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Abstract

Objective: To determine the outcomes of endovascular treatment (ET) of Type B Acute Aortic Syndrome (AAS) and factors related to 
mortality and Spinal Cord ischemia.

Methods: This was a retrospective cohort of complicated AAS patients who underwent endovascular treatment. The primary outcome 
variable was mortality rate and clinical outcomes. The secondary outcome variable was SCI.

Results: Overall, 32 patients were evaluated, 10 patients submitted to CM and 22 patients ET. 100% of the patients had arterial hypertension, 
with a higher prevalence of male gender (53.1%). There was a higher prevalence of acute aortic dissection Stanford B with 19 cases (59.4%). 
Among the 22 patients submitted to interventional therapy, most of them thoracic endoprosthesis (TEVAR), with 16 patients (72.7%). A logistic 
regression showed that refractory chest pain (HR = 9,57; p = 0.005), aortic diameter higher than 40mm (HR = 16.65; p < 0.001), chronic renal 
failure (CRF) (HR = 5.2; p = 0.009) and SCI (HR = 1.89; p = 0.029) were related to increased mortality rate. Otherwise, male gender (MG) (HR = 
17.20; p < 0.001), concomitant TEVAR + EVAR (HR = 3.88; p = 0.048), malperfusion (HR = 3.88; p = 0.038) and number of internal iliac patency 
(IIP) (HR = 6.52; p = 0.016) were associated to SCI.

Conclusion: This study concluded that refractory chest pain, aortic diameter higher than 40mm, CRF and SCI were related to increased 
mortality rate. MG, concomitant TEVAR + EVAR, malperfusion and number of IIP were associated to SCI.
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Analysis of the factors related to the early  
outcomes of Type B Acute Aortic Syndromes

Introduction

Acute Aortic Syndrome (AAS) includes acute aortic dissection, 
intra-mural haematoma (IMH), and penetrating aortic ulcer (PAU), 
which are all characterized by disruption of the medial layer of 
the aorta and have an inherent risk of imminent aortic rupture 
[1]. Among these three conditions, aortic dissection is the most 
common (62-88% of all patients with AAS), followed by IMH (10-
30%) and PAU (2-8%) [1-3]. In patients with AAS, 1-year survival 
is 81% and 5-year survival is 63% [4,5]. The initial management 
of patients with AAS is focused on the control of blood pressure to 
reduce aortic wall stress [6].

Acute complicated distal dissection requires urgent invasive 
treatment and thoracic endovascular aortic repair has become 
the treatment modality of choice because of favorable outcomes 
compared to open surgical repair. Intramural hematoma, 
penetrating aortic ulcers, and traumatic aortic injuries of the 
descending aorta harbor specific challenges compared to aortic  

 
dissection and treatment strategies are not as uniformly defined 
as in aortic dissection. Moreover, these lesions have a different 
prognosis [7].

Therefore, the main objective of this study was to assess the 
outcomes of endovascular treatment of complicated AAS, and the 
factors related to mortality rate and spinal cord ischemia.

Methods

The study was approved by the Ethical committee for research 
under the number 3.259.235. All patients treated in our institution 
consented to the use of anonymized and aggregate data linked to 
the data basis for the purposes of research. No further patient 
contact was required. This was a retrospective, consecutive cohort 
study of patients with AAS who underwent clinical management 
and / or endovascular repair in the Vascular and Endovascular 
Surgery Service between January 2011 and December 2018.
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Patient data were obtained from the service database using 
the Microsoft Access® software. The patients’ medical records 
were also consulted as necessary. Information regarding the 
surgical procedures was obtained from the service database and 
the patients medical records.

Patients who were admitted with acute aortic syndrome 
at the emergency room were included in this present study. All 
of them were initially submitted to best medical therapy, with 
aggressive blood pressure control and medications to stabilize 
the cardiac rate. If necessary, endovenous nitroprusside was 
administered, in order to best treat the arterial hypertension, 
which is very common in patients suffering from this condition. 
In the same way, endovenous metoprolol was also used, in order 
to stabilize and adequate cardiac rate, to avoid, tachycardia. The 
patients were stabilized at the emergency room. Once the acute 
aortic syndrome was suspected, the patients were submitted to an 
angiotomography, to contribute to the diagnosis of the acute aortic 
syndrome, and also to evaluate possible severe complications, 
such as visceral ischemia and aortic ruptures. Patients admitted 
with uncomplicated acute aortic syndrome were initially treated 
clinically, without intervention procedures. The only exclusion 
criteria was aortic dissection Stanford A, due to necessity of 
cardiovascular surgeon evaluation.

Aortic dissections are classified as complicated or 
uncomplicated. Complicated dissections are associated with 
increased mortality owing to poor organ perfusion, aortic rupture 
or impending rupture, refractory hypertension, persistent pain, 
expansion >1cm/year, or an overall aortic diameter of >5.5cm. In 
this cases, endovascular treatment was performed, despite clinical 
treatment administered initially. On the other hand, Stanford type 
A Intramural haematoma (IMH) involves the ascending aorta, 
with or without descending aortic involvement, whereas Stanford 
type B IMH do not involve the ascending aorta. Patients with IMH 
that evolved to poor organ perfusion, aortic rupture or impending 
rupture, refractory hypertension, persistent pain were submitted 
to endovascular treatment. Patients admitted with PAU were 
submitted to endovascular treatment in cases of persistent pain, 
an increase in lesion size, aortic expansion, or rupture [8].

After revisions of the angiotomography and arteriography 
of the procedures, the patients were classified according to the 
type of acute aortic syndrome, the type of procedure that was 
performed in each patient and the diameters of the aorta and 
anatomical segments.

Regarding the endovascular procedures and spinal cord 
protection, preoperative insertion of a cerebral spinal fluid 
drainage catheter is routine for all elective TEVAR procedures. 
For emergent TEVAR, lumbar drains are placed periperatively 
as needed if patients develop paraplegia or any signs of spinal 
cord ischemia. Proximal seal into the aortic dissection is achieved 
with a thoracic endograft, oversizing the endograft up to 10% of 
the aortic diameter proximal to the dissected segment in normal 
aorta, well as having a proximal aortic neck length, or proper 

landing zone. After deployment, post–balloon dilation is avoided 
due to the risk of retrograde type A dissection or aortic rupture. 
When malperfusion is the initial indication, extension of the 
aortic endograft distally to the celiac artery or selective branch 
vessel stenting may be necessary if downstream flow remains 
inadequate. The decision to stent branches is typically based on 
the clinical, rather than radiologic, severity of malperfusion.

The primary outcome variable was mortality rate and clinical 
outcomes. The secondary outcome variable were the factors 
related to spinal cord ischemia.

Statistical analyses were performed using SPSS 15.0 for 
Windows (SPSS Inc., Chicago, IL, USA). The frequencies of patients 
and descriptive statistics were calculated. The χ2 test or Student’s 
t test were used for univariate analyses. Mann-Whitney tests 
were used for nonparametric variables. Analysis of the variables 
were made by univariate and multivariate Logistic regression. 
Statistical significance was defined as a P value of < .05.

Results

Overall, 32 patients with acute aortic syndrome were 
evaluated. There were 10 patients submitted to clinical treatment, 
and 22 patients submitted to endovascular treatment. The 
analyses were performed at admission until hospital discharge, 
and 30 days post-operative.

The baseline clinical characteristics of the patients are 
described in Table 1. Regarding the baseline diseases, 100% of 
the patients had arterial hypertension, with a higher prevalence 
of male gender (53.1%), Chronic Pulmonary disease (53.1%), 
tobacco use and diabetes had a prevalence of 40.6%.

Table 1: Patient characteristics.

Variable Total (n = 32)

Age, years  65 ± 8.3

Males  17 (53.1%)

Hypertension  32 (100%)

Dyslipidemia  13 (40.6%)

Ischemic Heart disease  6 (18.8%)

Chronic renal failure  37 (39.4%)

Claudication  5 (15.6%)

Chronic Pulmonary disease  17 (53.1%)

Active Tobacco use  13 (40.6%)

Diabetes  13 (40.6%)

Regarding the type of AAS, there was a higher prevalence of 
acute aortic dissection Stanford B with 19 cases (59.4%), and the 
mainly indication for endovascular intervention was intractable 
chest pain with 87.5%. Furthermore, 6 (18.8%) patients presented 
with renal impairment, 2 patients (6.3%) with visceral ischemia 
and 3 patients (9.4%) with limb ischemia. There were two cases of 
immediate endoleak, 1 endoleak IA and 1 endoleak IB. Both cases 
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were prompt treated with endoprosthesis extension implantation. 
Those data are summarized on Table 2.

Table 2: Types of Acute Aortic Syndrome and baseline 
characteristics.

Variable Total (n = 32)

Stanford B aortic dissection  19 (59.4%)

Intramural Haematoma  10 (31.2%)

Penetrating Aortic Ulcer  3 (9.4%)

Refractory Chest Pain  18 (87.5%)

Aortic Dilatation  30 (93.8%)

Aortic Rupture  2 (6.3%)

Visceral Ischemia  2 (6.3%)

Renal Impairment  6 (18.8%)

Malperfusion  8 (25.1%)

1 internal iliac artery patency  4 (12.9%)

2 internal iliac artery patency  27 (87.1%)

Immediate Endoleak  2 (6,25%)

Endoleak I A  1 (3,125%)

Endoleak I B  1 (3,125%)

Late Endoleak  2 (6,25%)

Endoleak II  2 (6,25%)

Among the 22 patients submitted to interventional therapy, 
most of them were submitted to solely thoracic endoprosthesis 
(TEVAR), with 19 patients (86.4%). Three patients (13.6%) were 
submitted to both TEVAR and abdominal endoprosthesis (EVAR 

+ TEVAR), due to infra-renal aortic dilatation and abdominal 
pain, secondary to thoracic aortic dissection. These patients 
evolved with spinal cord ischemia (2 patients with paraplegia 
and 1 patient with paraparesis). Seventeen patients (77.3%) 
had spinal fluid drained for 48hs-72hs. Regarding left subclavian 
artery, there were 4 patients (18.1%) submitted to left subclavian 
artery coverage and 3 patients (13.6%) submitted to carotid-
subclavian bypass. Those data and the types of endoprosthesis 
used are summarized on Table 3. Regarding the distribution of 
the AAS among clinical treatment versus endovascular therapy, 
there was a higher prevalence of Stanford B dissection and PAU 
in the endovascular therapy group (p = 0.039) we have those data 
summarized on Figure 1.

Table 3: Types of endovascular therapy and surgical 
characteristics.

Variable Total (n = 22)

TEVAR  16 (72.7%)

TEVAR + EVAR  3 (13.6%)

TEVAR + carotid-subclavian bypass  3 (13.6%)

Spinal Fluid Drainage  17 (77.3%)

Left Subclavian artery coverage  4 (18.1%)

Mean length of prothesis coverage  185mm 

Types of endoprosthesis  

Gore TAG   7 (28.5%)

Medtronic Valiant Captivia   5 (14.3%)

Cook Zenith TX2   5 (14.3%)

Cook Zenith Alpha   5 (14.3%)

Figure 1: Distribution of the AAS among endovascular therapy and clinical treatment groups.

There were 8 patients (36.36%) with post-operative 
complications. There were 6 patients (27.27%) that evolved with 
post-operative renal impairment and three patients (13.6%) 
with spinal cord ischemia. The overall mortality rate was 15.6% 
(5 patients), 10% in the clinical treatment group and 18.1% 

in the endovascular therapy group (p = 0.352). Regarding the 
clinical treatment there was 1 death (10%), due to acute ischemic 
heart complications. In the endovascular therapy group, there 
were 4 deaths (18.1%), 1 patient died due to ischemic heart 
complications, 1 patient with pneumonia and 2 patients died due 
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to acute kidney failure.

The mean diameter of the aortic neck to allow a proximal 
endoprosthesis implantation was 31.83mm, and the mean length 
of the aortic neck was 15.97mm. The maximum mean diameter 
of the thoracic aorta was 50.61mm. Those data are summarized 
on Table 4.

A univariate and multivariate logistic regression was realized 
in order to evaluate the main factors related to mortality rate. 
Among several factors tested, refractory chest pain (HR = 9,57; p 
= 0.005, CI = 3.563–15.267), aortic diameter higher than 40mm 
(HR = 16.65; p < 0.001, CI= 1.341-18.272), chronic renal failure 
(HR = 5.2; p = 0.009, CI = 1.330–6.760) and spinal cord ischemia 
(HR = 1.89; p = 0.029, CI = 1.185–4.297) were related to increased 
mortality rate (Table 5).

Table 4: Aortic diameters measures (mean).

Variable Total (n = 32)

Diameters mm  

Proximal Aortic Neck 31.83±5.6

Proximal Aortic neck lenght 15.97±8.1

Maximum Aortic Diameter 50.61±11.3

Right Common iliac artery 12.76±0.8

Right external iliac artery 8.93±1.2

Right internal iliac artery 6.26±1.3

Left common iliac artery 12.57±6.3

Left external iliac artery 8.77±0.9

Left internal iliac artery 6.23±0.7

Table 5: Logistic regression analysis of factors associated with mortality rate.

Variable
Univariate analysis Multivariate analysis

B HR 95% CI P B HR 95% CI P

Chronic kidney failure 3.256 5.2 1.330-6.760 0.009 3.597 5.2 1.226-10.060 0.009

Spinal Cord ischemia 1.897 3.2 1.185-4.297 0.074 0.029 3.2 1.829-3.681 0.029

Refractory chest pain 2.592 9.57 2.680-9.851 0.005 3.592 9.57 3.563-15.267 0.005

Aortic Diameter > 40mm 5.546 16.65 1.341-18.272 0.001 4.564 16.65 4.311-18.294 0.001

Cardiac Disease 0.047 0.542 0.185-1.081 0.649 1.089 0.542 0.381-2.234 0.552

Malperfusion 0.185 0.266 0.763-3.803 0.485 0.185 0.245 1.464-2.429 0.465

Male Gender 1.889 3.234 1.908-9878 0.787 1.908 3.987 4313-3409 0.787

Type of acute aortic syndrome 1.098 4.989 0.345-9.879 0.897 1.989 4.989 0.345-9.879 0.897

Regarding Spinal cord ischemia, there were 6 cases in the 
total cohort (18.8%), 3 cases in the clinical treatment group and 
3 cases in the endovascular therapy group (30% versus 13.3%; p 
= 0,086). A univariate and multivariate logistic regression showed 
that male gender (HR = 17.20; p < 0.001, CI = 1.446–21.760), 

concomitant TEVAR + EVAR (HR = 3.88; p = 0.048, CI = 1.072–
4.188), malperfusion (HR = 3.88; p = 0.038, CI = 1.442–4.272) and 
number of internal iliac patency (HR = 6.52; p = 0.016, CI = 1.764-
11.429) were associated to spinal cord ischemia (Table 6).

Table 6: Logistic regression analysis of factors associated with spinal cord ischemia.

Variable
Univariate analysis Multivariate analysis

B HR 95% CI P B HR 95% CI P

Male Gender 2.328 17.200 1.446-21.760 0.001 2.266 17.200 1.384-32.060 0.001

TEVAR + EVAR1 2.328 3.880 1.072-4.188 0.048 2.293 3.88 1.363-4.569 0.048

Malperfusion 4.385 3.880 1.442-4.272 0.038 4.67 3.88 1.412-13.234 0.038

Aortic diameter > 40mm 3.058 3.580 1.285-5.081 0.073 3.897 3.58 1.491-4.234 0.073

Internal iliac artery patency 4.345 6.520 0.853-13.703 0.016 2.657 6.526 1.764-11.429 0.016

Lumbar puncture 5.678 7.980 1.758-10.713 0.980 2.890 8.908 4.768-12.489 0.989

Type of acute aortic syndrome 4.890 8.809 2.789-9.890 0.789 3.908 7.907 4.980-8.098 0.789

Left Subclavian coverage 2.000 1.074 1.261-2.739 0.060 2.144 1.085 1.261-2387 0.060

Length of endoprosthesis coverage2 2.144 1.980 1.387-4.587 0.073 2.980 1789 1.267-4789 0.073

1 – Concomitant TEVAR + EVAR

2 – Higher than 150mm or < 150mm of aortic coverage.
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Discussion

AAS diagnosis and optimal treatment remains a challenging 
clinical dilemma among vascular emergencies. Failure to recognize 
AAS, especially in patients without hypertension and typical chest 
pain, sometimes could explain why this syndrome is reported to be 
the primary cause of death in these patients [9,10]. In this cohort 
we present the results regarding patients with AAS admitted in 
the emergency room, submitted to both clinical therapy and 
endovascular therapy. Interventional therapy for AAS is indicated 
for complicated AAS, according to important guidelines [11-13]. 
Their recommendation class I is that uncomplicated SAA should 
be treated medically, followed by serial imaging surveillance. 
Thoracic endovascular aortic repair (TEVAR) should be considered 
for complicated SAA, recommendation class IIa. TEVAR aims at 
stabilization of the dissected aorta, to prevent late complications 
by inducing aortic remodelling processes. Acute type B aortic 
dissection is the result of a tear in the intimal arterial layer, which 
allows blood to propagate within the medial layer. This creates a 
flap, which divides the aorta into a true lumen, and a false lumen. 
The goal of medical therapy is to reduce systolic blood pressure 
between 100 and 120mm Hg and, when attainable, the heart rate 
below 60 beats/min. Two-year follow-up results indicated that 
TEVAR is effective (aortic remodelling in 91.3% of TEVAR patients 
vs. 19.4% of patients receiving medical treatment; P < 0.001); 
however, TEVAR showed no clinical benefit over medical therapy 
(survival rates: 88.9+3.7% with TEVAR vs. 95.6+ 2.5% with 
optimal medical therapy; P = 0.15). Extended follow-up of this 
study (INSTEAD-XL) recently showed that aorta-related mortality 
(6.9 vs. 19.3%, respectively; P = 0.04) and disease progression 
(27%.0 vs. 46.1%, respectively; P = 0.04) were significantly lower 
after 5 years in TEVAR patients compared with those receiving 
medical therapy only. No difference was found regarding total 
mortality [11,12]. Similarly in this present study, the indications 
for endovascular therapy were performed in patients with 
complicated AAS, due to malperfusion, aortic rupture and other 
complications, while patients with uncomplicated AAS were 
submitted to medical therapy.

The most common risk factor associated with AAS is 
hypertension, observed in 65-75% of individuals, mostly poorly 
controlled, associated with male gender, with 65% of cases, 
in the overall literature [13]. In this present study, all patients 
admitted with AAS had hypertension, poorly controlled and most 
of then were male. Similarly, among the AAS, there was a higher 
prevalence of acute aortic dissection Stanford B, followed by 
intramural haematoma and PAU. Regarding type of AAS in the 
overall literature, aortic dissection is the most common (62–88% 
of all patients with AAS), followed by IMH (10-30%) and PAU (2-
8%) [1-3].

Chest pain is the most frequent symptom of SAA in 80% 
of cases [14]. Abrupt onset of severe chest and/or back pain is 
the most typical feature. Refractory chest pain consists in one 
of the most common indications for TEVAR. In this present 

cohort, refractory chest pain and aortic dilatation were the main 
indication for TEVAR, followed by malperfusion syndrome and 
aortic rupture.

Most of patients submitted to endovascular therapy in this 
present cohort had TEVAR procedure as solely indication, in order 
to allow the closure of the ‘primary’ entry tear and of perforation 
sites in the descending aorta. The blood flow is redirected into 
the true lumen, leading to improved distal perfusion by its 
decompression. This mechanism may resolve malperfusion of 
visceral or peripheral arteries. Thrombosis of the false lumen will 
also be promoted, which is the initiation for aortic remodeling and 
stabilization. Few cases in this present study required abdominal 
endoprosthesis implantation as a concomitant procedure, due 
to abdominal dilatation and malperfusion syndrome. However, 
these patients evolved with spinal cord ischemia, a catastrophic 
complication of AAS. There are reports on literature showing 
spinal cord ischemia in 10-20% of patients with aortic abdominal 
aneurysm and concomitant thoracic aortic pathologies (type B 
dissection, penetrating aortic ulcer, thoracic aortic aneurysm) 
[15]. The increased risk of spinal cord ischemia in patients who 
require longer segments of aortic coverage, the deployment of 
multiple stent graft pieces and in patients who have a history of 
prior abdominal aortic replacement is well described in overall 
literature [16]. Since spinal cord blood supply is often segmental 
and dependent on collateral circulation, the need for more 
extensive aortic coverage interrupts an increasing number of 
intercostal arteries creating a higher risk of ischemia. Thoracic 
endovascular aortic repair (TEVAR) in the current era has become 
the dominant and minimally invasive treatment for type B 
complicated aorta dissection [17].

In this present cohort, the overall mortality rate was 15.6%, 
10% in the clinical treatment group and 18.1% in the endovascular 
therapy group (p = 0.352). Regarding Spinal cord ischemia, there 
were 6 cases in the total cohort (18.8%), 3 cases in the clinical 
treatment group and 3 cases in the endovascular therapy group 
(30% versus 13.3%; p = 0,086). European registry including 50 
patients demonstrated a 30-day mortality of 8% and stroke and 
spinal cord ischaemia of 8% and 2%, respectively for Stanford B 
dissection [18]. However, some series showed 30-day mortality 
rate of 21% [19].

Regarding the factors related to increased mortality rate in 
this paper, refractory chest pain (HR = 9,57; p = 0.005), aortic 
diameter higher than 40mm (HR = 16.65; p < 0.001), chronic renal 
failure (HR = 5.2; p = 0.009) and spinal cord ischemia (HR = 1.89; 
p = 0.029) were related to worsening prognosis. Among overall 
literature, the main predictors of IMH complications are persistent 
and recurrent pain despite aggressive medical treatment, difficult 
blood pressure control, ascending aortic involvement, maximum 
aortic diameter ≥50 mm, progressive maximum aortic wall 
thickness (>11 mm) and detection of organ ischaemia (brain, 
myocardium, bowels, kidneys, etc) [20,21].
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Multiple risk factors for the development of spinal cord 
ischemia after TEVAR have been identified. Patient risk factors 
include advanced age (> 70 years old), perioperative hypotension 
(e.g., mean arterial blood pressure <70 mmHg), renal insufficiency 
(creatinine >132 umol/L), hypertension, coverage of hypogastric 
artery, procedure urgency and degenerative aneurysms compared 
to non-aneurysm pathologies [22,23]. On the other hand, in this 
present study we have found that male gender (HR = 17.20; 
p < 0.001), concomitant TEVAR + EVAR (HR = 3.88; p = 0.048), 
malperfusion (HR = 3.88; p = 0.038) and number of internal 
iliac patency (HR = 6.52; p = 0.016) were associated to spinal 
cord ischemia. Malperfusion are related to hypotension and 
more severity disease, which plays an important factor in the 
development of spinal cord ischemia. Furthermore, in this present 
paper, there were 4 patients (18.1%) submitted to left subclavian 
artery coverage and 3 patients (13.6%) submitted to carotid-
subclavian bypass. The patients submitted to left subclavian 
artery coverage did not present with SCI, with no further 
complications. According to a recent meta-analysis, there is no 
significant difference in the rate of SCI between patients with and 
without left subclavian artery bypass (LSAB) [24]. Futhermore, 
LSAB itself carries a 10%-12% chance of complications (including 
brachial plexus, vagus nerve, left recurrent nerve, and thoracic 
duct injuries; neck hematoma; subclavian dissection; and stroke) 
[24].

There are some limitations regarding this paper. It is a 
retrospective analysis, with a not very large number of patients, 
with a single center experience. However, most of papers about 
AAS do not have a large simple size. Larger, prospective studies 
should be performed in order to evaluate the factors related to the 
outcomes of AAS diagnosis.

Conclusion

This study concluded that refractory chest pain, aortic 
diameter higher than 40mm, chronic renal failure and spinal cord 
ischemia were related to increased mortality rate. On the other 
hand, male gender, concomitant TEVAR + EVAR, malperfusion and 
number of internal iliac patency were associated to spinal cord 
ischemia.
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