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Background: Aortic dissection (AD) and non-ST segment elevation acute coronary syndrome (ACS) are
two of the most life-threatening diseases encountered in the emergency department (ED), but there are no
rapid and reliable tools for differentiation. The purpose of this study is to develop and validate a nomogram
that incorporates both the clinical characteristics and bedside laboratory tests available to differentiate
between AD and non-ST segment elevation ACS (NSTE-ACS).

Methods: Between January 2016 and July 2018, patients with AD and NSTE-ACS were enrolled and
divided into training and validation groups. The least absolute shrinkage and selection operator (LASSO)
regression model was used to select the factors with significant value of predicting the diagnosis of AD. A
nomogram was built on the basis of multivariable logistic regression analysis. Area under the curve (AUC) of
receiver operating characteristic (ROC) curve and the calibration curve were used to assess the performance
of the nomogram. Decision curve analysis was performed to assess the clinical utility of the nomogram.
Results: A final cohort of 263 patients (94 patients with AD and 169 patients with NSTE-ACS) were
enrolled. Six variables were incorporated in the nomogram: pain severity, tearing pain, pulse asymmetry,
electrocardiogram (ECG), D-dimer level and troponin I level. The AUC of the nomogram to predict the
probability of AD was 0.919 (95% CI, 0.876-0.962) in the training group and 0.938 (95% CI, 0.888-0.989)
in the validation group. The calibration curve demonstrated a good consistency between the actual clinical
results and the predicted outcomes. The decision curve analysis indicated that the nomogram had higher
overall net benefits in predicting AD in both the training group and the validation group.

Conclusions: We developed and validated a predictive nomogram that could be used as a tool to
differentiate AD from NSTE-ACS rapidly and accurately.
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Introduction

Aortic dissection (AD) and acute coronary syndrome (ACS)
are two of the most life-threatening diseases encountered
in the emergency department (ED) (1). Early and intensive
anti-thrombotic therapy is crucial for patients with ACS, but
it may be catastrophic for patients with AD (2). Therefore,
differentiating AD from ACS rapidly and accurately is of
great significance. However, because these two diseases
share similar risk factors and clinical characteristics, a
fast and accurate differential diagnosis is challenging
for clinicians. For patients with ST segment elevation
myocardial infarction, there are significant characteristics
of electrocardiogram (ECG) for differentiating between
these conditions. However, for patients with AD and non-
ST segment elevation ACS (NSTE-ACS), there are no
fast and reliable tools for differentiation. Currently, some
noninvasive imaging methods, such as aortic computed
tomography angiography (CTA) and magnetic resonance
angiography (MRA), are used to diagnose AD (3), but these
methods are time-consuming and unavailable at bedside.
Echocardiography is a bedside tool that is able to provide
important signs for diagnosis of AD, especially in patients
with unstable hemodynamics, but the diagnostic accuracy
and technical feasibility are limitations in ED (4).

The AD detection (ADD) risk score, which includes
predisposing conditions, pain features and physical
findings, is a simple assessment tool which guides the
diagnostic approach for patients with chest pain (5).
However, this ADD risk score system has its limitation (6).
Several laboratory tests, including D-dimer, matrix
metalloproteinases (MMPs), and genetic markers, have
been developed as biomarkers for the diagnosis of AD,
but there still exists some limitations of these biomarkers
in the diagnosis of AD (7,8). Therefore, development of a
predictive model that incorporates clinical characteristics
and available bedside laboratory tests is desirable. As
an individualized and evidence-based predictive model,
nomogram is easy to use and can provide accurate
information for decision making (9).

The purpose of this study is to develop and validate a
nomogram to differentiate between AD and NSTE-ACS
in ED. We present the following article in accordance
with the TRIPOD Checklist (available at http://dx.doi.
org/10.21037/cdt-20-935).

Methods

The study was conducted in accordance with the Declaration
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of Helsinki (as revised in 2013). The study was approved
by the institutional ethics committee board of Zhenjiang
First People’s Hospital (No. K-20170032-W) and individual

consent for this retrospective analysis was waived.

Patients

From January 2016 to July 2018, a retrospective study was
conducted on 263 patients diagnosed with AD or NSTE-
ACS in the Chest Pain Center of Zhenjiang First People’s
Hospital. Assuming the nomogram had a sensitivity of 90%
and a specificity of 90% for differentiating between AD
and NSTE-ACS, at least 158 patients should be enrolled.
The diagnosis of AD was based on the result of aortic CTA
or MRA. The diagnosis of NSTE-ACS was according to
the criteria in the guideline, which included chest pain,
ECG and cardiac biomarkers (10). All the diagnoses
of NSTE-ACS were confirmed by the coronary artery
angiography (CAG). Exclusion criteria included: (I) history
of anticoagulation therapy; (II) concomitant with severe
infection, shock, disseminated intravascular coagulation,
severe renal or hepatic dysfunction, malignancy or other
diseases; (III) traumatic ADj; (IV) patients who rejected
CTA, MRA, CAG or other tests; (V) patients with ST
segment elevation on ECG; and (VI) patients <18 years old.

Collection of data

All patients were evaluated by the elementary clinical
characteristics, ECG and laboratory tests available in ED.
Elementary clinical information included sex, age, history
of hypertension, diabetes, smoking, history of AD and
coronary artery disease (CAD). Chest pain was evaluated
by the severity of pain, the quality of pain (tearing pain or
not) and the duration of pain. The severity of chest pain
was assessed by the Visual Analogue Scale (VAS) (11). In
our study, patients with 1-3 scores were defined as mild
pain, patients with 4-10 scores were defined as severe pain.
Bedside laboratory tests included white blood cell (WBC),
platelet (PLT), hemoglobin (Hb), blood urea nitrogen
(BUN), creatine (Cr), uric acid (UA), D-dimer and troponin
I (TnI). The results of aortic CTA or MRA were also
evaluated in patients with AD, and the results of CAG were
evaluated in patients with NSTE-ACS.

Statistical analysis

For continuous variables, the Kolmogorov-Smirnov test was
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used to investigate the distribution of the data. Variables
with normal distribution are presented as mean = SD,
and the Student’s 7-test was used to investigate differences
of the variables between the groups. Variables that are
not normally distributed are presented with interquartile
range and median, and the Mann-Whitney test was used.
Percentages were used to summarize the categorial data,
and the i’ or Fisher exact test was used when appropriate to
evaluate the differences between groups.

The initial population was randomized to training and
validation groups at a 7:3 ratio, which were utilized to
develop and authenticate the model, respectively. The
least absolute shrinkage and selection operator (LASSO)
logistic regression model was used to select the factors
with significant value of predicting the diagnosis of AD
from the data in the training group. Factors with nonzero
coefficients in the LASSO regression model were selected.
Then multivariable logistic regression analysis based on
the factors selected in the LASSO regression and some
other factors with clinical significance, was performed to
build a predicting model. Variables with the two-sided P
value <0.1 were enrolled in the predictive model, whereas
factors with clinical significance were included directly.
To predict the probability of AD quantitatively for an
individual patient, we built a nomogram based on the
multivariable logistic regression analysis in the training
group.

"To assess the differentiating value of the nomogram,
the area under the curve (AUC) of receiver operating
characteristic (ROC) curve and the calibration curve were
performed in the training group. Both methods were
also used in the validation group to further validate the
performance of the nomogram. In addition, decision curve
analyses (DCA) were conducted to determine the clinical
utility of the nomogram by quantifying the net benefits in
both groups. All statistical analyses were performed with
SPSS Statistics for Windows, v26.0 (SPSS Inc., USA) and R
software (Version 4.0.2; https://www.r-project.org).

Results
Patients

A total of 263 patients (94 AD patients and 169 NSTE-ACS
patients) were enrolled, of which 70% were indiscriminately
allocated to the training group (n=187), and the remaining
patients were allocated to the validation group (n=76).
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Tuble 1 summarizes clinical characteristics, ECG and
laboratory tests between the training group and validation
group. Both groups had similar proportion of AD patients
(36.4% in the training group and 34.2% in the validation
group). Patients with AD in both groups had higher levels
of D-dimer, WBC, higher proportion of pulse asymmetry
and tearing pain. However, most clinical characteristics and
laboratory tests were well-balanced between the training
group and validation group.

Feature selection

Of elementary clinical characteristics, ECG and laboratory
tests, 4 out of 20 features were strongly implied as potential
predictors of diagnosis of AD in the training group with
187 patients (Figure I), which were identified in the LASSO
logistic regression model. The features included pain
severity, tearing pain, D-dimer level and Tnl level. For the
usefulness of ECG and pulse asymmetry in clinical practice,
these two features were also enrolled (Table 2).

Nomogram construction

Based on the predictive features identified in the training
group, a nomogram that included 4 significant predictors
and 2 factors with clinical significance was established
for predicting the probability of AD in this population
(Figure 2). Every factor in the nomogram got an individual
score according to the value of factor, and a total score was
obtained by summarizing the scores of the six factors, which
could be used to estimate the probability of AD.

Performance of the nomogram

Firstly, we validated the effects of the nomogram to
differentiate between AD and NSTE-ACS in the training
group. The AUC of the nomogram to predict the diagnosis
of AD was 0.919 (95% CI, 0.876-0.962) (Figure 3A). The
calibration curve showed that predictive nomogram for the
probability of AD excellently estimated actual probabilities
(Figure 3B). Next, the performance of the nomogram was
validated by comparing the predictive probability of AD
and the actual clinical results in the validation group. The
AUC of the predictive nomogram was 0.938 (95% ClI,
0.888-0.989) (Figure 3C). The calibration curve showed a
good consistency between the actual diagnosis of AD and
the predicted probability (Figure 3D).
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Table 1 Baseline characteristics of patients in training and validation groups
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Training group

Validation group

Characteristics

AD patients (n=68) ACS patients (n=119) P value AD patients (n=26) ACS patients (n=50) P value

Pain severity (n, %) 0.003 0.08

Mild 2 (2.9 23 (19.3) 2(7.7) 14 (28.0)

Severe 66 (97.1) 96 (80.7) 24 (92.3) 36 (72.0)
Tearing pain (n, %) 35 (51.5) 9 (7.6) 0.001 14 (53.8) 2 (4.0) 0.001
Male (n, %) 61 (89.7) 98 (82.4) 0.25 25 (96.2) 45 (90.0) 0.62
Hypertension (n, %) 53 (77.9) 84 (70.6) 0.36 22 (84.6) 38 (76.0) 0.56
Diabetes (n, %) 10 (14.7) 29 (24.4) 0.17 3(11.5) 17 (34.0) 0.07
Smoking (n, %) 37 (54.4) 58 (48.7) 0.55 12 (46.2) 20 (40.0) 0.79
AD history (n, %) 2(2.9) 0 (0) 0.25 2(7.7) 0(0) 0.22
CAD history (n, %) 34.4) 7 (5.9 0.93 1(3.9) 3(6.0) 1.0
Pulse asymmetry (n, %) 16 (23.5) 10 (8.4) 0.008 8 (30.8) 5(10.0) 0.05
ECG (n, %) 0.16 0.22

Abnormal 38 (55.9) 80 (67.2) 11 (42.3) 30 (60.0)

Normal 30 (44.1) 39 (32.8) 15 (57.7) 20 (40.0)
Tnl level (n, %) 0.01 0.17

Elevated level 1(1.5) 16 (13.4) 1(3.8) 9(18.0)

Normal range 67 (98.5) 103 (86.6) 25 (96.2) 41 (82.0)
Pain time (hours) 4.0 (3.0-5.0) 4.7 (2.0-7.0) 0.90 3.9 (2.0-6.0) 5.0 (2.0-6.0) 0.30
Age (years) 60.5+12.2 61.5+9.0 0.55 62.3+12.3 60.3+9.6 0.43
D-Dimer (mg/L) 1.20 (0.67-1.68) 0.48 (0.17-0.76) <0.001 1.16 (0.62-1.67) 0.52 (0.14-0.52) <0.001
WBC (x10°/L) 9.5+3.1 8.4+2.6 0.007 10.3+3.2 8.2+2.5 0.003
Platelet (x10'%/L) 170+57 175454 0.61 160+58 179452 0.15
Hemoglobin (g/L) 130 [123-140] 138 [127-149] 0.005 134 [126-143] 138 [134-151] 0.10
BUN (mmol/L) 66.51 (4.80-7.55) 6.74 (5.38-7.70) 0.21 6.49 (4.83-7.70) 6.69 (5.04-7.82) 0.84
Creatinine (umol/L) 87.6 (71.0-95.3) 84.3 (65.0-92.1) 0.12 84.5 (70.2-93.0) 78.6 (61.8-83.2) 0.05
Uric acid (umol/L) 357 [271-421] 377 [310-423] 0.28 350 [267-375] 368 [299-408] 0.16

AD, aortic dissection; ACS, acute coronary syndrome; CAD, coronary artery disease; ECG, electrography; Tnl, troponin I; WBC, white

blood cell; PLT, platelet; BUN, blood urea nitrogen.

Clinical use of the nomogram

DCA for the nomogram to predict the probability of AD
was performed to make sure whether this model can provide
great net benefit. The results of DCA showed that the
prediction nomogram had excellent overall net benefits in
predicting AD in both the training group and the validation
group (Figure 44,B).
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Discussion

In this study, we developed a nomogram to differentiate
between AD and NSTE-ACS in ED. All features enrolled
in our nomogram were elementary clinical information
and bedside laboratory tests available, allowing for routine
accessibility in clinical practice. In addition, we validated
the performance of the nomogram in both the training
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Figure 1 Feature selection by the LASSO logistic regression model. (A) The optimal A selection in the LASSO model with 10-fold cross-

validation by the minimum criteria (the left dotted vertical line) and the 1-SE criteria (the left dotted vertical line). (B) LASSO coefficient

profiles of all the 20 features. Four features with nonzero coefficients were selected by the optimal A where the vertical line was drawn.

LASSO, least absolute shrinkage and selection operator; SE, standard error.

Table 2 Predictors for the diagnosis of AD

Prediction model

Intercept and variable

B Odds ratio (95% Cl) P value
Intercept -4.92 0.007 (0.0004-0.05) <0.001
Pain severity 1.99 7.34 (1.19-127.60) 0.07
Tearing pain 3.02 20.48 (7.06-68.08) <0.001
D-dimer 2.73 16.36 (6.29-45.18) <0.001
Tnl level -3.51 0.03 (0.0008-0.20) 0.03
Pulse asymmetry 0.79 2.20 (0.63-7.99) 0.22
ECG -0.48 0.62 (0.23-1.68) 0.35

AD, aortic dissection; Cl, confidence interval; Tnl, troponin |; ECG, electrogram.

group and the validation group. The results showed that
the nomogram had a good discrimination and calibration
in both groups, with an AUC of 0.919 in the training group
and 0.938 in the validation group.

In clinical practice, most patients with acute chest
pain in ED have to be differentiated from AD, ACS and
pulmonary embolism (PE). For the limit overlap between
PE and the other two diseases, PE can be ruled-in or ruled-
out easily based on the patients’ clinical characteristics (12).
However, patients with AD often have similar symptoms
and ECG changes for patients with ACS, especially in
patients with non-ST segment elevation on ECG (13),
making it challenging for clinicians to rapidly and

© Cardiovascular Diagnosis and Therapy. All rights reserved.

accurately differentiate between AD and NSTE-ACS.
Aortic CTA plays a central role in the diagnosis of AD
presently. However, CTA would expose patients to the risks
of radiation, contrast-induced nephropathy and allergies (4).
Therefore, helping clinicians reduce the risk of both
misdiagnosis and over-testing in differentiation might be of
great significance.

Based on the risk factors, pain characteristics and
physical examination findings, the ADD risk score was
calculated to assess the probability of AD and recommended
in the guidelines for AD. The ADD risk score ranged from
0-3 according to the number of variables in which at least
one feature was present. Patients with ADD risk score >2
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Figure 2 Developed aortic dissection predictive nomogram. The nomogram was developed in the training group, with pain severity, tearing

pain, pulse asymmetry, D-dimer levels, ECG and Tnl levels incorporated. ECG, electrography; Tnl, troponin I.

were suggested to be further assessed by CTA (14), but
for patients with ADD risk score <2, which might be a
large proportion of patients with chest pain, the value of
ADD risk score was a limitation (15,16). In addition, the
symptoms and physical findings varied among different
patients (17). All these factors indicated that a risk score
system only based on the elementary clinical conditions was
insufficient to rule-in or rule-out AD patients, especially in
the population of AD and NSTE-ACS.

D-dimer is a thrombotic/fibrinolytic product and
available bedside in the ED worldwide. Elevated D-dimer
level is as an indicator of the endogenous fibrinolytic
activity naturally counteracting the activation of the
extrinsic pathway of the coagulation cascade (18). In
patients with AD, the rupture of the intima of the aorta
permits the blood to contact with the non-endothelialized
tissue, which would activate the extrinsic pathway of the
coagulation cascade and subsequent endogenous fibrinolytic
system (19). Therefore, D-dimer levels is often elevated in
patients with AD. Many studies have also shown the good
performance of D-dimer in differentiating AD from other
chest pain diseases (20-22). However, elevated D-dimer
levels were also found in patients with NSTE-ACS due to

© Cardiovascular Diagnosis and Therapy. All rights reserved.

the plaque instability in the coronary artery and subsequent
activation of the extrinsic coagulation system and the
endogenous fibrinolytic system (23). Although the levels
of D-dimer were lower in patients of NSTE-ACS than
in patients with AD, the predictive value of D-dimer was
decreased in the population (24). In addition, normal range
D-dimer was also found in patients with AD (25). All these
factors would limit the value of D-dimer in differentiating
AD from NSTE-ACS. Troponin is an effective tool in
the diagnosis of NSTE-ACS, especially in patients with
myocardial infarction. However, owing to the delayed rise
in measurable cardiac troponin from the onset of symptoms,
the value of conventional troponin is limited for early
detection of NSTE-ACS. High-sensitivity troponin can
be detected within 1 hour after the onset of chest pain, but
the low specificity and availability limits its value in clinical
practice (26).

As suggested above, all these tools mentioned are of
value in differentiating AD from other diseases in patients
with acute chest pain. However, as they only partially reflect
certain aspects of AD, these tools have their limitations.
In our study, the multivariable logistic regression analysis
showed pain severity, tearing pain, D-dimer and Tnl levels
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Figure 3 Validation of the nomogram in both the training and validation groups. (A) ROC curve of the nomogram for the prediction of AD
in the training group. The AUC was 0.919 (95% CI, 0.876-0.962). (B) Calibration curve of the nomogram in the training group. (C) ROC
curve of the nomogram for the prediction of AD in the validation group. The AUC was 0.938 (95% CI, 0.888-0.989). (D) Calibration curve

of the nomogram in the validation group. ROC, receiver operating characteristic curve; AD, aortic dissection; AUC, area under the curve;

CI, confidence interval.

were independent predictors for AD. Based on the values
in clinical practice, ECG and pulse asymmetry were also
enrolled our nomogram model.

As an accurate and distinguishable predictive tool,
nomogram is widely applied in various professional fields
to assist modern medical decisions (27,28). Based on the
features selected, the nomogram developed to predict
the probability of AD can be served as a viable scoring
system. The different lines per predictor in the nomogram
represents its relative importance for the prediction, thereby
making the interpretation of the results easy to follow. For
a clinician struggling to differentiate AD from NSTE-ACS,
the probability of AD can be calculated by combining the
scores of each factor on the nomogram (29). The calibration

© Cardiovascular Diagnosis and Therapy. All rights reserved.

plots showed perfect calibration capacity of the predictive
nomogram model for both internal and external validation.
All these results indicated that our predictive nomogram
had excellent discriminative power and accuracy to
differentiate AD from NSTE-ACS in the population. The
DCA in our study showed that the predictive nomogram
had higher overall net benefits, and confirmed that the
nomogram had the ability to differentiate patients with a
high-risk probability of AD.

In addition to the accurate prediction, easy-to-use
capability is another important advantage of the nomogram
developed in our study. There were only 6 factors in our
nomogram, which included symptoms (pain severity and

tearing pain), vital sign (pulse asymmetry), ECG and
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patient with diagnosis of AD. The DCA indicated that the predictive nomogram had higher overall net benefits in predicting AD in both the

training group and the validation group. AD, aortic dissection; DCA, decision curve analysis.

laboratory tests (I'nl, D-dimer). All these factors can be
obtained easily in the ED, which is of great significance for
patients with acute chest pain, especially for the high-risk
patients who need urgent intervention.

Limitations

There are several limitations of our study. Firstly, this
analysis was based on data from a single center. Although
we validated the efficacy of the nomogram in both the
training group and the validation group, validation in other
centers and with a larger sample size is needed to further
assess efficacy. Secondly, for the relatively small sample size
and low incidence of risk factors for AD, such as Marfan
syndrome and family history, we did not consider these
factors in our study. In addition, as a retrospective design,
our study has some disadvantages compared to a prospective
study. Therefore, further prospective validation of the
nomogram to assess its efficacy should be encouraged.
Lastly, the patients with cardiac arrest or profound shock
who could not undergo CTA or MRA were not enrolled
in our study, meaning the nomogram had limited value for
these patients.

Conclusions

In conclusion, we developed and validated a predictive
nomogram to differentiate AD from NSTE-ACS based
on elementary clinical characteristics, ECG and bedside

© Cardiovascular Diagnosis and Therapy. All rights reserved.

laboratory tests available. This nomogram can be used as
a useful tool to differentiate AD from NSTE-ACS rapidly
and accurately in the ED.
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(No. K-20170032-W) and individual consent for this

retrospective analysis was waived.
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