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Abstract 
Background: Type B aortic intramural hematoma (IMH-B) is recognized as a 
subset of aortic dissection. The evolution of uncomplicated IMH-B is very 
difficult to predict. How and when to deal with this disease is unclear. The 
present study constructed two models to explore this problem. One is the 
morphology evolution model, which explored the risk factors and predictors 
for the IMH-B patients. Another is the predictive model confirmed the pre-
dictors and the time for invasive treatment of uncomplicated IMH-B patients. 
Objective: To explore the evolution predictors and detect the time for inva-
sive treatment of uncomplicated IMH-B patients. Methods: The morphology 
evolution model demonstrated that all 81 patients were diagnosis with CTA 
images. The initial and follow-up data were retrospectively studied. The evo-
lution data were collection and measurement from initial and follow-up CTA 
images data. The predictive model showed that predictors of progression 
were detected with cox regression analysis. Results: All 81IMH-B patients 
were followed-up ranged from 1.2 to 36 months (median, 22 months). 26 pa-
tients accepted invasive treatment (24 underwent TEVAR and 2 underwent 
Surgery). 55 patients received medical treatment. Invasive treatment (IT) 
group overall events are 1/26 (3.8%); medical treatment (MT) group overall 
events are 33/55 (60.0%); IT group vs. MT group: p < 0.001. Moreover, we 
found that most events related aorta occurred within 30 days. Multivariate 
Cox regression analysis MDAD (hazard ratio, 3.58; 95% CI, 1.25 - 5.78; p < 
0.001), MDAHT (hazard ratio, 4.26; 95% CI, 0.85 - 7.84; p < 0.001), and IMH 
with PAU (hazard ratio, 3.58; 95% CI, 1.02 - 5.63; p < 0.001) were confirmed 
as the independent predictors. Conclusions: MDAD > 45 mm, MDAHT > 10 
mm, and IMH with PAU may be the important predictors for uncomplicated 

How to cite this paper: Zhu, J.G. and Hu, 
H.B. (2021) The Evaluation Characteristics 
of Type B Aortic Intramural Hematoma 
and Ten Years Treatment Outcomes. World 
Journal of Cardiovascular Diseases, 11, 58-68. 
https://doi.org/10.4236/wjcd.2021.111008 
 
Received: December 21, 2020 
Accepted: January 23, 2021 
Published: January 26, 2021 
 
Copyright © 2021 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

https://www.scirp.org/journal/wjcd
https://doi.org/10.4236/wjcd.2021.111008
https://www.scirp.org/
https://doi.org/10.4236/wjcd.2021.111008
http://creativecommons.org/licenses/by/4.0/


J. G. Zhu, H. B. Hu 
 

 

DOI: 10.4236/wjcd.2021.111008 59 World Journal of Cardiovascular Diseases 
 

IMH-B patients. Most adverse aorta related events occurred within 30 days. It 
would be careful follow-up, closely observe for these patients within 30 days, 
and take necessary treatment strategies in time. 
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1. Introduction  

IMH-B is characterized by aortic wall hematoma without intimal tear or direct 
flow communication between true and false. The etiology of this disease is un-
clear. Some researchers reported the cause may be related to spontaneous vasa 
vasorum bleeding in the aortic wall media without intimal disruption [1] [2]. 
Some studies showed that FID, pre-existing atherosclerosis, and hypertension 
may be risk factors for IMH-B [3] [4]. Previous studies indicated that IMH-B 
may be a subset of aortic dissections with very limited flow in the false lumen [5] 
[6]. Moreover, the evolution of IMH-B toward progression or regression under 
different conditions is not clear [7] [8]; therefore, how and when to deal with 
IMH-B becomes a focus in the world. Our study followed up the characteristics 
and evolution of IMH-B patients, explored the evolution predictors and the in-
vasive treatment time for uncomplicated IMH-B patients. 

2. Methods 
2.1. Patients Collection 

From May 2010 to May 2020, 81 type B aortic intramural hematoma (IMH-B) 
patients were collected from Liuzhou municipal Liutie central hospital (19/81, 
23.5%), people’s hospital of Sanya city (36/81, 44.4%) and the second affiliated 
hospital of Shantou university medical college (26/81, 32.1%). All patients were 
diagnosed as type B aortic Intramural hematoma (IMH-B) with computed to-
mography angiography (CTA), IMH-B is noted as a descending aortic dissection 
without intimal tear, but now the intimal defects are detected with high-resolution 
computed tomography, so IMH-B may be a subset of aortic dissections with very 
limited flow in the false lumen. This study was approved by the ethics commit-
tees of three hospitals. The authors had full access to and take responsibility for 
the integrity of the data. All authors have read and agree to the manuscript as 
written. 

2.2. Clinical Data  

All patients’ clinical data were collected retrospectively from the medical records. 
The information included age, sex, history, clinical presentation, physical exami-
nation, imaging findings, medical treatment and invasive treatment, and out-
comes. All data were verified by reviewing medical records and follow up data.  
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2.3. Follow-up Protocol 

CTA was performed in all cases. Initial CTA images were selected and measured 
at 3 levels to evaluate aortic diameter and hematoma thickness in the descending 
aorta. Among 3 slices, the largest one was defined as maximum descending aor-
tic diameter (MDAD) and maximum descending aortic hematoma thickness 
(MDAHT). CTA were also follow-up to detect IMH with APU and FID evolu-
tion and outcomes.  

2.4. Data Analysis  

All patients’ data such as presentation, physical findings, evaluation, manage-
ment, and outcomes were collected. Image evolution was carefully tracked in in-
itial and following-up patients’ imaging findings and assessed the outcomes. The 
relationship between the data of CTA image evolution and clinical events was 
analysis for detecting predictors and confirming the invasive treatment time.  

2.5. Statistical Analysis 

All results were presented here with mean ± SEM. Comparison between two 
groups was evaluated by Student’s t-test. One-way ANOVA was used to evaluate 
the significance of the difference between multiple groups. Survival curves were 
generated by the Kaplan–Meier method and difference in survival between 
groups used the log-rank test. Cox regression analysis was done to identify fac-
tors associated with the key endpoints. P values < 0.05 were considered to be sta-
tistically significant. Data analysis was performed with SPSS software (SPSS, 
Chicago, Illinois, version 22.0) and the survival curve of Kaplan–Meier was done 
with Graphpad prism 8. 

3. Results 
3.1. Patients Characteristics  

Among the 81 patients of IMH-B, 57 (70.4%) were men and 24 (29.6%) were 
women, The mean age of the cohort was 67.2 ± 11.3 years. 76.5% patients of this 
study had history of hypertension. 26 patients accepted invasive treatment (24 
underwent TEVAR and 2 underwent Surgery), there was no patient died; 55 pa-
tients received medical treatment, 7 (12.7%) died in acute and sub-acute phase 
and 48 survived. The survival curve of Kaplan-Meier was shown in Figure 1. 
The patients followed-up range: 1.2 - 36 months, median: 22 months. Characte-
ristics of all patients are shown in Table 1. 

3.2. Morphology Evolution of IMH-B 

All patients were diagnosed acute IMH-B and followed up with CTA. Typical 
imaging data obtained between the acute phase and follow up phase. The evolu-
tion characteristics of aortic IMH, IMH with ULP and IMH with PAU, were 
shown in Figures 2(A)-(H) respectively. 
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Figure 1. The Kaplan-Meier survival curves for IMH-B patients (n = 81). Compared with 
IT group (n = 26), the mortality of IMH-B patients of MT group was significantly high (n 
= 55), (p < 0.001). 
 

 
Figure 2. Morphology evolution for IMH-B patients. A - C showed Morphology evolu-
tion of IMH-B at day 0, day 5 and day 10 respectively; D - F showed Morphology evolu-
tion of ULP at day 0, day 7 and day 14 respectively; G - H showed Morphology evolution 
of PAU at day 0 and day 7. 
 
Table 1. The baseline characteristics of IMH-B patients (n = 81). 

Patients characteristics variable 

Demographic and history  

Age, y 67.2 ± 11.3 

Men, n (%) 57 (70.4) 
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Continued 

Hypertension, n (%) 62 (76.5) 

Diabetes, n (%) 21 (25.9) 

Smoker, n (%) 30 (37.0) 

Pleural effusion, n (%) 7 (8.64) 

Myocardial ischemia, n (%) 2 (2.46) 

Mesenteric ischemia, n (%) 1 (1.23) 

Medical treatment  

Calcium antagonists, n (%) 71 (87.7) 

ACE-inhibitors, n (%) 12 (14.8) 

Beta-blockers, n (%) 65 (80.2) 

Nitrates, n (%) 32 (39.5) 

Statins, n (%) 
Antiplatelet agents, n (%) 

21 (25.9) 
13 (16.0) 

Physical examination  

Heart rate, n (%) 109.4 ± 14.3 

Systolic Blood pressure, mmHg 156.7 ± 12.4 

Diastolic Blood pressure, mmHg 86.2 ± 9.6 

SpO2, n (%) 88 ± 7.4 

ECG findings  

Normal, n (%) 70 (86.4) 

Atrial fibrillation, n (%) 4 (5.93) 

ST segment change, n (%) 6 (7.41) 

Q wave, n (%) 1(1.23) 

Chest x-ray findings  

Normal, n (%) 65 (80.2) 

Widened mediastinum, n (%) 5 (6,17) 

Abnormal heart contour, n (%) 7 (8.64) 

Pleural effusion, n (%) 4 (5.93) 

Lab examination  

WBC, 109/L 11.2 ± 3.6 

PLT, 109/L 282.5 ± 71.9 

HG, g/L 128.3 ± 21.7 

CKMB, ng/ml 12.7 ± 5.9 

ALT, U/L 36.8 ± 11.9 

AST, U/L 31.6 ± 7.4 

BUN, mmol/L 6.5 ± 2.7 

CR, mmol/L 81.7 ± 5.9 

CRP, mg/dl 32.7 ± 6.4 

D-dimer, ng/ml 4.2 ± 1.1 
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3.3. Progression Data Analysis 

All Patients’ variety of CTA image data and morphological evolution model of 
IMH-B were shown in Table 2. The data indicated that MDAD < 35 mm, 82.1% 
Patients regression, 17.9% Patients progression (p < 0.001), and MDAHT < 6 
mm, 73.3% Patients regression. 26.7% Patients progression (p < 0.05). However, 
when MDAD > 45 mm, 16.7% Patients regression, 83.3% Patients regression (p 
< 0.001), and MDAHT > 10 mm, 0 Patients regression, 100% Patients regression 
(p < 0.001). We also found that IMH-B with FID, 31.8% Patients regression, 
68.2% Patients progression (p < 0.05), and IMH-B with PAU, 18.1% Patients re-
gression, 81.9% Patients progression (p < 0.001). The model demonstrated that 
MDAD > 45 mm, MDAHT > 10 mm, IMH-B with FID, and IMH-B with PAU 
may be the risk factors for IMH-B patients. 

3.4. Predictors of Progression  

Aorta related events were demonstrated in the predictive model (Table 3). In 81 
patients, 26 patients were treated with invasive treatment overall events 1, 26 
(3.8%), And 55 patients were treated with medical treatment overall events 33, 
55 (60.0%) p < 0.001, we found that most events related to aortia were occur-
rence in early 30 days. Among 55 patients, 12 patients were progressed to AD. 10 
patients were progressed to periaortic hemorrhage, 4 patients were progressed to 
pleural effusion, and 7 patients were dead. Compared with invasive treatment 
group, 1 patient was progressed to AD p < 0.001, 0 patients were progressed to 
periaortic hemorrhage p < 0.001, 0 patients were progressed to pleural effusion p 
< 0.001, and 0 patients were dead p < 0.001. Univariate analysis showed MDAD, 
MDAHT, IMH with AUP, IMH with FID as the significant predictors. Multiva-
riate Cox regression analysis MDAD (hazard ratio, 3.58; 95% CI, 1.25 - 5.78; p < 
0.001), MDAHT (hazard ratio, 4.26; 95% CI, 0.85 - 7.84; p < 0.001), and IMH 
with PAU (hazard ratio, 3.58; 95% CI, 1.02 - 5.63; p < 0.001) were confirmed as 
the independent predictors of early and late progression (Table 4).  
 
Table 2. The morphological evolution model (n = 81). 

IMH-B variates N (%) Regression n (%) Progression (%) P value 

MDAD, mm 

MDAD < 35 28 (34.6) 23 (82.1) 5 (17.9) <0.001 

35 < MDAD < 40 31 (38.3) 23 (74.2) 8 (25.8) 0.037 

40 < MDAD < 45 
MDAD > 45 

16 (19.8) 
6 (7.4) 

7 (43.6) 
1 (16.7) 

9 (56.4) 
5 (83.3) 

0.642 
<0.001 

MDAHT, mm 

MDAHT < 6 30 (37.0) 22 (73.3) 8 (26.7) 0.042 

6 < MDAHT < 8 
8 < MDAHT < 10 

MDAHT > 10 

27 (33.3) 
19 (23.5) 

5 (6.2) 

17 (56.7) 
8 (42.1) 

0 (0) 

7 (43.3) 
11 (57.9) 
5 (100) 

0.708 
0.620 

<0.001 

FID 
Without  FID 
With     FID 

59 (72.8) 
22 (27.2) 

36 (61.0) 
7 (31.8) 

23 (39.0) 
15 (68.2) 

0.055 
0.048 

PAU 
Without  PAU 
With     PAU 

70 (86.4) 
11 (13.6) 

49 (70.0) 
2 (18.1) 

21 (30.0) 
9 (81.9) 

0.053 
<0.001 

Two groups were evaluated by Student’s t-test and multiple groups by One-way ANOVA. 
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Table 3. The predictive model (n = 81). 

Time/Aorta related events 
Medical treatment,  

n, N (%) 
Invasive treatment,  

n, N (%) 
P value 

The acute phase (1 - 14 days)    

AD 
Periaortic hemorrhage 
Pleural effusion 

5.55 (9.1%) 
5.55 (9.1%) 
1.55 (1.8%) 

0.26 (0) 
0.26 (0) 
0.26 (0) 

<0.001 
<0.001 

Death 3.55 (1.8%) 0.26 (0)  

The subacute phase (15 - 30 days),    

AD 
Periaortic hemorrhage 
Pleural effusion 

5.42 (11.9%) 
2.42 (4.8%) 
2.42 (4.8%) 

1.22 (2.6%) 
0.22 (0) 
0.22 (0) 

<0.001 

Death 2.42 (4.8%) 0.22 (0)  

The follow-up phase (2 - 12 months)    

AD 
Periaortic hemorrhage 
Pleural effusion 

1.32 (3.1%) 
2.32 (6.3%) 
1.32 (3.1%) 

0.17 (0) 
0.17 (0) 
0.17 (0) 

 
 

Death 2.32 (6.3%) 0.17 (0)  

The follow-up (13 - 24 months)    

AD 
Periaortic hemorrhage 
Pleural effusion 

1.27 (3.7%) 
0.27 (0) 
0.27 (0) 

0.12 (0) 
0.12 (0) 
0.12 (0) 

 

Death 0.27 (0) 0.12 (0)  

The follow-up (25 - 36 months)    

AD 0.23 (0) 0.6 (0)  

Periaortic hemorrhage 
Pleural effusion 

1.23 (4.3%) 
0.23 (0) 

0.6 (0) 
0.6(0) 

 

Death 0.23 (0) 0.6 (0) . 

Overall events 33.55 (60.0%) 1.26 (3.8%) <0.001 

AD 12.55 (30.9%) 1.26 (0) <0.001 

Periaortic hemorrhage 
Pleural effusion 
Death 

10.55 (18.2%) 
4.55 (7.3%) 

7.55 (12.7%) 

0.26 (0) 
0.26 (0) 
0.26 (0) 

<0.001 
<0.001 
<0.001 

Two groups were evaluated by Student’s t-test and multiple groups by One-way ANOVA. 

 
Table 4. Predictors analysis for IMH-B patients (n = 81). 

 
Univariate predictors Multivariate predictors 

Hazard Ratio (95% CI) P value Hazard Ratio (95% CI) P value 

Age 1.16 (0.72 - 1.93) 0.28   

Men 1.52 (0.81 - 2.27) 0.31   

Hypertension 0.65 (0.24 - 2.12) 0.42   

Diabetes 1.03 (0.74 - 2.53) 0.53   

Smoker 1.02 (0.71 - 3.26) 0.77   
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Continued 

Pleural effusion 3.56 (0.58 - 4.13) 0.003   

MDAD (>45 mm) 4.19 (0.32 - 7.42) <0.001 3.58 (1.25 - 5.78) <0.001 

MDAHT (>10 mm) 
Periaortic hemorrhage 

IMH with PAU 
IMH with FID 

5.42 (1.72 - 7.03) 
3.06 (0.96 - 6.39) 
4.17 (2.12 - 8.47) 
4.38 (1.25 - 6.31) 

<0.001 
0.006 

<0.001 
<0.001 

4.26 (0.85 - 7.84) 
 

3.26 (1.02 - 5.63) 
 

<0.001 
 

<0.001 
 

Cox-regression analysis. 

4. Discussion 

The findings of present study were as follows: MDAD > 45 mm, MDAHT > 10 
mm, and IMH with PAU may be the important predictors for uncomplicated 
IMH-B patients. Most adverse aorta related events occurred within 30 days. It 
would be careful follow-up, closely observe for these patients within 30 days, and 
take necessary treatment strategies in time. 

There has been a controversy regarding the treatment of IMH-B. The mainly 
treatment strategy for IMH-B was medical treatment, However, the evolution of 
IMH-B appears to be more progression related events than that of invasive 
treatment group [9] [10]. In present report, we constructed morphology evolu-
tion model to IMH-B patients and observed progression related events. Our data 
was shown total 81 patients, 26 patients were treated with invasive treatment 
overall events 1, 26 (3.8%), And 55 patients were treated with medical treatment 
overall events 33, 55 (60.0%) p < 0.001. Among 55 patients, 12 patients were 
progressed to AD. 10 patients were progressed to periaortic hemorrhage, 4 pa-
tients were progressed to pleural effusion, and 7 patients were dead. Compared 
with invasive treatment group, 1 patient was progressed to AD p < 0.001, 0 pa-
tients were progressed to periaortic hemorrhage p < 0.001, 0 patients were pro-
gressed to pleural effusion p < 0.001, and 0 patients were dead p < 0.001. If 
IMH-B become IMH-A or type A aortic dissection. Surgery would be performed 
in time. 26 patients received invasive treatment, 24 patients underwent TEVAR 
and 2 surgeries in our study. IMH-B is most often a progressive disease. In case 
of complications, invasive treatment would be a good method in most high risk 
cases.  

However, how to confirm the invasive treatment indications and when to se-
lect treatment strategies are the major difficulties for IMH-B patients. It has been 
reported that adverse aortic-related events could help risk stratification and 
management decisions [11] [12] [13]. Some researchers indicated that most of 
the adverse aorta-related events happened within 1 month during follow-up [11] 
[14] [15]. In the present study, we constructed the predictive models for IMH-B 
patients, screened the morphology evolution of IMH-B patients. The data indi-
cated that MDAD < 35 mm, 82.1% Patients regression, 17.9% Patients progres-
sion (p < 0.001), and MDAHT < 6 mm, 73.3% Patients regression. 26.7% Pa-
tients progression (p < 0.05). However, when MDAD > 45 mm, 16.7% Patients 
regression, 83.3% Patients regression (p < 0.001), and MDAHT > 10 mm, 0 Pa-
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tients regression, 100% Patients regression (p < 0.001). We also found that 
IMH-B with FID, 31.8% Patients regression, 68.2% Patients progression (p < 
0.05), and IMH-B with PAU, 18.1% Patients regression, 81.9% Patients progres-
sion (p < 0.001). In order to find out the relationship between the morphology 
evolution of IMH-B and aorta related events for the IMH-B patients, we ex-
plored predictors of progression in aorta related events model, In 81 patients, 26 
patients were treated with invasive treatment overall events 1, 26 (3.8%), And 55 
patients were treated with medical treatment overall events 33, 55 (60.0%) p < 
0.001. Among 55 patients, 12 patients were progressed to AD. 10 patients were 
progressed to periaortic hemorrhage, 4 patients were progressed to pleural effu-
sion, and 7 patients were dead. Compared with invasive treatment group, 1 pa-
tient was progressed to AD p < 0.001, 0 patients were progressed to periaortic 
hemorrhage p < 0.001, 0 patients were progressed to pleural effusion p < 0.001, 
and 0 patients were dead p < 0.001. Univariate analysis showed MDAD, 
MDAHT, IMH with AUP, IMH with FID as the significant predictors. Multiva-
riate Cox regression analysis MDAD (hazard ratio, 3.58; 95% CI, 1.25 - 5.78; p < 
0.001), MDAHT (hazard ratio, 4.26; 95% CI, 0.85 - 7.84; p < 0.001), and IMH 
with PAU (hazard ratio, 3.58; 95% CI, 1.02 - 5.63; p < 0.001) were confirmed as 
the independent predictors of early and late progression. 

5. Limitations 

We constructed initial two models for the present retrospective observational 
study. The mainly limitations are as follows: Firstly, the number of patients 
enrolled was small, which might have data selection and analysis bias. Secondly, 
most events related aorta occurred in acute and sub-acute phase (within 30 
days). How to confirm the exact time for each IMH-B patient is required inves-
tigation. Finally, the two models need to be further improved and a large-scale 
randomized control trial is required. 

6. Conclusions 

1) MDAD > 45 mm, MDAHT > 10 mm, and IMH with PAU may be the in-
dependent risk predictors for uncomplicated IMH-B patients.  

2) In acute IMH-B, most adverse aorta related events occurred within 30 days.  
3) Invasive treatment may be the safe and effective way for high risk IMH-B 

patients. 
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Abbreviations 

TEVAR: thoracic endovascular aortic repair 
IT: invasive treatment 
MT: medical treatment 
IMH-B: Type B intramural hematoma 
PAU: penetrating aortic ulcer 
ULP: ulcer like projection 
CTA: computed tomography angiography  
AD: aortic dissection 
MDAD: maximum descending aortic diameter  
MDAHT: maximum descending aortic hematoma thickness 
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