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Introduction

Aortic intramural hematoma (IMH) is an entity belonging 
to acute aortic syndrome, with the symptom of acute severe 
chest pain. However, its pathological features differ from 
the aortic dissection (AD) or penetrating aortic ulcer (PAU). 
By the definition, IMH is characterized as a hematoma in 
the aortic media without open communication with the 
aortic true lumen via intimal invasion (1-5). It accounts for 

approximately 10–25% of acute aortic syndrome, primarily 
occurring in the descending aorta which is classified 
as type B IMH (1,2). Unlike emergent/urgent surgery 
recommended for type A IMH (6,7) aggressive medical 
treatment and careful clinical and imaging surveillance is 
indicated for type B IMH (1,5,8). However, there are still 
variety of adverse aortic-related events manifest in the 
later period. Estimated glomerular filtration rate (eGFR) 
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and the presence of proteinuria have been reported to 
independently improve the prediction of cardiovascular 
outcomes even in the general population (9,10), and 
poor baseline renal function is associated with acute 
type A IMH (11). There is a complex pathophysiological 
relationship between renal impairment and aortic IMH 
or dissection, but there are few studies of patients with 
type B IMH with respect to the association between 
kidney function and clinical outcomes. Hence, the present 
study was aimed at evaluating the prognostic validity 
of eGFR and presence of proteinuria for predicting 
adverse clinical events in patients with type B IMH. 
We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-2543).

Methods 

Patient characteristics

Data from January 2008 to December 2018 were 
retrospectively collected. The inclusion criteria were (I) 
patients diagnosed with type B IMH at admission to Peking 
University People’s Hospital, Beijing, China; (II) patients 
presenting severe chest pain or related symptoms; and (III) 
patients with computed tomography angiography (CTA) 
results identifying a crescentic or circular thickening of 
over 5 mm of the aortic wall without contrast enhancement. 
Exclusion criteria were (I) the patients that underwent 
emergent surgery at admission; (II) patients that died 
without being admitted to the ward for further treatment; 
(III) patients or their family members that abandoned 
treatment; or (IV) patients that failed to follow up or could 
not give accurate follow up CTA results. The diagnosis was 
established by CTA or transesophageal echocardiography 
(TEE) with severe chest pain. Regional thickness of the 
aortic wall of >5 mm in a crescent or circular shape without 
evidence of flow communication and limited to the aortic 
arch or descending aorta was defined as type B IMH.

Estimated GFR and proteinuria measurement

Serum creatinine and proteinuria were measured at admission 
and these data were retrospectively collected from patients’ 
medical records. Serum creatinine was measured by the 
SAO method (Creatinine Assay Kit, Maccura Biotechnology, 
China), using an auto-analyzer (Maccura AU5800, Maccura 
Biotechnology, China), and proteinuria was measured by the 

dipstick test with a Clinitek Atlas Urine Analyzer (Siemens 
AG, Germany). eGFR was calculated by The Chronic 
Kidney Disease Epidemiology Collaboration (CKD-EPI) 
creatinine-based equation (12,13). Because serum creatinine 
and proteinuria levels were included in basic metabolic panel 
and urinalysis (UA) which were the routine laboratory tests 
for patients with type B IMH, every patient had available 
data of serum creatinine and proteinuria levels.

Treatment and surveillance

Following the 2014 European Society of Cardiology 
Guidelines (ESCG 2014) on the diagnosis and treatment 
of aortic diseases (1), patients underwent aggressive 
medical therapy (blood pressure control and pain relief) 
with careful surveillance once the diagnosis of type B IMH 
was confirmed. Most patients were taking two to three 
antihypertensive medicines including calcium antagonists, 
β-blockers and angiotensin-converting enzyme inhibitors/
angiotensin receptor blockers. CTA surveillance was 
routinely performed 2 weeks after the initial diagnosis was 
confirmed. Additional CTA scanning was conducted once 
there was any sign of possible complications arose. 

Clinical follow up and CTA evaluation

When discharged, patients were informed to schedule a 
clinical follow-up and CTA surveillance 3 months later at 
least, 6 months later, and every year thereafter for best. 
Moreover, a follow-up visit was recommended any time a 
new or repeat episode of discomfort manifested.

Main outcome measures

Adverse aortic-related events were defined by a composite 
of satisfaction of criteria for surgical intervention (with or 
without actual surgical intervention) and death from aortic 
rupture during hospital stay and follow-up. The surgical 
indications were refractory hypertension, recurrent pain, 
progression (hematoma expansion, aneurysm or dissection), 
malperfusion leading to end-organ ischemia, or rupture. 
In addition, the hematoma expansion was defined as the 
apparent increase in maximum diameter of the hematoma 
based on comparing the initial and last CTA.

Statistical analysis

The categorical variables are presented as numbers, 
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compared using the chi-square test or Fisher’s exact test as 
appropriate. Continuous variables are presented as the mean 
± standard deviation, compared using unpaired Student’s t 
tests. Owing to the abnormal distribution (Kolmogorov-
Smirnov test) of D-dimer level, platelet count, blood urea 
nitrogen (BUN) and eGFR, a non-parametric test (Mann-
Whitney U test) was used. To determine independent risk 
factors for adverse aorta-related events during the follow-up 
period, the logistic regression was used. To evaluate the risk, 
the following potential variables (converting continuous 
variable into categorical variable) were mentioned: 
D-dimer >500 mg/L (14), white blood cell (WBC) count  
>10×109/L (the reference value), eGFR <90 mL/min/ 
1.73 m2 (the reference value), and ulcer-like projection 
(ULP). Variables with probability values <0.05 on univariate 
analysis were assessed in the multivariate analysis. For 
additional comparison of the prognostic values of eGFR 
<90 mL/min/1.73 m2 and additional positive proteinuria, 
the variables eGFR <90 mL/min/1.73 m2 and eGFR  
<90 mL/min/1.73 m2 and proteinuria (+) were estimated 
by univariable analysis. Furthermore, these variables with 
ULP together respectively were estimated by multivariable 
analysis using logistic analysis. The C-statistic index was 
calculated to evaluate the prognostic value of additional 
eGFR or eGFR and proteinuria data to the model of ULP 
data alone with respect to adverse aortic-related events. 
The discrimination and increased discriminative value were 
analyzed by the Delong method. All results with P<0.05 
were considered statistically significant.

All of the aforementioned analyses were performed using 
SPSS Statistic, version 19.0 software (IBM Corp., Armonk, 
NY, USA), and MedCalc Statistical Software version 18.6 
(MedCalc Software bvba, Ostend, Belgium). 

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Institutional Research Ethics Board 
of Peking University People’s Hospital (No. 2015-59) and 
individual consent for this retrospective analysis was waived. 

Results

Patient characteristics and clinical outcomes

From January 2008 to December 2018, 73 patients were 
diagnosed with type B IMH at admission to Peking 

University People’s Hospital; 61 patients were included in 
the present study and 12 patients were excluded (2 patients 
underwent emergency surgery at admission, 1 patient died 
without being admitted to the ward for further treatment, 
2 patients or their family members refused abandoned 
treatment at the emergency room, and 7 patients did not 
follow up or accurate follow-up CTA results could not be 
given) (see Figure 1).

Of the 61 type B IMH patients, 44 (72%) were men and 
17 (28%) were women with a mean age of 57±9 years. The 
mean clinical follow-up duration was 167.3 weeks (range, 
1–481 weeks), and the mean duration between admission 
and the last follow-up CTA scan was 44.2 weeks (range, 
1–158 weeks). After initial medical therapy, 36 patients 
experienced adverse aortic-related events during a hospital 
stay or follow-up period, and the mean time of aortic event 
occurrence was 4.2 weeks. Of these patients, 1 (2.8%) died 
of aortic rupture, 24 (66.7%) underwent endovascular or 
surgical repair (8 (33.4%) for localized AD, 11 (45.8%) 
for ULP progression, 2 (8.3%) for aortic aneurysm, and 
3 (12.5%) for hematoma expansion), and 11 (30.6%) had 
significant hematoma expansion without aortic repair 
(patients refused). Patients were separated in two groups 
by the occurrence of aortic-related events; WBC count, 
eGFR, and ULP from initial laboratory tests or initial CTA 
were significantly different between groups. More detailed 
clinical characteristics of both groups are listed in Table 1. 

Risk factors of adverse aortic-related events

The results of univariate and multivariate analysis for 
risk factors of adverse aortic-related events are listed in  
Table 2. ULP (OR, 17.516; 95% CI: 3.322–92.258; P=0.001) 
and eGFR <90 mL/min/1.73 m2 (OR, 8.726; 95% CI: 
1.711–46.144; P=0.009) were confirmed as independent risk 
factors of aortic-related events. 

Estimated GFR levels and proteinuria

The patients with adverse aortic-related events had 
significantly lower eGFR level than patients without, 
Furthermore, the result of univariate and multivariate 
analysis of eGFR <90 mL/min/1.73 m2 (reference value) 
and eGFR <90 mL/min/1.73 m2 and proteinuria (+) added 
ULP respectively are listed in Tables 3 and 4 respectively, 
and patients with eGFR <90 mL/min/1.73 m2 & proteinuria 
(+) (OR, 8.344; 95% CI: 1.226–56.779; P=0.030) had 
greater rates of adverse aortic-related events than those 
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without decreased eGFR level or positive proteinuria. In 
addition, the C-statistic of these two variables over the ULP 
alone is listed in Table 5. eGFR <90 mL/min/1.73 m2 and 
proteinuria (+) revealed a significantly increased C-statistic 
(C-statistic, 0.860; 95% CI: 0.777–0.952; P=0.039) which 
indicated the incremental prognostic value over the ULP 
(C-statistic, 0.815)

Discussion

The present study suggested the clinical importance 
of eGFR and presence of proteinuria in evaluation of 
patients in type B IMH. The key findings of our study 
were as follows: eGFR <90 mL/min/1.73 m2 and positive 
proteinuria in initial laboratory test had independent 
association with adverse aortic-related events; and eGFR 
with proteinuria measurement improved prognostic value 
over the ULP alone.

Although eGFR<90 mL/min/1.73 m2 or positive 
proteinuria alone did not have statistical significance 
with adverse aortic-related events in the present study, 
type B IMH patients with both abnormal index [eGFR  

<90 mL/min/1.73 m2 and proteinuria (+)] were at high 
risk of poor prognosis. Furthermore, several meta-analysis 
studies indicated that the combination of eGFR and 
proteinuria measurement had stronger value in predicting 
cardiovascular outcomes (9,10) than did either index alone. 
The combination of both abnormal indexes might evaluate 
the value of impaired kidney function more accurately or 
indicate it was not a transient impairment. 

Decreased eGFR and positive proteinuria are the two 
measurements reflecting the impaired individual’s kidney 
function. Patients with both disorders can be considered 
with progression-risk of chronic kidney disease (15); in 
addition, most (73.8%) patients in the present study had 
hypertension, the risk factor of CKD (16). Various studies 
and collaborative meta-analyses show that eGFR and 
positive proteinuria comprise an independent predictor 
for various cardiovascular outcomes even with mild  
anomaly (9,10,15,17).

According to the European Society of Cardiology 
guidelines, the recommended immediate-treatment for 
type B IMH is aggressive blood pressure control and beta 
blockers. However, impaired kidney function can activate 

73 patients 

compliance with 

inclusion critiria

61 patients were 

included into this 

study

Clinical & CTA 

follow-up

Aortic event (+)

36 patients

Aortic event (−)

25 patients

Data analysis

2 patients underwent emergent surgery at admission

1 patient died without being admitted to the ward

2 patients abandoned treatment

7 patients lost to follow up or can not give accurate CTA

12 patients
were excluded

Figure 1 Patients selection of type B aortic intramural hematoma.
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the renin-angiotensin system (18), concentrate plasma 
level of homocysteine (19) and symmetric dimethylarginine 
(SDMA), which is the complete inhibitor of nitric 
oxide synthase (18,20), and eventually induce refractory 
hypertension. Therefore, sustained hypertension or the 
fluctuating blood pressure, making an already diseased 
aortic intima more vulnerable, is identified as a predictor 
of IMH complications (1-3). In addition, hypertension 
is associated with AD due to intimal tearing from high-

pressure blood flow (1,2). This could explain that patients 
with deceased eGFR and positive proteinuria were prone 
to adverse outcomes, especially the occurrence of AD or 
rupture. 

Lately, inflammation has been proposed to be involved 
in arterial media damage, as a sign associated with acute 
aortic syndrome (21). Moreover, inflammation plays a 
pathological role in outcomes of aortic diseases (22). 
From the present study, the initial WBC counts, as the 

Table 1 Patient characteristics

Characteristic
Aortic event

Yes (n=36) No (n=25) P value

Age (years) 58±10 56±8 0.558

Men (n) 27 (75.0) 17 (68.0) 0.549

Hypertension (n) 24 (66.7) 21 (84.0) 0.223

Diabetes mellitus (n) 2 (5.6) 1 (4.0) 1

Previous Stroke (n) 1 (2.8) 1 (4.0) 1

CHD (n) 2 (5.6) 1 (4.0) 0.508

COPD (n) 2 (5.6) 0 (0) 0.508

Smoking (n) 22 (61.1) 9 (36.0) 0.054

Systolic BP at the third day after admission 
>120 mmHg

13 (36.1) 5 (20.0) 0.181

Initial laboratory test

WBC (109/L) 10.92±2.24 9.24±3.34 0.022

Platelet (109/L) 231.5 (188.0–674.0) 197.0 (150.5–319.0) 0.232

D-dimer (mg/L) 1027.5 (530.5–2,082.5) 346.0 (159.0–674.0) 0.001

Blood glucose (mmol/L) 6.20±1.33 6.36±2.08 0.634

Blood urea nitrogen (mmol/L) 5.48 (4.10–7.25) 5.11 (3.75–5.88) 0.232

Serum creatinine (μmol/L) 93.42±87.26 63.68±17.84 0.02

eGFR (mL/min/1.73 m2) 87.4 (74.4–102.0) 98.9 (90.5–108.65) 0.003

Albuminuria + (n) 15 (41.7) 4 (16.0) 0.065

Initial CTA

Duration of the symptom to the first CTA 
obtained (d)

1.4±0.6 1.4±0.7 0.633

Max. of affected aorta (mm) 41.31±6.25 40.31±6.39 0.545

Max. of hematoma (mm) 9.80±2.26 9.00±3.03 0.246

Max. of hematoma >10 mm (n) 18 (50.0) 7 (28.0) 0.086

ULP (n) 27 (75.0) 3 (12.0) <0.001

CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; BP, blood pressure; WBC, white blood cell; eGFR, estimated 
glomerular filtration rate; ULP, ulcer-like projection.
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Table 2 Univariate and multivariate analysis of predictors of adverse aorta-related events

Variable
Univariate analysis Multivariate analysis

OR 95% CI P value OR 95% CI P value

ULP 22.00 5.303–91.267 <0.001 17.516 3.322–92.358 0.001

WBC >10×109/L 2.489 0.870–7.124 0.089 1.197 0.262–5.461 0.817

D-dimer >500 mg/L 5.333 1.755–16.212 0.003 5.035 1.003–25.272 0.050

eGFR <90 mL/min/1.73 m2 3.539 1.146–10.926 0.028 8.726 1.711–46.144 0.009

*, logistic regression analysis. OR, odds ratio; CI, confidence interval; ULP, ulcer-like projection; eGFR, estimated glomerular filtration rate.

Table 3 Univariate analysis of different kidney variables

Variable
Univariate analysis

OR 95% CI P value

eGFR <90 mL/min/1.73 m2 3.539 1.146–10.926 0.028

eGFR <90 mL/min/1.73 m2 & albuminuria (+) 7.318 1.488–35.984 0.014

*, logistic regression analysis. OR, odds ratio; CI, confidence interval; eGFR, estimated glomerular filtration rate.

Table 4 Multivariate analysis of different kidney variables with ULP

Variable
Multivariate analysis

OR 95% CI P value

Modle1

ULP 11.294 2.364–53.957 0.002

eGFR <90 mL/min/1.73 m2 4.014 0.896–17.989 0.069

Modle 2

ULP 13.760 2.754–65.760 0.001

eGFR <90 mL/min/1.73 m2 & albuminuria (+) 8.344 1.226–56.779 0.030

*, logistic regression analysis. OR, odds ratio; CI, confidence interval; ULP, ulcer-like projection; eGFR, estimated glomerular filtration rate. 

Table 5 Increment value of different kidney variables over ULP

Aortic-related event C-statistic 95% CI P value

ULP 0.815 0.702–0.928 Reference

+eGFR <90 mL/min/1.73 m2 0.758 0.632–0.859 0.308

+eGFR <90 mL/min/1.73 m2 & albuminuria (+) 0.860 0.777–0.952 0.039

*, C-statistic analysis. CI, confidence interval; ULP, ulcer-like projection; eGFR, estimated glomerular filtration rate.
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robust and simple inflammatory index, were indeed 
different between patients with aortic-related events and 
those without. Decreased eGFR or even an early stage 
of CKD causes changes in plasma components, or even 
gut microbiota makes the metabolic uremic toxin trigger 
or sustain systemic inflammation (18,23). Along with the 
effect of impaired kidney function, the local inflammatory 
reaction initially caused by hematoma formation might 
be amplified or sustained. Furthermore, the study of Kitai 
et al. suggested that the sustained elevated inflammatory 
biomarker-C-reactive protein level was a strong risk factor 
with adverse aortic-events in acute IMH (24). In addition, 
these inflammatory factors themselves may further impair 
the renal function in turn, and with the possible effect of 
renal artery malperfusion from the hemodynamic change in 
IMH, they might lead to a vicious circle.

Furthermore, other plausible mechanisms linking 
impaired kidney function with adverse progression of type 
B IMH include oxidative stress, and abnormal calcium-
phosphate metabolism inducing vascular calcification 
and lipoprotein increasement (18). Notably, proteinuria 
itself is linked with endothelial dysfunction and vascular  
d a m a g e  ( 2 5 ) .  T h e r e f o r e ,  p a t i e n t s  w i t h  e G F R  
<90 mL/min/1.73 m2 and proteinuria (+) might accelerate 
the atherosclerosis change in the aorta, which is prone to 
ULP development and might lead to IMH expansion or 
aneurysm dilation (26). As mentioned, ulcer-like projection 
as small ulcers associated with IMH has been reported as 
a high-risk factor for poor outcomes by previous studies 
(1,27-30). In addition, from a previous study on IMH, the 
factors related to IMH evolution including a maximum 
aortic diameter of > 40 mm, hematoma thickness of  
>10 mm (31) and ULP (1,27-30) from imaging are all 
associated with instability of the aortic wall which induces 
aneurysmal evolution in IMH. Bolomey et al. also found that 
aortic diameter of >40 mm and at least one ULP comprised 
strong predictors of aortic related events (32). However, 
maximum aortic diameters and hematoma thickness of  
>10 mm have no statistical significance associated with 
adverse aortic related events in the present study due to 
limited sample size.

However,  that eGFR <90 mL/min/1.73 m2 and 
proteinuria (+) had an increment prognostic value over 
the ULP was indicated in the present study from the 
analysis results. Therefore, in some cases, the impaired 
kidney function was not just only associated with the ULP 
development, but it might play an independent role in 
poor prognosis of type B IMH. Additional studies should 

be undertaken to illuminate the exact mechanism of the 
association between impaired kidney function and adverse 
aortic-related events in type B IMH. Based on the results 
of the present study, it is suggested herein that the initial 
eGFR and proteinuria should be both be evaluated to 
predict the patients with high risk in type B IMH.

Study limitations

Several limitations existing in the present study should be 
acknowledged. First, this study at a single medical center of 
a small cohort might have data migration that affected the 
evaluation of the disease itself. Second, the time of follow-
up CT scans might affect the detection of adverse aortic-
related events and ULP. Some hematoma expansion, AD, 
or ULP might not have been detected by earlier follow-
up. Third, due to the retrospective nature of the present 
study, proteinuria was only measured by dipstick without 
quantitative measurement, and continuous blood creatinine 
or proteinuria levels were not tested in all patients or 
were tested on different days post-admission. The change 
of renal function during a hospital stay could not be 
further analyzed. And. Fourth, 11 patients had significant 
hematoma expansion and refused to undergo aortic repair, 
and the follow up visit was stopped after they refused 
further treatment. Therefore, the different levels of renal 
function were not assessed due to the lack of proteinuria 
quantitative measurement and the small cohort.
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