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ABSTRACT

Objective: This study aims to figure out risk factors of 
in-hospital preoperative rupture of hyperacute type A aortic 
dissection (haTAAD) patients and build a prediction and risk 
stratification model.

Methods: From January 2011 to December 2019, 830 
patients diagnosed as haTAAD from Nanjing Drum Tower 
Hospital were enrolled. Among them, 799 patients received 
prompt surgery and 31 suffered aortic rupture before opera-
tion. The association between in-hospital preoperative rup-
ture and perioperative parameters were examined. Best subset 
selection was used for feature selection and ROC curve was 
used to identify the model.

Results: Age, winter season, back pain, preoperative hypo-
tension, albumin and globulin ratio, high serum phosphorus 
level are risk factors for in-hospital preoperative rupture of 
haTAAD. On the basis of six variables with AUC 0.828, a 
nomogram was established. According to the robustness test, 
actual in-hospital preoperative ruptures were fitted well.

Conclusions: The in-hospital rupture prediction model 
was developed using logistic regression analysis. High serum 
phosphorus level is one of the strongest predictors. This 
nomogram may be useful when evaluating the risk of aortic 
dissection in-hospital rupture in future trials.

INTRODUCTION

Hyperacute type A aortic dissection (haTAAD), which refers 
to the onset within 48 hours, is a lethal and emergency state 
[Mussa 2016; Coady 1999]. Timely operation is effective and 
safe for most patients. However, some patients do not receive 
timely surgical treatment when they have been admitted in hos-
pital. Preoperative aortic rupture is one of the main reasons. 
In China, most prefecture-level cities do not have a hospital 
capable of performing effective operation for haTAAD. There-
fore, it is necessary to transfer haTAAD patients to a central-
ized hospital with surgical capabilities. Although there is a risk 

of transport, it also has been shown to be effective in improv-
ing the success rate of haTAAD treatment [A 2018; Goldstone 
2019]. Therefore, for centralized hospitals, they often are faced 
with the situation that they need to receive a large number of 
haTAAD patients at the same time [Vincent].

To treat the aforementioned situation, we aim to make a 
risk stratification for haTAAD patients. We hope to identify 
the patients, who are more dangerous than others and give 
them treatment priority. There already are some studies in 
postoperative mortality prediction of TAAD patients, but 
few in the risk factors of in-hospital preoperative rupture in 
TAAD patients, especially in haTAAD patients. Thus, this 
study aims to identify predictors for in-hospital preoperative 
rupture in haTAAD patients, to help physicians for optimal 
arrangement and management.

METHODS

Patients
A retrospective cohort analysis was performed on patients 

presenting with haTAAD at Nanjing Drum Tower Hospital 
in China between January 2011 and December 2019. The 
institutional review board and ethics committees of both hos-
pitals reviewed and approved the study. A total of 830 patients 
were divided into the rupture group (N = 31) and non-rup-
ture group (N = 799).
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Figure 1. Flow chart of patient enrollment and exclusion.
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Table 1. Baseline characteristics of patients in the rupture group and non-rupture group

Characteristics Overall (N = 830) Non-rupture (N = 799) Rupture (N = 31) P-value

Gender, n (%) - - - .572

Male 620 (74.7) 595 (74.5) 25 (80.6)

Female 210 (25.3) 204 (25.5) 6 (19.4)

Age, year (mean SD) 53.11 (13.15) 52.91 (12.87) 58.48 (18.35) .020

Season of onset, n (%) - - - .049

Non-winter 570 (69.3) 554 (69.9) 16 (51.6)

Winter 253 (30.7) 238 (30.1) 15 (48.4)

BMI, kg/m2 (mean SD) 25.92 (4.13) 25.96 (4.16) 24.88 (3.38) .154

Hours from onset to hospital, hour (mean SD) 9.00 [6.00, 12.00] 9.00 [6.00, 12.00] 8.00 [6.50, 12.00] .541

Chest pain, n (%) 723 (87.1) 694 (86.9) 29 (93.5) .414

Back pain, n (%) 360 (43.4) 340 (42.6) 20 (64.5) .025

Abdominal pain, n (%) 52 (6.3) 48 (6.0) 4 (12.9) .239

Leg pain, n (%) 29 (3.5) 28 (3.5) 1 (3.2) .999

Cerebral ischemia attack, n (%) 73 (8.8) 69 (8.6) 4 (12.9) .617

Transient ischemic attack, n (%) 65 (7.8) 61 (7.6) 4 (12.9) .465

Consciousness, n (%) 19 (2.3) 16 (2.0) 3 (9.7) .030

Hypertension, n (%) 630 (75.9) 608 (76.1) 22 (71.0) .659

Diabetes, n (%) 34 (4.1) 31 (3.9) 3 (9.7) .256

MFS, n (%) 16 (1.9) 15 (1.9) 1 (3.2) .999

Aortic aneurysm history, n (%) 12 (1.4) 11 (1.4) 1 (3.2) .369

Aortic dissection history, n (%) 22 (2.7) 20 (2.5) 2 (6.5) .197

TEVAR/EVAR history 21 (2.5) 20 (2.5) 1 (3.2) .999

AVR history, n (%) 6 (0.7) 6 (0.8) 0 (0.0) .999

Stoke history, n (%) 25 (3.0) 22 (2.8) 3 (9.7) .093

CAD history, n (%) 18 (2.2) 16 (2.0) 2 (6.5) .143

COPD, n (%) 8 (1.0) 7 (0.9) 1 (3.2) .263

Atrial fibrillation, n (%) 6 (0.7) 4 (0.5) 2 (6.5) .018

Myocardial ischemia, n (%) 39 (4.7) 39 (4.9) 0 (0.0) .408

End stage renal history, n (%) 18 (2.2) 18 (2.3) 0 (0.0) .829

Smoke, n (%) 193 (23.3) 184 (23.0) 9 (29.0) .576

Alcohol, n (%) 130 (15.7) 126 (15.8) 4 (12.9) .858

Preoperative hypotension, n (%) 66 (8.0) 57 (7.1) 9 (29.0) <.001

SBP left arm (mmHg) 131.00 [114.00, 148.00] 131.00 [114.00, 148.25] 119.00 [102.00, 137.50] .008

DBP left arm (mmHg) 70.00 [58.00, 82.00] 71.00 [59.00, 82.00] 59.00 [50.00, 69.50] .002

Heart rate (bpm) 79.00 [68.00, 91.00] 79.00 [68.75, 91.25] 76.00 [60.50, 85.00] .070

Hydropericardium (%) 85 (10.4) 82 (10.3) 3 (15.8) .689

RBC (1012/L) 4.14 [3.45, 4.64] 4.14 [3.44, 4.63] 4.24 [3.97, 4.95] .089

Hematocrit (%) 37.45 [30.78, 41.80] 37.20 [30.60, 41.75] 39.10 [36.60, 44.10] .051

Hemoglobin (g/L) 127.00 [102.00, 142.25] 126.00 [102.00, 142.00] 136.00 [116.00, 151.00] .076

WBC (109/L) 11.55 [8.80, 14.40] 11.60 [8.85, 14.45] 10.80 [8.20, 12.50] .355

Neu percentage (%) 88.00 [84.00, 90.70] 88.00 [84.00, 90.80] 88.40 [84.60, 90.00] .733

Platelet (109/L) 135.00 [96.00, 172.00] 135.00 [96.50, 172.00] 127.00 [96.00, 176.00] .968
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Diagnosis of TAAD was confirmed by the presence of an 
intimal flap on enhanced CT scan, haTAAD was referred to 
the interval between the onset and admission within 48 hours 
and rupture was confirmed based on bedside transthoracic 
ultrasound. The data collected included clinical information, 
laboratory tests, imaging findings, and patient outcomes.

The study was approved by the institutional review board 
of Nanjing Drum Tower Hospital (2020-185-01).

Statistical analysis: All data are presented as N (%) for 
categorical variables and mean ± standard deviation for 
normally distributed continuous variables. Normality dis-
tribution were tested with the Kolmogorov-Smirnov test.  
Independent t-tests were performed for normally distributed 

variables, or Mann-Whitney U tests for non-normal distribution.  
Categorical variables were analyzed by Chi-square test or 
Fisher’s exact test, as appropriate. Multivariate analysis was 
performed using a binary logistic regression model after best 
subset feature selection to discriminate independent risk fac-
tors for in-hospital rupture.

R software (version 4.0.3) was used for data analysis. R 
packages “tableone” were used for basic statistics and to make 
table one. The package “glmnet” was used for logistic regres-
sion. The package “leaps” was used for best subset selection.  
Bootstrap was used to identify the robustness of the final 
model. A P-value of less than .05 was considered statistically 
significant.

ALT (U/L) 24.50 [15.50, 43.00] 24.50 [15.50, 43.00] 22.70 [15.75, 38.25] .749

AST (U/L) 32.60 [22.00, 61.10] 32.60 [22.00, 60.10] 27.70 [23.45, 80.50] .949

Adenosine deaminase (U/L) 10.00 [8.10, 12.90] 10.00 [8.10, 12.80] 14.40 [12.60, 18.50] .002

Lactate dehydrogenase (U/L) 464.00 [280.00, 621.00] 464.00 [280.00, 614.00] 442.50 [241.25, 698.00] .876

Total bile acid (μmol/L) 1.70 [0.80, 3.60] 1.60 [0.80, 3.60] 4.10 [1.30, 6.90] .079

Total bilirubin (μmol/L) 15.60 [11.10, 22.67] 15.55 [11.00, 22.60] 18.15 [12.35, 24.68] .361

Direct bilirubin (μmol/L) 5.40 [3.40, 9.20] 5.40 [3.35, 9.20] 4.70 [4.40, 7.30] .860

CKMB (U/L) 12.00 [7.00, 22.00] 11.50 [7.00, 22.00] 14.00 [9.50, 20.00] .496

Albumin (g/L) 37.40 [33.70, 40.20] 37.35 [33.70, 40.20] 38.10 [31.82, 40.05] .722

Globulin (g/L) 21.50 [18.20, 25.67] 21.45 [18.10, 25.63] 22.65 [20.27, 25.65] .288

A/G 1.70 [1.49, 1.92] 1.71 [1.49, 1.94] 1.58 [1.45, 1.70] .016

TG (mmol/L) 1.00 [0.69, 1.50] 1.00 [0.69, 1.52] 1.00 [0.70, 1.18] .467

Uric acid (μmol/L) 384.00 [312.00, 469.00] 383.00 [312.00, 469.00] 428.00 [352.00, 471.00] .209

Na (mmol/L) 139.80 [137.20, 142.88] 139.80 [137.30, 142.90] 138.50 [136.95, 141.55] .132

K (mmol/L) 3.87 [3.54, 4.24] 3.87 [3.53, 4.22] 4.02 [3.63, 4.48] .130

P (mmol/L) 1.17 [0.95, 1.43] 1.17 [0.95, 1.42] 1.48 [1.15, 1.79] .002

Cl (mmol/L) 103.90 [101.20, 106.70] 103.90 [101.30, 106.80] 101.50 [99.95, 105.55] .078

Ca (mmol/L) 2.18 [2.09, 2.27] 2.18 [2.10, 2.27] 2.18 [2.05, 2.26] .672

Blood glucose (mmol/L) 7.60 [6.08, 9.67] 7.61 [6.10, 9.69] 6.56 [5.02, 7.59] .158

PT [second, mean SD] 12.40 [11.40, 13.80] 12.40 [11.40, 13.70] 13.50 [12.10, 15.40] .010

Fibrinogen (g/l) 2.00 [1.50, 2.60] 2.00 [1.50, 2.60] 1.55 [1.20, 1.92] .002

INR 1.08 [1.00, 1.20] 1.08 [1.00, 1.20] 1.19 [1.05, 1.33] .011

D-dimer (μg/mL) 4.89 [2.69, 11.49] 4.89 [2.69, 11.15] 5.07 [2.75, 34.59] .422

PCT (ng/mL) 1.19 [0.36, 4.16] 1.21 [0.36, 4.18] 0.09 [0.08, 0.09] .026

CRP (mg/L) 19.80 [4.90, 80.30] 19.90 [4.90, 81.30] 8.10 [5.10, 31.38] .192

SD, standard deviation; BMI, body mass index; BP, blood pressure; CAD, coronary artery disease; EVAR, endovascular repair; AVR, aortic valve replacement; 
MFS, Marfan syndrome; COPD, chronic obstructive pulmonary disease; WBC, white blood cell count; RBC, red blood cell count; Neu, neutrophile granulocyte; 
ALT, alanine transaminase; AST, aspartate aminotransferase; A/G, albumin and globulin ratio; TG, triglycerides; Na, serum sodium; K, serum kalium; Cl, serum 
chlorine; P, serum phosphorus; Ca, serum calcium; PT, prothrombin time; INR, international normalized ratio; CRP, C-reactive protein

Table 1. [CONT.]

Characteristics Overall (N = 830) Non-rupture (N = 799) Rupture (N = 31) P-value
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Table 2. Univariate analyses of factors associated with rupture

Characters OR 2.50% 97.50% B Wald P-value

Gender 0.940 0.391 2.029 -0.062 0.023 .880

Age 1.043 1.015 1.072 0.042 9.260 .002

Season of onset 3.102 1.538 6.344 1.132 9.979 .002

BMI 0.931 0.850 1.016 -0.071 2.478 .115

Chest pain 1.091 0.419 3.732 0.087 0.025 .873

Back pain 2.371 1.168 5.032 0.863 5.478 .019

Abdominal pain 2.809 0.922 7.035 1.033 4.136 .042

Leg pain 0.865 0.048 4.259 -0.145 0.020 .888

Cerebral ischemia attack 1.444 0.420 3.802 0.368 0.450 .502

Transient ischemic attack 1.678 0.486 4.437 0.517 0.886 .347

Consciousness 4.624 1.040 14.719 1.531 5.494 .019

Stroke induced hemiplegia 2.478 0.133 13.538 0.908 0.727 .394

Hypertension 0.838 0.396 1.933 -0.177 0.196 .658

MFS 1.537 0.084 7.901 0.430 0.169 .681

Aortic aneurysm history 2.250 0.121 12.111 0.811 0.585 .444

Aortic dissection history 2.526 0.392 9.191 0.927 1.471 .225

Diabetes 2.490 0.576 7.498 0.912 2.080 .149

TEVAR/EVAR history 1.223 0.067 6.164 0.202 0.038 .846

Stroke history 4.897 1.368 13.829 1.589 7.619 .006

CAD history 3.173 0.488 11.826 1.155 2.237 .135

COPD 3.554 0.187 20.824 1.268 1.368 .242

Atrial fibrillation 12.887 1.740 68.674 2.556 8.340 .004

Smoke 1.262 0.547 2.671 0.232 0.338 .561

Alcohol 0.741 0.217 1.923 -0.300 0.305 .580

Hours from onset to hospital 1.030 0.961 1.096 0.030 0.794 .373

Preoperative hypotension 4.908 2.076 10.728 1.591 14.743 .000

SBP left arm 0.985 0.974 0.997 -0.015 6.842 .009

DBP left arm 0.975 0.957 0.993 -0.026 7.533 .006

Heart rate 0.986 0.965 1.006 -0.014 1.677 .195

Hydropericardium 3.343 1.428 7.206 1.207 8.746 .003

RBC 1.598 1.028 2.567 0.469 4.056 .044

Hematocrit 1.064 1.011 1.125 0.062 5.195 .023

Hemoglobin 1.016 1.001 1.032 0.016 4.345 .037

WBC 0.978 0.883 1.073 -0.023 0.208 .648

Neu percentage 0.997 0.953 1.057 -0.003 0.017 .895

ALT 1.001 1.000 1.001 0.001 5.960 .015

AST 1.000 1.000 1.001 0.000 4.843 .028

Adenosine deaminase 1.057 1.016 1.099 0.056 8.591 .003

Lactate dehydrogenase 1.000 1.000 1.000 0.000 3.368 .066

Total bile acid 1.009 0.940 1.037 0.009 0.208 .648

Total bilirubin 1.004 0.970 1.029 0.004 0.089 .765

Direct bilirubin 0.970 0.845 1.037 -0.031 0.299 .585
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RESULTS

Characteristics of patients in rupture group: compared with 
non-rupture group

Table 1 summarizes haTAAD patients’ characteristics in 
the total population (N = 830). Approximately 6 percent of 
haTAAD patients were ruptured before or during the sur-
gery. Compared with the non-rupture group, rupture group 
patients showed advanced age (60.1 versus 52.9 years, P = 
.001) and a higher rate of back pain (63.6% versus 42.5%, 
P = .026). Patients also show a higher rate of rupture in the 
winter (54.5% versus 27.9%, P = .002). However, there were 
no significant differences in gender and BMI between the two 
groups. Patients with altered consciousness and history of 
stroke are more prone to rupture (9.1% versus 2.1%, P = .04 
and 12.1% versus 2.7%, P = .011, respectively). Patients in the 
rupture group had lower blood pressure at admission (27.3% 
versus 7.1%, P < .001), which were divided as preoperative 
hypotension (systolic blood pressure less than 90mmHg). 
Hydropericardium was more common in the rupture group 
(27.3% versus 10.1%, P = .005).

Univariable analysis of in-hospital rupture
Univariate analysis showed clinical features that were 

significantly associated with in-hospital rupture as shown in 

Table 2. These included advanced age, winter season, back 
pain, abdominal pain, consciousness change, stroke history, 
atrial fibrillation history, preoperative hypotension, left arm 
blood pressure, hydropericardium, red blood cell, hematocrit, 
Hemoglobin, Aspartate Aminotransferase, adenosine deami-
nase, albumin and globulin ratio, uric acid, serum sodium, 
serum phosphorus, fibrinogen, and D-Dimer (Table 2). 
Advanced age and winter were the risk factors in the rupture 
group (OR 1.043, 95%CI: 1.015-1.072, P = .002, OR 3.102, 
95%CI: 1.538-6.344, P = .002, respectively). As the indica-
tor to assess the condition, consciousness change (OR 4.624, 
95%CI: 1.040-14.719, P = .019) and preoperative hypoten-
sion (OR 4.908, 95%CI: 2.076-10.728, P = .000) show the 
association with rupture. Among the biochemical indicators, 
high serum phosphorus (OR 3.238, 95CI%:1.736-5.962,  
P = .000) may be one of the important predictors.

Variable selection and multivariable analysis
Multivariate analysis was performed on the 22 indicators, 

which were significant in univariate analysis. Finally, six indica-
tors were selected for modeling, such as age, back pain, albu-
min and globulin ratio, serum phosphorus and preoperative 
hypotension. As the rupture predictors, the six indicators were 
incorporated in multivariate regression analysis (Table 3). ROC 
curve was used to identify the results of multivariate regression 

Albumin 0.970 0.906 1.048 -0.030 0.672 .412

Globulin 1.035 0.957 1.115 0.034 0.777 .378

A/G 0.290 0.094 0.815 -1.238 5.058 .025

TG 1.032 0.721 1.308 0.031 0.045 .833

Uric acid 1.003 1.000 1.005 0.003 4.010 .045

Na 0.924 0.856 0.990 -0.079 4.461 .035

K 1.570 0.934 2.525 0.451 3.187 .074

Cl 0.932 0.857 1.012 -0.070 2.679 .102

Ca 0.775 0.133 5.325 -0.255 0.070 .791

P 3.238 1.736 5.962 1.175 14.289 .000

Blood glucose 0.968 0.854 1.078 -0.033 0.311 .577

PT 1.006 0.970 1.023 0.006 0.305 .581

Fibrinogen 1.078 0.796 1.302 0.075 0.442 .506

INR 1.167 0.681 1.559 0.155 0.759 .384

D-dimer 1.013 0.998 1.024 0.013 4.004 .045

PCT 0.000 0.000 0.015 -16.013 2.084 .149

CRP 0.984 0.959 0.999 -0.016 2.578 .108

BMI, body mass index; BP, blood pressure; CAD, coronary artery disease; EVAR, endovascular repair; AVR, aortic valve replacement; MFS, Marfan syndrome; 
COPD, chronic obstructive pulmonary disease; WBC, white blood cell count; RBC, red blood cell count; Neu, neutrophile granulocyte; ALT, alanine transami-
nase; AST, aspartate aminotransferase; A/G, albumin and globulin ratio; TG, triglycerides; Na, serum sodium; K, serum kalium; Cl, serum chlorine; P, serum 
phosphorus; Ca, serum calcium; PT, prothrombin time; INR, international normalized ratio; CRP, C-reactive protein

Table 2. [CONT.]

Characters OR 2.50% 97.50% B Wald P-value
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and rupture (Figure 2) (Sensitivity 69.7%, Specificity 86.2%). 
The predictive nomogram also was developed from the six 
independent in-hospital rupture predictors (Figure 3).

Robustness of the final model
The robustness of the final model was examined by repeat-

edly refitting the model to 1000 differently sampled training 
and test sets (ratio 80:20) via the bootstrap procedure. The 
mean AUC is 0.791 with a 95% bootstrap CI of 0.786–0.795.

DISCUSSION

A total of 830 patients over an eight-year period were 
enrolled in our study. We summarized and reported that 
winter season, backpain, preoperative hypotension, and high 
serum phosphorus level are risk factors for in-hospital rup-
ture of haTAAD. Delaying surgery in haTAAD could never 
be an acceptable strategy, but those at higher risk must be 
considered the priority. Therefore, we should establish an 
objective and explicable criterion. In this retrospective analy-
sis, we tried to find a risk stratification system based on the 
different factors for preoperative aortic rupture.

This study figures out several clinical variables or fea-
tures that can predict in-hospital preoperative rupture in 
patients with haTAAD: advanced age, winter season, back-
pain, preoperative hypotension, low A/G ratio, and high 
serum phosphorus level. A nomogram was established with 
a powerful discriminatory ability that easily can be used to 
help make a clinical decision and for patient counseling. For 
haTAAD patients with a high risk of in-hospital preoperative 

rupture, prioritizing surgical treatment strongly should be 
considered.

The strongest predictor identified in our study was pre-
operative hypotension. We chose preoperative hypotension 
in the final model, and we believe pericardial effusion is 
highly associated with hypotension but difficult to estimate 
accurately in such an emergency or in some inexperienced 
center. The latest series report from Fuwai Hospital about in- 
hospital rupture of TAAD introduced by Wu et al had 
revealed that hemopericardium (P < .001) were associated 
with higher in-hospital rupture rates [Wu 2019]. Shigetaka K 
et al reported a novel risk score for predicting death or need 
for surgery in patients with acute type A intramural hema-
toma receiving medical therapy [Kageyama 2020]. In this risk 
score, SBP on arrival <120 mmHg, pericardial effusion on 
admission CT, ascending aorta diameter and ulcer-like pro-
jection are risk factors involved. Cut-off threshold for the risk 
factors and novel risk score on admission for the prediction 
are SBP on arrival<120 mmHg with 1 point, pericardial effu-
sion on admission CT with 1 point, ascending aorta diameter 
> 45 mm with 1 point, and ulcer-like projection with 2 point. 
When the threshold for the total risk score was ≥2 (while <2 
indicates that medical therapy would be acceptable), the pri-
mary endpoint could be predicted with a sensitivity of 89.7%, 
specificity of 75% (area under the ROC of 0.823), and the 
accuracy of risk score was 80.7%. According to Rampoldi 
et al, they described simple risk models to predict surgical 
mortality in acute type A aortic dissection and suggested that 
age >70, presenting hypotension/shock and preoperative car-
diac tamponade are variables in their Preoperative Prediction 
Model [Rampoldi 2007]. What’s more, age >70 years and 
presenting hypotension/shock also are involved in Prediction 
Model With Variables During Operation. Advanced age also 
is an important risk factor of rupture or in-hospital death in 
aortic dissection. Leontyev and colleagues demonstrated that 
in a risk-Adjusted Predictive Model for In-Hospital Death, 
age between 50 to 70 (OR 3.8, P = .001) and age >70 (OR 
3.8, P = .01) are risk factors for in-hospital death [Sergey 
2016]. Chest or back pain was the most common presenting 
symptom (84.8%), often described as “sharp” (64.4%). Back 

Figure 3. Nomogram for predicting the risk of preoperative rupture for 
in-hospital haTAAD patients.

Figure 2. AUC of the model was 0.828(95%CI,0.757-0.899).  AUC, area 
under the curve.
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pain often reveals that aortic dissection involve more widely 
(descending aorta involved), and the aortic vessel continues 
to withstand the impact of blood flow, which may be a factor 
leading to an increased risk of rupture. In our study, back pain 
in the non-rupture group and rupture group are 341 (42.5%) 
and 21 (63.6%) with a P-value of .026, while in Wu’s study, 
they are 341 (33.5%) and 50 (43.1%) with a P-value of .051. In 
Wu’s study, Random Forest classification of feature selection 
was developed, and back pain was confirmed as ‘not impor-
tant’ [Wu 2019]. But in our study, back pain is more frequent 
in the rupture group and also a strong predictor with OR of 
3.330 (P = .003). This may be because of the different acute 
phase of patients in the two studies as pain gradually may sub-
side over time. The occurrence of TAAD exhibits seasonally 
[Takagi 2018]. In our study, more haTAAD occurs in winter 
than other seasons and more rupture (15/253, 5.92%) hap-
pened in winter than other seasons (16/570, 2.81%).

Higher serum phosphorus level is a new predictor in aortic 
dissection. There are two main categories of causes of high 
serum phosphorus level: 1) impaired renal phosphate excre-
tion, and 2) massive extracellular fluid phosphate loads. Most 
haTAAD patients reveal normal or slightly impaired renal func-
tion at admission. The leading cause of high serum phospho-
rus may be extensive cellular injury or necrosis in aortic tissue 
during aortic dissection [Chang 2017]. Several studies demon-
strated that high serum phosphorus is associated with vascu-
lar calcification but also associated with calcium metabolism 
dysfunction or impaired renal function [Tohno 2006; Houston 
2013]. But neither calcium level or renal function changes in 
the rupture or non-rupture groups. This may require a larger 
sample or further study. Low A/G often reveals liver disease 
or acute infection. In Wu’s study, acute liver dysfunction also 
was confirmed as an important feature in in-hospital rupture 
of TAAD [Wu 2019]. In our study, both alanine transaminase 
and aspartate aminotransferase show no significant difference, 
as well as albumin and globulin. But A/G exhibits significant 
difference in the rupture and non-rupture groups. A/G maybe 
more sensitive in predicting rupture than other liver function 
tests and further study is needed in the future.

In our study, nonspecific inflammatory markers, such as 
WBCs and C reactive protein (CRP), do not show enough 
value as predictors. However, several studies do suggest 

WBC and CRP as diagnostic biomarkers [Fang 2009; 
Ranasinghe 2010]. Our results do not support that nonspe-
cific inflammatory markers can predict in-hospital rupture. 
Wu et al revealed the value of WBC count as a predictor 
for in-hospital rupture and also found that WBC >15×109/L 
is associated with a bad prognosis for TAAD patients [Wu 
2019]. In Wu’s study, 30 (25.9%) in 101 rupture patients 
were found WBC >15×109/L and 148 (14.6%) in 1017 non-
rupture patients were found WBC >15×109/L. But in this 
study, six (18.2%) in 33 rupture patients and 172 (21.4%) 
in 803 non-rupture patients were found WBC >15×109/L. 
That may be because in our study, patients are more severe 
as all patients in our study are hyperacute (<24h); in Wu’s 
study, patients are divided as with or without acute phase 
while “acute” was defined as 2-14 days. In addition, our 
patients are older in age (53.15 ± 13.23) on average than that 
in Wu’s study (49.5 ± 11.7). These may cause the different 
importance of WBC level in our study. And in our center, 
the number and percentage of rupture is smaller, and that 
also may make some difference.

Bootstrapping is a method that uses random sampling 
with replacement. This method allows estimation of the 
sampling distribution of almost any statistic using random 
sampling methods. Bootstrap is an appropriate way to con-
trol and check the stability of the results. Bootstrapping 
also is a very convenient method that avoids the cost of 
repeating the experiment to get other groups of sample data  
[Hesterberg 2015]. Craiem and colleagues demonstrated that 
TBAD probability increases with a larger aortic arch diam-
eter and a longer thoracic aorta, whereas threshold values 
increase with age. In Craiem’s study, a bootstrap method 
was used for the internal validation of the selection of model 
variables and performance [Craiem 2016]. Donald and col-
leagues established a new aortic injury score using clinically 
relevant factors that incorporate patient physiology, size of 
the aortic lesion, and extent of the mediastinal hematoma to 
predict early rupture. They used bootstrap in this model for 
internally validation [Harris 2015]. In our study, the sample 
is small, and the rupture sample is much smaller. A 70:30 
training and testing cohort is not appropriate in our study. 
In such a small data frame, bootstrap can check the stability 
of the final model.

Table 3. Multivariable logistic regression associated with rupture

Characters OR 2.50% 97.50% B Wald P-value

Age 1.029 1.000 1.059 0.028 3.835 .050

Season of onset 2.811 1.281 6.205 1.034 6.711 .010

Back pain 3.322 1.489 7.901 1.201 8.101 .004

Preoperative hypotension 4.897 1.923 11.716 1.589 12.123 .000

A/G 0.202 0.056 0.643 -1.599 6.589 .010

P 3.543 1.813 7.024 1.265 13.727 .000

A/G, albumin and globulin ratio; P, serum phosphorus
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This is the first predictive nomogram for in-hospital 
rupture risk in haTAAD patients. It is established with six 
achievable and cost-effective variables that make it easy 
to make clinical decisions in estimating in-hospital rup-
ture risk for haTAAD patients. The robustness of the final 
model was examined by repeatedly refitting the model to 
1000 differently sampled training and test sets (ratio 80:20) 
via the bootstrap procedure. The mean AUC is 0.815 with 
a 95% bootstrap CI of 0.810–0.820. These outcomes sug-
gest that the predictive nomogram possessed necessary 
discriminative accuracy to predict in-hospital rupture in  
haTAAD patients.

LIMITATIONS

Our study has several limitations. First, it was a retrospec-
tive analysis at a single center. Second, the sample size of the 
rupture group is small. Finally, CTA was not available for 
every haTAAD patient, which could lose some imaging fea-
tures associated with in-hospital rupture.

CONCLUSIONS

Advanced age, winter season, backpain, preoperative 
hypotension, low A/G ratio and high serum phosphorus level 
are risk factors for in-hospital rupture of haTAAD.
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