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ABSTRACT
Objective  Our study aimed to systematically review the 
methodological characteristics of studies that identified 
prognostic factors or developed or validated models for 
predicting mortalities among patients with acute aortic 
dissection (AAD), which would inform future work.
Design/setting  A methodological review of published 
studies.
Methods  We searched PubMed and EMBASE from 
inception to June 2020 for studies about prognostic 
factors or prediction models on mortality among patients 
with AAD. Two reviewers independently collected the 
information about methodological characteristics. We also 
documented the information about the performance of the 
prognostic factors or prediction models.
Results  Thirty-two studies were included, of which 18 
evaluated the performance of prognostic factors, and 
14 developed or validated prediction models. Of the 32 
studies, 23 (72%) were single-centre studies, 22 (69%) 
used data from electronic medical records, 19 (59%) 
chose retrospective cohort study design, 26 (81%) did not 
report missing predictor data and 5 (16%) that reported 
missing predictor data used complete-case analysis. 
Among the 14 prediction model studies, only 3 (21%) 
had the event per variable over 20, and only 5 (36%) 
reported both discrimination and calibration statistics. 
Among model development studies, 3 (27%) did not report 
statistical methods, 3 (27%) exclusively used statistical 
significance threshold for selecting predictors and 7 
(64%) did not report the methods for handling continuous 
predictors. Most prediction models were considered at 
high risk of bias. The performance of prognostic factors 
showed varying discrimination (AUC 0.58 to 0.95), and the 
performance of prediction models also varied substantially 
(AUC 0.49 to 0.91). Only six studies reported calibration 
statistic.
Conclusions  The methods used for prognostic studies on 
mortality among patients with AAD—including prediction 
models or prognostic factor studies—were suboptimal, 
and the model performance highly varied. Substantial 
efforts are warranted to improve the use of the methods in 
this population.

INTRODUCTION
Acute aortic dissection (AAD) is a life-
threatening cardiovascular disease with high 
mortality, characterised with acute onset and 

rapid progression. The mortality of untreated 
AAD was approximately 1%–2% per hour 
early following the onset of symptoms, and 
the overall in-hospital mortality was approx-
imately 27%.1 2 Treatment options for AAD 
include medical intervention, surgery or 
endovascular repair, the selection of which 
mainly depends on complications and prog-
nosis of patients.3 Better understanding of 
the disease prognosis, ideally predicting the 
risk of a serious outcome, is highly desirable 

Strengths and limitations of this study

►► This systematic review study is the first to identify 
methodological gaps and assess the performance of 
the prognostic factors or prediction models among 
all studies addressing individual prognostic factors 
or developing or validating prediction models on 
mortality among patients with acute aortic dissec-
tion (AAD).

►► This review designed a comprehensive question-
naire that included items from both Prediction mod-
el Risk Of Bias ASsessment Tool (PROBAST) and 
CHecklist for critical Appraisal and data extraction 
for systematic Reviews of prediction Modelling 
Studies (CHARMS) checklists and assessed method-
ological gaps among all studies.

►► This review is important that the methodological 
quality of models designed to support medical de-
cision for patients with AAD, substantial efforts are 
warranted to strengthen the use of rigorous methods 
for the accuracy and reliability of the performance in 
the future research.

►► The small number of prediction models limits the 
recommendation in clinical practice, combining in-
ternational registry of acute aortic dissection (IRAD) 
score and C-reactive protein model showed better 
discrimination than IRAD score, future studies may 
consider updating IRAD model by including other 
relevant biomarkers, which may further improve 
prognostic performance.

►► Our review about the methodological characteris-
tics was primarily based on reporting, which might 
be cases that the researchers had considered the 
methodological issues but did not clearly report.
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for medical decision-making and patient communication, 
among which mortality has the highest priority.

Several published systematic reviews assessed the associ-
ation of inflammatory biomarkers (eg, C-reactive protein 
(CRP)) and marker of cardiac injury (ie, troponin) with 
increased mortality in patients with AAD.4–6 A few studies 
also developed or validated prediction models for mortality 
in AAD,7–9 in which a combination of biomarkers, demo-
graphic and clinical characteristics were included.8 10–14 
As a result, they have received increasing use in clinical 
practice.

However, limited efforts have been made to systemati-
cally examine the performance of the prognostic factors 
or prediction models. In particular, a comprehensive 
assessment is strongly needed to investigate whether the 
published studies—either individual prognostic factor 
studies or prediction models—meet the desirable meth-
odological rigours for clinical use, since suboptimal 
methods can compromise the accuracy and reliability 
of the risk estimation. This is particularly the case for 
AAD, a disease condition, whereby predictability of an 
adverse outcome has paramount importance. Therefore, 
we conducted a systematic review study to identify meth-
odological gaps among all studies addressing individual 
prognostic factors or developing or validating prediction 
models on mortality among patients with AAD.

METHODS
We conducted this systematic review according to a 
prespecified protocol, which was not published.

Eligibility criteria
We developed the eligibility criteria under the Population, 
Index prognostic factor, Comparator prognostic factors, 
Outcome, Timing and Setting (PICOTS) guidance.15 A study 
was eligible for inclusion if it included patients diagnosed with 
AAD; and aimed to identify or assess any prognostic factors 
for mortality, or develop or validate a prognostic model for 
mortality in patients with AAD. We excluded a study if it was 
prediction model for AAD diagnosis only; or the report was a 
review, comment, letter or editorial, case report, protocol or 
conference abstract.

Predictors measured at any time point in the course 
of AAD were eligible. No restriction on study setting was 
applied; patients with AAD who visited any healthcare 
facilities were eligible. We defined a prognostic prediction 
model as a multivariable model, predicting risk of specific 
outcomes occurring in future by selected predictors.16

Literature search and screening
We searched PubMed and EMBASE from inception to June 
2020 for relevant reports published in English language. We 
conducted the search using the Medical Subject Headings 
(MeSH) terms and free texts to identify reports about AAD, 
including ‘aortic dissecting aneurysm’, ‘aortic aneurysm’, 
‘aortic dissection*’ and ‘aortic dissecting hematoma’. We 
applied a validate search strategy for searching prediction 

models, which proved to have high sensitivity and specificity.17 
The full search strategy is presented as online supplemental 
appendix A. Two investigators (YR and SH) independently 
screened all searched reports, and resolved any disagree-
ments through discussion with a third investigator (CL). We 
also manually searched for additional articles from the refer-
ence lists of all selected articles.

Data extraction
We collected the following general information from each 
eligible study, including first author, year of publication, 
study aim, region of study, type of aortic dissection, age 
and sex ratio. We carefully collected information about 
performance of identified prognostic factors or predic-
tion models, including their names and results about 
discrimination, calibration, sensitivity and specificity. 
Discrimination and calibration are the two key measures 
for evaluating the predictive performance of the prog-
nostic factors or prediction models.18

In order to examine the methods used among these 
prognoses studies, a team of methods-trained, expe-
rienced methodologists expertise with prognostic 
studies and prediction models convened to develop a 
questionnaire through a consensus process. They first 
consulted items from the published statements and 
tools (eg, PROBAST, CHARMS checklist) about prog-
noses studies,19 20 and brainstormed for additional 
items. Subsequently, they discussed the identified items 
about their relevance for methods, and dropped items 
that were deemed irrelevant. Finally, they achieved 
consensus about the items through group discussion and 
agreement.

Generally, this questionnaire consists of five domains: 
(1) study design (number of centres, sample size, number 
of events, data sources, epidemiological design); (2) 
participants (definition and selection of participants); (3) 
predictors (definition and measurement of predictors); 
(4) outcome (definition and measurement of outcomes) 
and (5) analysis (were all enroled participants included 
in the analysis, the number of events per variable (EPV), 
statistical method for selecting and handling predictors, 
missing data, model structure used in the study and 
relevant model performance measures evaluated for 
addressing prognostic factors or prediction models). The 
questionnaire was presented as in online supplemental 
appendix B.

Additionally, we used a risk of bias assessment tool 
adapted from the PROBAST tool to assess the risk of bias 
for prediction modelling studies.15 20 The detailed tool 
and assessment criteria are presented in online supple-
mental appendix C.

Statistical analysis
Categorical variables were expressed as the number of 
frequencies and proportion. For quantitative variables, 
data were summarised by mean and SD or median with 
IQR according to normality tests.
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RESULTS
In total, 13 555 records were identified, among which 155 
were selected for full-text screening, and 32 studies were 
eligible and included in the final analysis (figure 1).

General characteristics of included studies
The 32 eligible studies were published between 2002 
and 2019 (online supplemental appendix table 1). Five 
(15%) were multinational studies, and 21 (66%) were 
conducted in the USA, China and Europe. The dissec-
tion types of patients with AAD were mostly Type-A (n=21, 
66%), followed by a mixture of Type-A and Type-B (n=8, 
25%). In-hospital mortality was the most frequently used 
outcome (n=24, 75%, table 1).

Eighteen (56%) studies aimed to evaluate the perfor-
mance of prognostic factors. The most commonly inves-
tigated prognostic factors were D-dimer (DD, n=8), 
neutrophil lymphocyte ratio (NLR, n=4) and CRP (n=3). 
Fourteen (44%) studies aimed to develop or validate a 
prediction model, of which nine developed a new predic-
tion model without any validation, two developed a new 

prediction model with internal validation and three 
conducted external validation with or without updating a 
prediction model (table 1).

Model performance
The performance of prognostic factors showed poor to 
strong discrimination (AUC 0.58 to 0.95). The AUC of 
single prognostic factor ranged from 0.58 to 0.92, and the 
one for combined prognostic factors ranged from 0.77 to 
0.95 (DD and CRP: 0.95; NT-proBNP and aortic diameter: 
0.83; Tenascin-C (TNC) and DD: 0.95; TNC and CRP: 
0.91; cystatin C and high-sensitivity C-reactive protein: 
0.88; UA, DD and age: 0.77,table 2).

The developed or validated models from 11 studies 
showed poor to strong discrimination (AUC 0.49 to 0.91), 
only 6 reported calibrations, and of which 5 reported good 
calibrations (p>0.05). Rampoldi et al developed a prediction 
model and reported moderate discrimination (AUC 0.76). 
But through external validation, scoring systems developed 
by Rampoldi et al showed poor discrimination (30-day 
mortality: AUC 0.56, operative mortality: AUC 0.62). Mehta 

Figure 1  Flow chart of study selection.
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et al (p value for the Hosmer-Lemeshow (H-L) test=0.75) 
developed a prediction model using International Registry 
of Acute Aortic Dissection (IRAD) from multinational data 
and reported good calibration. Through external valida-
tion, IRAD score showed moderate discrimination (AUC 
0.74), addition of CRP to IRAD score notably improved 
discrimination (AUC 0.89, table 2).

Methodological characteristics
Among the 32 studies, most were single-centre studies 
(n=23, 72%). The sample size varied from 35 to 1034 
(median 165, IQR, 103–348), and the median number 
of events was 35 (23–72). Thirteen (41%) studies used 
prospective cohort study design, and the rest 19 (59%) 

used retrospective cohort study design, 22 (69%) used 
data from electronic medical records, 5 (16%) from 
cohort studies and 5 (16%) from registries (table 3).

Thirty-one (97%) studies clearly described inclusion 
and exclusion criteria for participants. The criteria used 
to define and to measure predictors in the study popu-
lation were consistent among all included studies. The 
criteria for outcome definition and measurement was 
consistent in all but one study13 (table 3).

Twenty-two (69%) studies included all enroled partic-
ipants in the analysis. In the handling of missing data, 
30 (94%) studies reported no missing outcome data, 26 
(81%) did not report missing predictor data and 5 (16%) 
reported that there were some predictors with missing 
data, and used complete-case analysis to handle missing 
predictors (table 3).

In 18 prognostic factor studies, 9 (50%) had the EPV 
more than 20, 8 (44%) between 10 and 20 and 1 (6%) 
less than 10; 15 (83%) reported discrimination, sensitivity 
and specificity, other 3 (17%) only reported discrimina-
tion, or sensitivity and specificity; and 11 (61%) chose 
logistic regression model for the analysis, 5 (28%) used 
cox regression, 2 (11%) only used Receiver Operating 
Characteristic (ROC) analysis (table 3).

In the 14 prediction model studies, only 3 (21%) had 
the EPV more than 20, 8 (57%) between 10 and 20 and 
3 (21%) less than 10; 10 (71%) chose logistic regression 
model for the analysis, other four studies used cox regres-
sion, support vector machines, neural networks and 
ROC analysis, respectively. The performance measures 
were poorly reported: only five (36%) reported both 
discrimination and calibration statistics. Eleven (64%) 
studies reported discrimination, measured as AUC of the 
receiver operated curve, and six (43%) reported calibra-
tion, measured as p value for the H-L test. For developing 
a prediction model, three (27%) did not report any statis-
tical methods and three (27%) simply used statistical 
significance for selecting predictors; seven (64%) did not 
report how to handle continuous predictors, four (36%) 
reported continuous predictor was transformed into cate-
gories (table 3).

Risk of bias assessment
The risk of bias for 14 prediction models in the domains 
of participants, predictors and outcome was low for most 
studies, while the risk of bias in the domain of sample size 
and missing data and statistical analysis was generally high 
(table 4). Studies rated high and unclear risk of bias in 
the domains of sample size and missing data, due to low 
number of outcomes per variable (EPV <10), or lack of 
information about the method on handling missing data. 
The main reasons for studies rated high and unclear risk 
of bias in the domains of statistical analysis are as follows: 
the predictors are selected on the basis of univariable 
analysis prior to multivariable modelling, lack of informa-
tion on whether continuous predictors are examined for 
non-linearity and how categorical predictor groups are 

Table 1  General characteristics about design and conduct 
of studies

Characteristics Number (%)

Study region

 � One country 27 (84.4)

 � China 14 (43.8)

 � USA 3 (9.4)

 � Europe 4 (12.5)

 � Other 5 (15.6)

 � Multinational 5 (15.6)

Multicentre study

 � Yes 9 (28.1)

 � No 23 (71.9)

The most commonly reported prognostic biomarkers (n=18)

 � D-dimer 8 (44.4)

 � NLR 4 (22.2)

 � CRP 3 (16.7)

Study purpose

 � Identification or assessment of 
prognostic factors

18 (56.2)

 � Development or validation of a 
prediction models

14 (43.8)

 � Develop a model without validation 9 (28.1)

 � Develop a model internal validation 2 (6.3)

 � External validation 3 (9.4)

Dissection type

 � A 21 (65.6)

 � B 3 (9.4)

 � A/B 8 (25.0)

Outcome (some studies have more than one outcome, such as 
in-hospital mortality and 1 year mortality)

 � In-hospital mortality 24 (75.0)

 � Operative mortality 2 (6.25)

 � 30-Day mortality 4 (12.5)

 � Long-term mortality (included 1 year 
mortality)

5 (15.6)

CRP, C-reactive protein; NLR, neutrophil lymphocyte ratio.
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Table 3  Methodological characteristics of included studies

Characteristics

Number (%) 
or median 
(IQR)

Sample size (n) 165 (103–348)

Death events (n) 35 (23–72)

Multicentre study

 � Yes 9 (28.1)

 � No 23 (71.9)

Epidemiological design

 � Prospective cohort 13 (40.6)

 � Retrospective cohort 19 (59.4)

Data sources

 � Cohort study 5 (15.6)

 � EMR data 22 (68.8)

 � Registry 5 (15.6)

Did the study clearly describe inclusion/
exclusion criteria for participants?

 � Yes 31 (96.9)

 � No 1 (3.1)

Consistent definition/diagnostic criteria of 
predictors used in all participants

 � Yes 32 (100.0)

 � No 0 (0)

Consistent measurement of predictors used 
in all participants

 � Yes 32 (100.0)

 � No 0 (0)

Consistent definition/diagnostic criteria of 
outcomes used in all participants

 � Yes 31 (96.9)

 � No 1 (3.1)

Consistent measurement of outcomes used 
in all participants

 � Yes 31 (96.9)

 � No 1 (3.1)

Were all enroled participants included in the 
analysis?

 � Yes 22 (68.8)

 � No 10 (31.2)

Was missing outcome data reported, and 
the methods for handling missing outcome

 � Yes, complete-case analysis 1 (3.1)

 � No 30 (93.8)

 � Not reported 1 (3.1)

Was any missing predictor data reported, 
and the methods for handling missing 
predictor

 � Yes, complete-case analysis 5 (15.6)

 � No 1 (3.1)

Continued

Characteristics

Number (%) 
or median 
(IQR)

 � Not reported 26 (81.3)

Prognostic factors (n=18) prediction models

Number of outcomes/events in relation 
to the number of predictors for assessing 
prognostic factors (EPVs)

 � <10 1 (5.6)

 � 10–20 8 (44.4)

 � ≥20 9 (50.0)

Model structure used in the study

 � Logistic regression 11 (61.1)

 � Cox regression 5 (27.8)

 � ROC analyses (not report regression) 2 (11.1)

Relevant model performance measures 
evaluated for addressing prognostic factors

 � AUC 2 (11.1)

 � AUC, sensitivity, specificity 15 (83.3)

 � Sensitivity, specificity 1 (5.6)

Prediction models (n=14)

Number of outcomes/events in relation to 
the number of predictors in multivariable 
analysis (EPVs)

 � <10 3 (21.4)

 � 10–20 8 (57.1)

 � ≥20 3 (21.4)

Model structure used in the study

 � Logistic regression 10 (71.4)

 � Cox regression 1 (7.1)

 � ROC analyses (not report regression) 1 (7.1)

 � Logistic regression and support vector 
machines

1 (7.1)

 � Logistic regression and neural networks 1 (7.1)

Relevant model performance measures 
evaluated for addressing prediction models

 � AUC, p value of Hosmer-Lemeshow test 5 (35.7)

 � AUC 4 (28.6)

 � AUC, sensitivity, specificity 2 (14.3)

 � P value of Hosmer-Lemeshow test 1 (7.1)

 � Expected and observed 1 (7.1)

 � Sensitivity, specificity 1 (7.1)

Develop prediction models (n=11)

Statistical method for selecting predictors 
during addressing prediction models

 � Univariate analysis of predictors by P 
value

3 (27.3)

 � Univariate analysis of predictors by p 
value and other specific predictors

3 (27.3)

Table 3  Continued

Continued
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defined and either calibration or discrimination are not 
reported.

DISCUSSION
Summary study findings
In this systematic review, we identified 32 studies addressing 
prognostic factors or prediction models for mortality 
among patients with AAD . As noticed in this review, the 
performance of prognostic factors or prediction models 
was most commonly evaluated by the AUC and H-L test. 
Most assessment of prognostic factors demonstrated 
moderate discrimination. The factors using combined 
TNC and DD, or combined DD and CRP showed strong 
discrimination (AUC 0.95). The prediction models showed 
poor to strong discrimination (AUC 0.49 to 0.91). The 
prediction model European System for Cardiac Operative 
Risk Evaluation (EuroSCORE II) showed poor discrimina-
tive ability (AUC 0.49) and poor calibration (p value for 

the H-L test <0.001). One explanation may be that Euro-
SCORE II is a risk model which allows the calculation of 
the risk of death after a heart surgery, and is not related 
to prognosis of patients with AAD, because not all patients 
with aortic dissection undergo surgical treatment, and 
some of them undergo endovascular treatment. Mehta et 
al’s7 model showed better discrimination (0.74) than the 
EuroSCORE II. Meanwhile, Mehta et al used IRAD from 
multinational data reported good calibration. Through 
external validation, IRAD score showed moderate discrimi-
nation (AUC 0.74), addition of CRP to IRAD score notably 
improved discrimination (AUC 0.89). Hence, the predic-
tion model for mortality in AAD should consider including 
biomarkers as predictors to improve discrimination.

In this systematic review, we found that most studies 
had small number of sample sizes and events, were 
derived from a single-centre study and a relatively large 
proportion of studies chose to use retrospective data. 
Most studies did not describe information on missing 
data nor accounted for appropriate statistical methods 
for handling missing data.

For developing or validating prediction models, we 
found that most were considered at high risk of bias; the 
number of EPV in most studies was relatively small, which 
result in prediction performance of models being possibly 
biased21 22; most studies did not evaluate both discrim-
ination and calibration. Almost all studies reported 
discriminative ability of prediction models, while only six 
studies reported calibration. For developing prediction 
models, we found that some studies based on statistical 
significance for selecting variable may lead to subop-
timal models; most studies did not report how to handle 
the continuous variable, and linear assumption may be 
inappropriate.

Characteristics

Number (%) 
or median 
(IQR)

 � Stepwise selection 2 (18.1)

 � Not reported 3 (27.3)

Handling the predictors for addressing 
prediction models

 � Continuous predictor was transformed 
into categories

4 (36.4)

 � Not reported 7 (63.6)

.EMRs, electronic medical records; EPV, events per variable.

Table 3  Continued

Table 4  Risk of bias of included prediction model studies

Study ID Participants predictors Outcome
Sample size and 
missing data

Statistical 
analysis

Zhang et al (2015)40 L L L H H

Tolenaar et al (2014)8 L L L H H

Mehta et al (2002)7 L L L U U

Ghoreishi et al (2018)41 L L H U H

Centofanti et al (2006)42 L L L U H

Santini et al (2007)43 L L L U H

Rampoldi et al (2007)44 L L L L H

Leontyev et al (2016)45 L L L U H

Zhang et al (2019)46 L L L H H

Macrina et al (2010)47 L L L H H

Macrina et al (2009)48 L L L H H

Ge et al (2013)49 H H L H H

Yu et al (2016)50 L L L H H

Vrsalovic et al (2015)9 L L L H H

L, low risk; H, high risk; U, unclear risk.
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Implications for future study
Although some studies showed good discrimination and 
calibration, our findings highlighted important meth-
odological limitations among those studies. Then it is 
possible that the result is not accurate and reliable. So 
in the future, studies about prognostic factors or predic-
tion models for mortality in AAD should enrol large 
patient population from multicentre setting, meanwhile 
consider cohort designs, the imputation of missing data. 
Multiple imputation techniques to deal with missing 
data are important when evaluating model performance. 
Excluding cases with missing data may lead to biased 
results.23

Studies about prediction models for mortality in AAD 
should consider appropriate methods for selecting vari-
able and handling the continuous variable, and evalu-
ating both discrimination and calibration. The number 
of participants and events should be planned, and the 
number of EPV should be at least 10. If the number 
of events is low relative to the number of predictors, 
penalised regression may be better than the standard 
regression. Stability selection and subsampling have 
demonstrated to yield more stable models based on a 
consistent selection of variables, so they should be used 
in future studies for prediction model.24 Discrimination 
should not be reported in isolation because a poorly 
calibrated model can present the same discriminative 
capacity as a perfectly calibrated one.25 Reporting both 
discrimination and calibration is highly recommended 
for evaluating performance measures. Validating the 
prediction models should be considered, as both model 
development and validation are essential processes for 
establishing a useful prediction model.26

A prediction model most suitable for clinical practice 
should include a relatively small number of variables, be 
easily interpreted and have good statistical performance. 
Apart from the well-established IRAD model, our review 
found that the combined IRAD score and CRP model 
used less variables and showed better discrimination than 
IRAD score alone. These characteristics may warrant daily 
practice of the combine model. Moreover, future studies 
may consider updating IRAD model by including other 
relevant biomarkers, which may further improve prog-
nostic performance in clinical practice.

Strengths and limitations
To our knowledge, no systematic review looking at the 
methodology characteristics and performance of prog-
nostic factors or predictive models for mortality in AAD 
has been published. Whether these existing prognostic 
factors or prediction models may be used to guide or 
improve clinical practice remains underexplored. Should 
we seek better prognostic factors or prediction models? 
Should we continue using and validating these prognostic 
factors or prediction models? There is consensus on this 
issue among commentators. We should seek better prog-
nostic factors or prediction models. Substantial efforts 
are warranted to strengthen the use of rigorous methods 

for the accuracy and reliability of the performance in the 
future research.

A limitation of the present study is that our review about 
the methodological characteristics was primarily based on 
reporting. There might be cases that the researchers had 
considered the methodological issues but did not clearly 
report. This situation also emphasised the importance of 
complete reporting.

CONCLUSIONS
In conclusion, DD, NLR and CRP predictors were the 
most commonly used biomarkers, the performance of 
prognostic factors showed a poor to strong discrimination, 
the prediction models varied substantially, only six studies 
reported the calibration, and of which five reported good 
calibration. Meanwhile, many of these prognostic factors 
or predictive models are weak methodologically, several 
important issues are needed to consider for strength-
ening for predicting mortality in AAD, such as the sample 
size, the methods for handling missing data, appropriate 
statistical analysis methods and reporting both calibration 
and discrimination for prediction models. Substantial 
efforts are warranted to improve the use of the methods 
for better care of this population.
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