)
Overall mortality (n)

F/U duration (months)

65.71 (10.30)
16 (42.1%)

12 (31.5%)
28 (73.6%)
4 (10.5%)

48.3(7.3)
11.9 (3.6)
0.25 (0.08)
35.3 (4.2)
9.2 (3.1)
0.26 (0.09)
0.97 [0.87; 1.19]
31.7 (3.6)
7.8 (3.5)
0.25 (0.11)
0.97 [0.78; 1.17]
28.5 [27.0; 30.3]
5.7 (2.8)
0.19 (0.09)
0.73[0.58; 1.01]

16 (42.1%)

12 (31.5%)
17 (44.7%)

9 (23.6%)
15.0 [13.0; 19.0]
2 (5.26%)

2 (5.26%)
42.5 [15.0; 86.0]

65.44 (12.35)
5 (55.5%)

4 (44.4%)
4 (44.4%)
0(0.0%)

45.7 (4.1)
9.6 (3.3)
0.21 (0.07)
36.2 (3.4)
10.3 (1.8)
0.29 (0.07)
1.31[1.27; 1.40]
33.3 (3.5)
8.2(1.2)
0.25 (0.04)
1.16 [1.02; 1.52]
31.4[29.4; 33.8]
5.8 (0.9)
0.19 (0.03)
0.96 [0.70; 1.28]

0 (0.0%)

3 (33.3%)
6 (66.6%)

0 (0.0%)
13.0 [11.0; 16.0]
0 (0.0%)

0 (0.0%)
70.0 [21.0; 88.0]

0.947
0.721

0.733
0.196
0.724

0.314
0.081
0.158
0.526
0.291
0.354
0.001
0.244
0.548
0.992
0.046
0.058
0.770
0.686
0.138

0.045

1.0
0.416
0.249
0.309

1.0

1.0
0.725

T, values expressed as means (standard deviations) for normally distributed continuous data, medians [IQRs: 25th percentile; 75th
percentile] for non-normal distributed continuous data, or numbers (percentages) for categorical data; *, measurements were taken at the
level of junction of inferior vena cava and right atrium; §, measurements were taken at the level of celiac axis; ¥, HT index_IVC = dHTR_
IVC/aHTR; HT index_CA = dHTR_CA/aHTR. aHT, hematoma thickness of ascending aorta; aHTR, hematoma thickness ratio of ascending
aorta; aMax, maximal diameter of ascending aorta; AR, ascending aorta replacement; CA, celiac axis; CT, computed tomography; dHT,
hematoma thickness of descending aorta; dHTR, hematoma thickness ratio of descending aorta; DM, diabetes mellitus; dMax, maximal
diameter of descending aorta; F/U, follow-up; HTN, hypertension; IVC, inferior vena cava; LOH, length of hospitalization; MAAE, major

adverse aortic event; Op, operation; PAR, partial arch replacement; TAR, total arch replacement.
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Figure 3 Kaplan-Meier curves of freedom from MAAEs. (A) MAAE-free survival rate of total patients; (B) MAAE-free survival rate
according to intimal tear; (C) MAAE-free survival rate according to HT index_Max; (D) MAAE-free survival rate according to HT index_
IVC. Freedom from MAAE was estimated using the Kaplan-Meier method and compared using the log-rank test. Using maximally selected
rank statistics analysis with R package to evaluate best cut off value for predicting MAAE. ', HT index_Max = dHTR/aHTR; ¥, HT index_
IVC = dHTR_IVC/aHTR. HT, maximal hematoma thickness; IVC, inferior vena cava; MAAE, major adverse aortic event.

in the MAAE group than in the non-MAAE group {1.31
[1.27; 1.40] vs. 0.97 [0.87; 1.19], respectively, P=0.001{. In
most of the patients, maximal diameter was at the level of
pulmonary artery bifurcation. As for the level of the IVC
and CA, the measurements tended to be higher in MAAE
group, when compared with the measured values in the
ascending aorta. The HT index_IVC showed a significant
difference {non-MAAE vs. MAAE; 0.97 [0.78; 1.17] vs. 1.16
[1.02; 1.52], P=0.046}.

Operative outcomes

Intimal tears were noted during surgery in 16 (34% of total
patients) patients, all of whom were in the non-MAAE
group (non-MAAE vs. MAAE group; n=16; 43.2% vs. n=0;
0%, respectively; P=0.01). Total arch replacement was
performed in 9 patients, and all were in the non-MAAE

© Journal of Thoracic Disease. All rights reserved.

group. The average length of hospitalization was 15.0 [13.0;
19.0] days vs. 13.0 [11.0; 16.0] days (non-MAAE vs. MAAE,
respectively) with no statistically significant difference
between the groups. The median follow-up duration was
42.5 [15.0; 86.0] months vs. 70.0 [21.0; 88.0] months (non-
MAAE vs. MAAE, respectively). The mean MAAE-free
duration was 10.0 [9.0; 19.0] months. The 8-year MAAE-
free survival rate was 75.1% (Figure 3A4). The 8-year overall
survival rate was 95.7%.

In-hospital mortality

There were two cases of in-hospital mortality. Patients in
both cases underwent partial arch replacement, and there
was no primary intimal tear observed during surgery. One
case of in-hospital mortality included a patient who died
on postoperative day 15 due to aspiration pneumonia and

7 Thorac Dis 2021;13(8):4935-4946 | https://dx.doi.org/10.21037/jtd-21-674
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Table 2 Univariable analysis for predictors of MAAE in preoperative computed tomography findings

Univariate analysis

Variables

HR 95% ClI P value
Male sex 1.844 0.492, 6.903 0.3637
Age 0.998 0.933, 1.066 0.9422
Smoking 1.586 0.418,6.014 0.4979
HTN 0.321 0.085, 1.207 0.9270
AR 0.718 0.176, 2.930 0.6444
PAR 2.622 0.651, 10.564 0.1752
HT index_Max 3.141 1.085, 9.093 0.0348
THT index_IVC 1.920 0.877, 4.203 0.1029
HT index_CA 2.145 0.697, 6.597 0.1831

T, HT index_IVC = dHTR_IVC/aHTR. AR, ascending aorta replacement; aHT, hematoma thickness of ascending aorta; aHTR, hematoma
thickness ratio of ascending aorta; aMax, maximal diameter of ascending aorta; CA, celiac axis; Cl, confidence interval; dHT, hematoma
thickness of descending aorta; dHTR, hematoma thickness ratio of descending aorta; dMax, maximal diameter of descending aorta; HR,
hazard ratio; HTN, hypertension; IVC, inferior vena cava; MAAE, major adverse aortic event; PAR, partial arch replacement.

sepsis. The other preoperatively demonstrated unstable vital
signs and pulmonary edema. Following graft replacement,
it was necessary to perform coronary artery intervention
intraoperatively.

Univariable analysis

The results of the univariable analysis are summarized in
Table 2. We performed simple Cox regression analysis,
which revealed that HT index_Max was an independent
predictor of MAAEs (HR, 3.141; 95% CI: 1.085-9.093;
P=0.0348). Other clinical variables and surgical variables
were not significant predictors.

Kaplan-Meier curve

Using maximally-selected rank statistics analysis with R
package to evaluate the best cut-off value, a Kaplan-Meier
curve was plotted. The best cut-off values for HT index_
Max and HT index IVC were 1.23 and 0.87, respectively.
Regarding freedom from MAAEs, a significantly higher
MAAE rate was observed in patients with HT index_
Max >1.23 and HT index_IVC >0.87 (log-rank, P<0.001
and P=0.014, respectively) (Figure 3B,C). Patients with no
intimal tears at the time of surgery had a worse prognosis
(log-rank, P=0.014) (Figure 3D).

© Journal of Thoracic Disease. All rights reserved.

Comparison of aortic measurements according to the
presence or absence of intimal tears found intraoperatively

Table 3 shows the comparison of aortic measurements
according to the presence or absence of intimal tears found
during surgery. In the intimal tear positive (+) group, the
values measured in the ascending aorta are larger and the
values measured in the descending aorta are smaller. Among
them, dHT, dHTR, HT index_Max, dHT_IVC, and HT
index_IVC showed significant differences between both
groups. The incidence of MAAE was significantly lower in
the intimal tear + group (intimal tear + group vs. intimal
tear — group; 0%, n=0 vs. 29%, n=9, respectively).

Profiles of MAAE and re-intervention

The profiles of MAAEs and re-intervention are summarized
in Figure 4. There were nine patients with MAAEs, of
whom eight underwent re-intervention. There were seven
patients who underwent thoracic endovascular aneurysm
repair and one who underwent the false lumen procedure.
False lumen procedure is defined as an endovascular
procedure with closure of the communicating channels
between the true lumen and false lumen or obliteration of
the false lumen itself, of both the entry and re-entry tears,
using various materials (arterial vascular plugs, coils, stents,

7 Thorac Dis 2021;13(8):4935-4946 | https://dx.doi.org/10.21037/jtd-21-674
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Table 3 Comparison of aortic measurement in preoperative CT scan findings according to intimal tear in operative field

Variables' Intimal tear — (n=31) Intimal tear + (n=16) P value
aMax (mm) 45.9 [42.9; 50.2] 48.5 [44.0; 53.6] 0.379
aHT (mm) 11.3 (3.8) 11.8(3.2) 0.636
aHTR 0.24 (0.08) 0.24 (0.07) 0.923
dMax (mm) 35.3 (3.5) 35.8 (5.0 0.644
dHT (mm) 10.4 (2.5) 7.3(2.8) <0.001
dHTR 0.30 (0.07) 0.20 (0.07) <0.001
HT index_Max 1.24 [1.09; 1.40] 0.87 [0.78; 0.97] <0.001
*dMax_IVC (mm) 32.1 (3.6) 31.7 (3.9) 0.758
*dHT_IVC (mm) 8.2 [6.4; 9.6] 6.0 [4.4; 8.3] 0.031
dHTR_IVC 0.27 (0.10) 0.21 (0.10) 0.044
"HT index_IVC 1.09 [0.88; 1.29] 0.84 [0.62; 1.05] 0.011
SdMax_CA (mm) 29.9 (4.0 28.8 (3.5) 0.340
SdHT_CA (mm) 6.2 (2.4) 4.8 (2.5) 0.064
dHTR_CA 0.21 (0.08) 0.16 (0.08) 0.080
"HT index_CA 0.86 [0.62; 1.07] 0.67 [0.35; 0.92] 0.082
MAAE (n) 9 (29.0%) 0(0.0%) 0.045

', values expressed as means (standard deviations) for normally distributed continuous data, medians [IQRs: 25th percentile; 75th
percentile] for non-normal distributed continuous data, or numbers (percentages) for categorical data; *, measurements were taken at the
level of junction of inferior vena cava and right atrium; 5, measurements were taken at the level of celiac axis; ", HT index_IVC = dHTR_
IVC/aHTR; HT index_CA = dHTR_CA/aHTR. aHT, hematoma thickness of ascending aorta; aHTR, hematoma thickness ratio of ascending
aorta; aMax, maximal diameter of ascending aorta; CA, celiac axis; CT, computed tomography; dHT, hematoma thickness of descending
aorta; dHTR, hematoma thickness ratio of descending aorta; dMax, maximal diameter of descending aorta; IVC, inferior vena cava; MAAE,
major adverse aortic event.
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Figure 4 Profiles of MAAEs and re-intervention. FLP, false lumen procedure; MAAE, major adverse aortic event; PAU, penetrating aortic
ulcer; TBAD, type B aortic dissection; TEVAR, thoracic endovascular aortic repair; Z, zone.
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and glues) (13). Fortunately, there were no patients who
experienced MAAESs after the re-intervention and there was
no post-procedural mortality. One patient with MAAEs did
not receive re-intervention due to their refusal to undergo
any procedure.

Discussion

Management of ATAIMH remains controversial. A
systematic review of surgical outcomes of ATAIMH
identified acceptable risks of postoperative mortality.
However, significant heterogeneity exists in the outcomes
between Western and Eastern countries (14). Western
guidelines recognize IMH as a subset of acute aortic
syndrome, and therefore advocate urgent surgery for
ATAIMH. In contrast, some Asian guidelines consider IMH
to be a distinct pathological process requiring a unique
approach, such as medical treatment and delayed surgery
(15-17). Indeed, both the 2010 ACC/AHA guidelines
and 2014 European Society of Cardiology guidelines
recommend urgent surgery (7,18), whereas the 2011
Japanese Circulation Society recommends medical therapy
for ATAIMH (19). Despite the different reported outcomes
and recommendations from the Western and Eastern
medical societies, the patients who demonstrate unstable
hemodynamics, malperfusion syndrome, uncontrolled
continuous pain, and progression to AD and rupture are
candidates for emergency surgery within 1-2 days of
symptom onset, ideally (20-23). Depending on the location
of involvement, aortic repair is performed for restoring
normal aortic dimension, where possible. A supracoronary
anastomosis is performed in cases where the IMH does not
involve aortic root (24). In general, hemiarch replacement
is preferred, but total arch replacement is required if aortic
arch aneurysm is present or if there is an intimal tear or
PAU in the distal arch (16). In our study, surgical extent
showed no differences between the two groups and was not
predictors of MAAE. There exists no controversy regarding
emergency surgery in patients with such an acute life-
threatening complicated form of ATAIMH, for which this
study also demonstrated favorable short-term and long-term
surgical outcomes. Matsushita et /. reported the surgical
outcomes of ATAIMH. Five-year IMH-related event-
free rate was 89.1% and 5-year AD-related event-free rate
was 85.1% (23). Roselli et al. reported the reintervention
rate after surgical repair of AD. In this study, 10-year
reintervention rate was 38%, with a cumulative incidence
of 55% (25). Postoperative adverse events requiring
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reintervention included aortic rupture, pseudoaneurysm,
rapidly growing aneurysmal change, graft infection, new
dissection, and symptomatic chronic dissection (23,25).
Ten-year overall survival rate after AD surgery was 65%.
Reoperation during follow-up period was also related to
significant morbidity and mortality. Risk factors for early-
and late-phase mortality include infected graft, concomitant
coronary artery bypass grafting, higher body mass index,
combined arch and descending/thoracoabdominal
procedures, lower distal anastomosis site, and longer
interval between reinterventions (25). Estrera et al. (26)
reported early and late surgical outcomes of ATAIMH.
In this study, after surgical repair of the proximal aorta, a
typical intimal flap was noted in the distal aorta (descending
or thoracoabdominal aorta) in 39% (25 of 64) of patients.
Another major source of controversy is the mechanism
of generation of IMH. The aforementioned theory that
describes IMH as a result of rupture of vasa vasorum rather
than an intimal disruption and flow communication has not
been scientifically validated. Moreover, it is questionable
whether the pressure created by the rupture of vasa vasorum
could overcome the pressure of the inner lumen (27).
Some authors claim that all IMHs should be renamed as
thrombosed type AD and that an intimal tear is always present
but may not always be identified (5). Park ez 4. (6) reported
prevalence of aortic intimal defect in surgically treated
ATAIMH. At the time of surgery, small intimal tears were
detected at the proximal aorta in 27 patients (73.0%) although
preoperative CT scan suggested no indication of intimal
defect in 14 (51.9%) of these patients. Another study (26)
reported that intimal tear was noted intraoperatively in
66% (42 of 64) of patients with ATAIMH. In our study,
although we planned to assess only pure ATAIMH without
suggestive findings of intimal defect on preoperative
CT, an intraoperative intimal tear was found in 16 out of
47 (34%) patients. Total patients were divided into two
groups according to the presence or absence of intimal
tear, and the measurement of aorta was compared. In the
intimal tear + group, the ascending aorta tended to be
larger and the descending aorta to be smaller compared
with the intimal tear - group, and dHT and dHTR were
significantly smaller. Also, HT index_Max and HT index_
IVC were significantly smaller. The incidence of MAAE
was significantly higher in the intimal tear + group. In the
MAAE group of our study, the ascending aorta was smaller
and the descending aorta was larger, compared with the
non-MAAE group, and there were significant differences
in HT index_Max and HT index_IVC. HT index_Max
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was an independent predictor of MAAE. Therefore,
we believe that this aortic parameter can be utilized as
evidence to infer the location of the primary intimal tear.
In 2019, there was a two-patient case report of retrograde
ATAIMH treated endovascularly (28). The first patient was
hemodynamically stable, with prominent entry tear at the
descending aorta, and the other had severe comorbidities
along with the retrograde ATAIMH. Both patients
underwent TEVAR and showed successful outcomes.
In 2020, there was a multicenter study on TEVAR for
retrograde ATAIMH. This is the first study to focus on
the treatment of retrograde type A IMH with TEVAR.
Eighteen non-consecutive selected patients with retrograde
type A IMH with classical type B AD or type B IMH were
treated with TEVAR. All procedures were technically
successful. Median follow-up duration was 28.7 months
and there was no overall mortality or 30-day mortality.
Aortic remodeling was also favorable. Furthermore, the
findings of this study confirm that TEVAR is a reasonable
alternative treatment for eligible retrograde type A IMH
patients (29). These findings indicate that the treatment
strategy of retrograde ATAIMH could differ from antegrade
ATAIMH, which means that it is important to know the
location of the intimal tear. The limitations of this study
must be considered when interpreting the results. This
was a retrospective study, and the sample size was small.
Additionally, all patients underwent emergency surgery;
There was no control group. Therefore, we cannot suggest
a novel algorithm of treatment modalities for ATAIMH.
However, a prospective study is being planned.

Conclusions

In conclusion, HT index_Max was an independent predictor
of MAAEs after ATAIMH surgery. Long-term periodical
follow-up with early reintervention may, therefore, be
necessary to improve outcome in these patients. As the
optimal treatment method of ATAIMH is still controversial,
inferring the location of the primary tear through the HT
index can be helpful in determining the treatment method.
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