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Background: Aortic rupture is one of the main causes of early death in acute and subacute Stanford type
A aortic dissection (ATAAD) patients. This study aimed to analyze potential risk factors for pre-operational
aortic rupture in ATAAD patients.

Methods: We retrospectively reviewed aortic dissection cases treated between May 2013 and May 2016 in
Changhai Hospital, Shanghai. A total of 329 patients with ATAAD were included in the final analysis, and
31 patients died of aortic rupture before surgery. Clinical data on basic characteristics, clinical presentation,
and biochemical measurements for all 329 patients were analyzed.

Results: The in-hospital aortic rupture rate was 9.4% (31/329), and the rupture accounted for 47%
(31/66) of all in-hospital deaths of ATAAD patients. Patients who experienced rupture were significantly
older (P<0.001), had lower systolic blood pressure (P=0.040), had more painful manifestation (P<0.001), had
more systematic complications [shock (P=0.001), coma (P<0.001), hypoxemia (P=0.006), kidney and liver
dysfunctions, and myocardial injury (higher troponin, P=0.009)], and had worse blood coagulability [lower
platelet count (P=0.012), longer prothrombin time (P<0.001), and higher D-dimer (P=0.003)]. Multivariable
analysis identified the following independent risk factors: shock [odds ratio (OR): 8.12; 95% confidence
interval (CI), 1.10-59.85, P=0.040], pain requiring medication (OR: 12.67; 95% CI, 2.43-66.09; P=0.003),
troponin level >0.7 ng/mL (OR: 9.28; 95% CI, 1.72-50.06; P=0.010), and D-dimer level >10 pg/mL (OR:
13.37; 95% CI, 2.18-81.97; P=0.005).

Conclusions: Aortic rupture accounted for 47% of all in-hospital deaths among patient with ATAAD.
Shock, pain requiring medication, a troponin level >0.7 ng/mL and a D-dimer level >10 pg/mL are

independent risk factors for aortic rupture in these patients.
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Introduction Without timely surgical repair, ATAAD can quick lead

L . to fatal conditions including aortic rupture and multi-
Acute and subacute Stanford type A aortic dissection g p

(ATAAD), a vascular emergency characterized by abrupt organ malperfusion. Despite current advances in ATAAD

onset and catastrophic outcome, remains a major challenge diagnosis and treatment, the early mortality rate remained

for both cardiovascular surgeons and hospitals, although the at 25.4% and the 1-year mortality at 37.4% in the United
reported incidence of ATAAD is low (3.5 to 6/100,000) (1,2). States in 2011 (3). Previous research has suggested some
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pre- and peri-operative factors associated with ATAAD
mortality, including preoperative ST-elevation, older age,
abrupt onset of chest pain, hypotension, pulse deficit, as
well as comatose state (4-6). More recent reports also noted
that biochemical parameters, including levels of D-dimer,
white blood cell count, N-terminal pro-brain natriuretic
peptide, and serum lactic acid level, were associated with
ATAAD mortality (7-10).

Among all causes of mortality in cases of ATAAD, aortic
rupture is the most dangerous one, accounting for one-third
of deaths reported in patients treated conservatively without
surgery (6). Afifi et al. recently reported not only a lower
short-term survival rate, but also a lower long-term survival
rate in ATAAD patients who experienced frank rupture (11).
However, current research has provided scarce data on the
potential factors associated with the risk of rupture in ATAAD.
Therefore, this study aimed to investigate the potential risk
factors associated with aortic rupture in ATAAD patients.

Methods
Patients

Between May 2013 and May 2016, a total of 329 patients
diagnosed with ATAAD in the Department of Cardiothoracic
Surgery of Changhai Hospital, Shanghai were recruited for
this study. A retrospective review of their medical records was
performed. This study was approved by the Committee on
Ethics of Biomedicine Research, Second Military Medical
University, Shanghai No. SMMUEC2015-46).

Data collection

A standardized form was used to collect clinical information.
Data included patient demographics, history of disease, type
of dissection according to the Stanford classification, time
of onset, admission date, operation parameters, and cause
of death was recorded. Other peri-operational parameters
including blood pressure, heart rate, and biochemical test
results were also recorded.

Definitions and measurements

In this study, all patients were diagnosed by computed
tomography angiography (CTA) examination of the aorta.
The Stanford type A aortic dissection was defined when the
dissection involved the ascending aorta (12). The acute and
subacute phrases were defined if the time from the onset of
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the symptoms to admission in our center was less than 14 days.
According to the medical record, aortic rupture in ATAAD
was defined if these clinical manifestations were demonstrated:
sudden loss of consciousness, autonomous cessation of
breathing, loss of pulse, and gradual stopping of heartbeat.
Blood samples were obtained within 2 hours after admission;
otherwise, the tested values were defined as missed. The pain
assessment on admission was scored according to a range from
0 to 10, where ‘0’ meant painless and ‘10’ meant the most
severe pain. In this study, we graded pain in four categories: ‘0’
meant painless (matching the 0 score in the medical record),
‘1’ meant slight pain (matching 1 or 2 score, analgesic was not
required), ‘2’ meant pain must be managed (matching 3-10),
and ‘3’ meant recurrent pain within 3 hours after pethidine
intramuscular injection with dosing according to body weight
(1 mg/kg). Shock was defined by a record of systolic blood
pressure less than 80 mmHg after the onset of symptoms.
Respiratory failure was defined by the requirement and use of
ventilator support. D-dimer levels were measured using a STA-
Evolition (Diagnostica Stago, France). Troponin levels was
measured using a Beckman Access II (Beckman Coulter, USA).

Statistical methods

Statistical analyses were performed with SAS software (version
9.3, SAS Institute, Inc., Cary, NC, USA). Continuous variables
were presented as mean = standard deviation (SD) or median
and interquartile ranges, dependent on distribution normality.
Missing values were replaced by either mean or median value
of the variables dependent on their distribution. Comparison
of continuous variables between two groups was conducted
by Student’s #-test when variables were normally distributed.
When variables were not distributed normally, Wilcoxon
rank sum test was used. Categorical variables were presented
as proportions and analyzed with K. Pearson chi-square tests
or Fisher-Irwin test. To identify risk factors associated with
the risk of rupture, significant variables were first detected
by simple logistic regression analysis and further analyzed in
stepwise multivariable logistic regression. Odds ratio (OR)
and 95% confidence interval (95% CI) were calculated to
assess the association. All P values were two-side, and statistical
significance was considered when P was less than 0.05.

Results
Patient characteristics

Among the total of 329 patients with ATAAD (Figure 1),
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Figure 1 Flow chart of patients over study period.

31 patients experienced aortic rupture and died. In the non-
ruptured group (n=298), 247 patients underwent surgery,
and 51 patients underwent conservative treatment due to
economic reasons or multi-organ dysfunction. A total of
66 patients died in the hospital due to ATAAD, and the
overall in-hospital mortality of ATAAD was 20.0%. Rupture
accounted for 47% of the cases of death in the hospital.
The patients in the ruptured group were significantly older
(60.2+13.1 vs. 50.1£12.8 years; P<0.001; Table 1). There
were no significant differences in the gender proportion,
time from onset to surgery/death, or history of disease
between the ruptured and non-ruptured groups. Among
the 31 patients with rupture, 6 (19.4%) patients developed
rapture within 3 hours on admission, 8 (25.8%) patients
experienced rupture during the midnight waiting for
surgery on the coming day, 9 (29.0%) patients refused
surgery, and 8 (25.8%) patients had severe complications
including coma and multi-organ failure such as respiratory,
liver and kidney failure, abdominal pain and bloody stool.
Therefore, conservative treatments were chosen.

Clinical presentation of ATAAD upon admission

The details of the clinical presentation of ATAAD patients
upon admission to the hospital are presented in Zable 2. The
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ruptured group had a lower systolic blood pressure than the
non-ruptured group (135.1£23.0 vs. 122.3£32.4 mmHg,
P=0.040). Pain assessment was also compared between the
two groups. Overall, anodyne was required in 80 (24.3%)
ATAAD patients, and a significantly higher proportion of
patients in the ruptured group (19/31, 61.3%) than in the
non-ruptured group (61/298, 20.5%; P<0.001; Table 2)
required anodyne. There were also fewer patients with aortic
regurgitation by ultrasonic cardiography in the ruptured
group (46.3% wvs. 16.1%, P=0.001). Compared to the non-
ruptured group, the ruptured group had higher incidences
of shock (22.6% vs. 3.7%; P=0.001), coma (16.1% uvs.
1.0%; P<0.001), and deficit limb pulse (18.1% % wvs. 41.9%;
P=0.002).

Biochemical results

The differences in the biochemical results are presented in
Table 3. In the arterial blood gas analysis, oxygen pressure
was significantly higher in the non-ruptured group
[90 mmHg (74-132) mmHg] than in the ruptured group
[71 mmHg (64-101) mmHg], P=0.006]. As expected, more
patients had hypoxemia in the rupture group (74.2% uvs.
37.6%, P<0.001). The rupture group also had significantly
higher lactate levels compared to the non-ruptured group
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Table 1 Basic demographic and clinical characteristics in 329 ATAAD patients
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Variables Overall (n=329) Non-ruptured (n=298) Ruptured (n=31) P
Male 262 (79.6) 239 (80.2) 23 (74.2) 0.135
Age, years 51.1£13.1 50.1+12.8 60.2+13.1 <0.001
Age =60 years 89 (27.1) 71 (23.8) 18 (58.1) <0.001
BMI, kg/m® 25.0 (22.9-27.6) 24.9 (22.9-27.8) 25.0 (23.4-27.5) 0.969
Time range’
Time 1, hours 16 [9-42] 17 [10-48] 12 [8-24] 0.136
Time 2, hours 15.5 [7-30] 15 [8-26] 16 [4-59] 0.559
Time 3, hours 35 [21-94] 35 [21-96] 33 [13-94] 0.408
Comorbid conditions
Hypertension 217 (66.0) 199 (66.8) 18 (58.1) 0.333
Smoking 144 (43.8) 136 (45.6) 8 (25.8) 0.034
Diabetes 10 (3.0) 9 (3.0) 13.2) 1.000
Peptic ulcer 9(2.7) 8(2.7) 13.2) 0.594
COPD 3(0.9) 3(1.0) 0 (0) 0.742
Coronary heart disease 8 (2.4) 7 (2.3) 1(3.2) 0.551
Immunosuppressant use 3(0.9) 3(1.0) 0(0) 1.000
Warfarin use 8 (2.4) 8(2.7) 0 (0) 1.000
Previous PCI 4(1.2) 4(1.3) 0 (0) 1.000
Previous CVD surgery 30 (9.1) 27 (9.1) 3(9.7) 0.753
Mortality 66 (20.1) 35 (11.7) 31 (100) -

Data were presented as mean + SD or median (interquartile range), categorical variables were presented as number (%). *, Time 1: time
from onset to admission; Time 2: time from admission to surgery or death; Time 3: time from the onset to surgery/death. ATAAD, acute
and subacute Stanford type A aortic dissection; COPD, chronic obstructive pulmonary disease; PCI, percutaneous coronary intervention;

CVD, cardiovascular disease.

(P=0.016). More importantly, the platelet and blood
coagulability test results demonstrated that the rupture group
had a significantly lower platelet count (P=0.012), longer
prothrombin time (P<0.001), and higher D-dimer level
[ruptured: 16.00 (9.44-16.00) pg/mL vs. non-ruptured: 6.12
(2.72-16.00) pg/mL; P=0.003]. Kidney and liver function
tests also showed that the ruptured group had higher serum
urea nitrogen, creatinine, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and troponin levels,
indicating more severe systematic multi-organ injury. No
differences were found in the white blood cell count or
total bilirubin, creatine kinase-MB (CK-MB), or C-reactive
protein (CRP) levels between the ruptured and non-
ruptured groups.

The dose-time distribution curves for the D-dimer of
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the 329 patients are also presented (Figure 2). The D-dimer
level reached a peak level in 8-12 hours after onset and then
gradually decreased over the next 14 days.

Multivariate analysis for predictors of ATAAD in-hospital
rupture

Multivariable analysis on all of these significantly different
factors using stepwise selection was used to identify
significant variables associated with aortic rupture in
ATAAD patients (Table 4). Four independent risk factors
were identified: shock (OR: 8.12; 95% CI, 1.10-59.85,
P=0.040), pain requiring medication (OR: 12.67; 95%
ClI, 2.43-66.09; P=0.003), a troponin level >0.7 ng/mL
(OR: 9.28; 95% CI, 1.72-50.06; P=0.010), and a D-dimer

J Thorac Dis 2017;9(12):4979-4987



Journal of Thoracic Disease, Vol 9, No 12 December 2017 4983
Table 2 Clinical manifestations upon hospital admission in 329 ATAAD patients
Variables Overall (n=329) Non-ruptured (n=298) Ruptured (n=31) P value
Vital signs
Systolic pressure, mmHg 133.9+24.3 135.1£23.0 122.3+32.4 0.040
Diastolic pressure, mmHg 72.9+18.6 73.2+18.4 69.5+20.3 0.283
Heart rate, BPM 82 [71-96] 82 [71-94] 86 [76-103] 0.123
Sa0,, % 98 [95-99] 98 [96-99] 98 [95-99] 0.817
Pain assessment”
0 124 (37.7) 119 (39.9) 5(16.1) <0.001
1 125 (38.0) 118 (39.6) 7 (22.6)
2 73 (22.2) 56 (18.8) 17 (54.8)
3 7@2.1) 5(1.7) 2 (6.5)
Pain requiring medication (2 and 3) 80 (24.3) 61 (20.5) 19 (61.3) <0.001
Aortic regurgitation 143 (43.5) 138 (46.3) 5(16.1) 0.001
Shock 18 (5.5) 11 (3.7) 7 (22.6) 0.001
Coma 8(2.4) 3(1.0) 5(16.1) <0.001
Hemiplegia 7(2.1) 4(1.3) 3(9.7) 0.021
Respiratory failure 11 (3.3) 7 (2.3) 4(12.9) 0.013
Pericardial effusion 44 (13.4) 40 (13.4) 4(12.9) 1.000
Pleural effusion 32 (9.7) 29 (9.7) 3(9.7) 0.992
Deficit limb pulse 67 (20.7) 54 (18.1) 13 (41.9) 0.002

Data are presented as mean = SD or median (interquartile range), categorical variables are presented as number (%). ¥, means ‘0’ meant
painless, ‘1’ meant slight pain, analgesic was not required, ‘2’ meant pain must be managed and ‘3’ meant recurrent pain within 3 hours
after pethidine intramuscular injection with dosing according to body weight (1 mg/kg). ATAAD, acute and subacute Stanford type A aortic

dissection; BPM, beats per minute; Sa0O,, arterial oxygen saturation.

level 210 pg/mL (OR: 13.37; 95% CI, 2.18-81.97; P=0.005).

Discussion

This study described the clinical characteristics of acute
and subacute type A aortic dissection and proposed the
potential risk factors for aortic rupture. The in-hospital
aortic rupture rate was 9.4%, and the rupture accounted
for 47% of in-hospital deaths among ATAAD patients.
The patients who experienced rupture were older, had
lower systolic pressure, had more painful manifestation,
had more systematic complications, and had worse blood
coagulability. We propose that a presentation of shock, pain
requiring medication, and higher levels of troponin and
D-dimer is independently associated with rupture in cases

of ATAAD.
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In this study, the in-hospital mortality rate of ATAAD
(20.0%) was comparable to other previous studies (6,13),
and the mortality rate of the patients treated without
surgery, including that caused by rupture, was also
comparable to a previous report in conservatively treated
patients (52.4% vs. 56.2%) (6). The rupture rate (9.4%),
however, was much lower than that in the study by Afifi
et al. 2016 (15.3%) (11), which may due to the different
time ranges of patient recruitment as Afifi ez 4/. recruited
patients much earlier than us. Afifi ez 4/. also demonstrated
risk factors related to rupture in cases of ATAAD including
older age, female gender, dilated aorta, hypotension, and
cardiac arrest (11). However, we demonstrated different risk
factors associated with the rupture risk.

In this study, the patients who presented with shock had
an 8.12-fold greater risk of rupture than patients without

J Thorac Dis 2017;9(12):4979-4987



4984

Table 3 Biochemical tests results in 329 ATAAD patients
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Variables Overall (n=329) Non-ruptured (n=298) Ruptured (n=31) P
Arterial blood gas analysis
PO,, mmHg 89 [72-127] 90 [74-132] 71.4 [64-101] 0.006
PO, <80 mmHg 135 (41.0) 112 (37.6) 23 (74.2) <0.001
Na, mmol/L 138.0 (135.0-139.0) 138.0 (136.0-140.0) 138.0 (134.5-140.0) 0.938
K, mmmol/L 3.7 (3.4-4.0) 3.7 (3.4-3.9) 3.9 (3.5-4.3) 0.025
BE, mmol/L 0.14+2.98 -0.14+3.18 —2.00+5.53 0.118
Lac, mmol/L 1.4 (0.9-2.1) 1.3 (0.9-2.0) 2.1 (1.1-3.2) 0.016
Lac =3 mmol/L 32 (9.7) 25 (8.4) 7 (22.6) 0.007
Complete blood count
Hct 38.9 (34.0-43.0) 38.9 (34.0-42.9) 38.0 (32.0-43.6) 0.682
WBC, 10°%/L 11.97+4.25 11.84+4.06 13.46+5.91 0.181
Neutrophils 84.4 (77.3-88.4) 84.1 (76.9-88.2) 86.1 (80.6-90.0) 0.060
Platelet, 10%/L 160.0 (121.0-189.3) 160.0 (123.5-191.0) 131.0 (93.0-176.0) 0.012
Platelet =114, 10%/L 264 (80.2) 248 (83.2) 16 (51.6) 0.013
Coagulability and hemostatic function test
PT, seconds 14.6 (13.6-15.4) 14.5 (13.6-15.3) 15.3 (14.8-17.2) <0.001
D-dimer, pg/mL 6.89 (2.93-16.00) 6.12 (2.72-16.00) 16.00 (9.44-16.00) 0.003
D-dimer =10 pg/mL 76 (23.1) 64 (21.5) 12 (38.7) 0.003
Liver and kidney function test
Urea nitrogen, mmol/L 6.9 (5.4-8.8) 6.7 (5.2-8.7) 8.6 (7.6-10.6) <0.001
Urea nitrogen >8 mmol/L 114 (34.7) 98 (32.9) 16 (561.7) 0.004
Creatinine 82.0 (65.0-106.5) 80.0 (64.3-1083.7) 103.5 (88.0-145.7) 0.005
ALT, U/L 26.0 (17.0-42.0) 26.0 (17.0-40.3) 42.0 (28.0-211.0) 0.001
ALT =130 U/L 21 (6.4) 13 (4.4) 8 (25.8) <0.001
AST, U/L 28.5 (20.0-47.0) 27.0 (20.0-44.8) 63.5 (33.8-224.3) <0.001
AST =95.5 U/L 32 (9.7) 24 (8.1) 8 (25.8) <0.001
Total bilirubin, pmol/L 17.6 (12.6-22.8) 17.6 (12.5-22.6) 17.6 (12.6-29.9) 0.518
Other biochemical tests
Troponin, ng/mL 0.03 (0.012-0.155) 0.030 (0.011-0.131) 0.674 (0.019-4.390) 0.009
Troponin >0.7 ng/mL 41 (13.9) 32 (10.7) 9 (29.0) 0.001
Creatine kinase (CK-MB), U/L 9.0 (5.7-16.5) 9.0 (5.7-16.0) 13.0 (6.5-29.0) 0.160
CRP 50.6 (10.3-106.1) 55.0 (12.3-106.1) 10.8 (1.3-108.1) 0.116

Data are presented as mean + SD or median (interquartile range), categorical variables are presented as number (%). ATAAD, acute and
subacute Stanford type A aortic dissection; PO,, partial pressure of oxygen; BE, base excess; Lac, lactate; Hct, hematocrit; WBC, white
blood cell; PT, prothrombin time; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive protein.
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Figure 2 Dose-time distribution curves for D-dimer of the 329 patients.

Table 4 Significant risk factors for in-hospital rupture in ATAAD
patients

Variables Odds ratio 95% ClI P

Shock 8.12 1.10-59.85 0.040
Pain requiring medication 12.67 2.43-66.09 0.003
Troponin >0.7 ng/mL 9.28 1.72-50.06 0.010
D-dimer =10 pg/mL 13.37 2.18-81.97 0.005

Odds ratios and 95% confidence intervals (Cls) were calculated
by multivariable logistic regression stepwise selection. ATAAD:
acute and subacute Stanford type A aortic dissection.

shock (P=0.040), which is in accordance with previous
reported relations between shock and ATAAD mortality. In
the study by Bossone ez 4l. with the data of the International
Registry of Acute Aortic Dissection (14), 407 (15.1%) of the
2704 ATAAD patients presented with shock upon admission,
and the in-hospital mortality was significantly higher in
these patients with shock than patients without shock
(30.2% wvs. 23.9%, P=0.007). More importantly, shock at
presentation was reported to be an independent risk factor
for surgical mortality (15,16) and long-term mortality (17).
These data indicate that an early intervention in ATAAD
patients who presented with shock may help reduce the
rupture and mortality rates. Ischemia and hypoxia caused by
shock may lead to vulnerability of the aortic wall, which in
turn leads to aortic rupture.

Pain is the most common symptom of acute aortic
dissection. In our study, pain assessment was graded into
four categories, and 63 % patients presented with overt pain.
This proportion was lower than in previous studies (14,15).
It was also demonstrated that the abrupt pain is associated
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with higher in-hospital mortality (6). The pain in ATAAD
is caused by compression and stretching of the para-aortic
nerve plexus and peripheral nerves. Therefore, pain is
directly related to tension of the aortic lesion. A consistent
severe pain may suggest continuous high tension in the
aortic wall. Moreover, blood pressure and heart beat are
usually not easily controlled in patients experiencing severe
pain. Our study demonstrated that a significantly higher
proportion of patients in the ruptured group required
analgesic. More importantly, medication-requiring pain was
demonstrated to be an independent risk factor for aortic
rupture.

Our study also indicates the potential role of myocardial
injury likely caused by coronary malperfusion in the
progression of ATAAD. As a complication of ATAAD,
coronary malperfusion can be demonstrated by elevated
serum markers and abnormal electrocardiogram or
echocardiography results as in previous studies (16,18). In
a study with 502 ATAAD patients, coronary malperfusion
was an independent risk factor for in-hospital mortality (16).
In another study based on the data of the German Registry
for Acute Aortic Dissection Type A registry, pre-operative
coronary malperfusion was an independent predictor for all
post-operative organ malperfusion and early mortality (4).
In our study, a serum troponin level >0.7 ng/mL was
significantly associated with a 9.28-times higher risk for
ruptured ATAAD. Therefore, the elevation of serum
troponin suggests the severity of aortic dissection and
potential unstable systemic circulation resulting from acute
myocardial injury, which is associated with aortic rupture.

Our data also confirm the important role of D-dimer in the
prognosis of ATAAD. Besides previous evidence on D-dimer
as a biological marker for diagnosing acute aortic dissection
(19,20) and predicting in-hospital mortality (21-23),
scarce data have been published on its relationship with
rupture. In the present study, we have demonstrated that
a D-dimer 210 pg/mL was an independent risk factor
of aortic rupture. The underlying mechanism remains
unclear. Weber ez a/. suggested that the D-dimer level
was significantly associated with the severity of aortic
dissection and it was much higher in patients with ATAAD
than in those with type B aortic dissection (24). Previous
research also demonstrated a two-way interaction between
inflammation and the coagulation system (25). Therefore,
pre-operational aortic rupture could be due to multiple
factors. In the group of patients without aortic rupture,
we also demonstrated an increase trend in D-dimer levels
during the first 12 hours followed by a gradual decrease
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until day 14 (Figure 2). These results were different
from those of a previous study by Suzuki ez al. (26),
which included 87 ATAAD patients. They found that
D-dimer levels decreased after 6 hours from the onset (26).
Therefore, the role and trend of D-dimer changes in
ATAAD require further investigation, and our data suggest
its potential value in association with aortic rupture in cases
of ATAAD.

This study also has several limitations. As a single-
centered retrospective analysis, this study had inherent
limitations and biases, including the relatively fewer cases in
the ruptured group, missing data on biochemical results and
CTA, and the lack of prior treatment records. Moreover,
most of the patients in this study were treated with surgery
within a very short time after admission, and previous
co-morbidity data and echocardiographic data were
incomplete.

In conclusion, aortic rupture is a catastrophic
complication in Stanford acute type A aortic dissection and
it accounts for 47% of total in-hospital mortality among
these patients. Presentation with shock, medication-
requiring pain, serum troponin >0.7 ng/mL, and D-dimer
210 pg/mL were independent risk factors for aortic rupture
in ATAAD patients. More data from other centers are
needed to confirm our results, and further clinical and
laboratory research is warranted to elucidate the role of
these risk factors in the prognosis of ATAAD.
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