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Abstract

Purpose: To develop a computerized algorithm, or Clinical Decision
Support System (CDSS), for managing and requesting imaging in the
emergency department, specifically Computerized Tomography Angiography
(CTA) of the aorta, when there is suspicion of AAS, and to determine the effect
of implementing this system. To determine the factors associated with a positive
radiological diagnosis that improve the predictive capacity of CTA findings.

Methods: After developing and implementing an evidence-based algorithm,
we studied suspected cases of AAS. Chi-squared test was used to analyze
the association between the variables included in the algorithm and radiological
diagnosis, with three categories: no relevant findings, positive for AAS, and
alternative diagnoses.

Results: 130 requests were identified; 19 (14.6%) had AAS and 34 (26.2%)
had a different acute pathology. Of the 19 with AAS, 15 had been stratified as
high risk and 4 as intermediate risk. The probability of AAS was 3.4 times higher
in patients with known AA (p = 0.021, 95% CI 1.2-9.6) and 5.1 times higher in
patients with a new aortic regurgitation murmur (p = 0.019, 95% CI 1.3-20.1).
The probability of having an alternative severe acute pathology was 3.2 times
higher in patients with hypotension or shock (p = 0.02, 95% CI 1.2-8.5).
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Conclusion: The use of a CDSS in the emergency department can help
optimize AAS diagnosis. In our hospital it improved AAS management and the
diagnostic yield of CTA.

Keywords: Acute aortic syndrome; Chest pain; Thoracic pain; Algorithm;
Aortic CT angiography; Clinical decision support system (CDSS)

This varied presentation along with the lack of specific biomarkers
make AAS difficult to diagnose. Due to its rapid progression and high
mortality (40% immediate mortality and 1-2% per hour from the
onset of symptoms), tools for a rapid, accurate diagnosis are needed
[1,4,5].

Abbreviations

AAS: Acute Aortic Syndrome; ACCF/AHA: American College
of Cardiology Foundation/American Heart Association; ACR:
American College of Radiology; AA: Aortic Aneurysm; CDSS:
Clinical Decision Support Systems; CTA-A: Computed Tomography
Angiography of the Aorta; ESC: European Society of Cardiology;
PTE: Pulmonary Thromboembolism

Due to the prognostic implications of diagnostic error or delay,
algorithms or clinical decision support systems (CDSS) are essential

B to guide the clinician in their diagnostic approach.
Introduction 8 8 PP

) . o The main objectives of this study were:
Acute Aortic Syndrome (AAS) has an estimated incidence of

2-3.5/100,000 population/year [1]. . To develop a CDSS to improve the appropriateness of
Computed Tomography Angiography (CTA) of the aorta when AAS

The classical presentation is of sudden onset of intense chest, . . .
b ont " is suspected in the emergency department and to determine the effect

abdominal, or back pain, described as sharp, piercing, tearing,
or stabbing. Although pain is the most reported symptom, there
is great variety in clinical presentation [2]. There are also several o

of its implementation.

To identify the risk factors (past medical history,

processes that can mimic AAS, including acute coronary syndrome,
pleuropulmonary, gastrointestinal, or musculoskeletal pathology,
hypotension, and visceral or limb ischemia [3].

presentation, examination findings) associated with a positive
diagnosis of AAS on CTA and that could help in developing a clinical
prediction rule.
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Materials and Methods

This study forms part of the multicenter project MAPAC-imagen
(Mejora de la Adecuacion de la Prdctica Asistencial y Clinica, meaning
Improvement of Appropriateness of Health Care and Clinical Practice)
funded by the ISCIII as part of their Accién Estratégica en Salud
(Strategic Health Action) between 2013 and 2016. The project was
approved by the hospital ethics committee.

The study was conducted in the following phases:

Phase 1: Development of the algorithm for radiological
management in cases of suspected AAS

Literature review: The databases Best Practice, Dynamed, Up
to Date, Ovid, MEDLINE and EMBASE were consulted, as well as
repositories of clinical practice guidelines, ACR guidelines (ACR
appropriateness criteria), guidelines from the ACCF/AHA and the
ESC, to identify relevant documents on the diagnostic management
and risk factors for AAS.

For this systematic search we combined search terms associated
with the disease (acute aortic syndrome, aortic dissection, acute
intramural hematoma, penetrating aortic ulcer, periaortic hematoma,
unstable aneurysm), the reason for attendance (acute chest pain,
thoracic pain, chest pain, sudden onset excruciating anterior or
interscapular), crossing them with terms for the imaging technique
and synonyms (aortic CT angiography, CT angiography, contrast
enhanced CT), and the study setting (emergency). To restrict the
search we used methodological filters for clinical prediction rules
including Haynes Broad Filter (HBF) and Teljeur/Murphy Inclusion
Filter 26 items (TMIF-26) and exclusion filter (TMEF).

Development of the algorithm, consensus and implementation:
The documents identified in the search were screened, and those
considered most relevant as a source of evidence were selected to
create the decision support algorithm on the use of CTA for diagnosis
of AAS. After analyzing the selected literature we created a narrative
synthesis, and the information was used to design an algorithm that
took into account the risk factors analyzed in these studies. This
algorithm was discussed and consensus opinion sought in an in-
person meeting of experts using the Delphi panel technique to assess
the appropriateness of the factors included and a second virtual
round to reach consensus on factors which had not been agreed upon
in the in-person round.

The final algorithm was integrated in the electronic medical record
system of our hospital, so that when CTA of the aorta was requested
in patients with suspicion of AAS, it generated a pop-up window
with questions prompting selection of risk factors. Based on these, it
stratified the degree of suspicion of AAS, and the system would then
indicate whether or not CTA of the aorta would be appropriate.

Phase 2: Analysis of the outcomes of implementation
Design:

Impact of implementation of the algorithm: This was a before-
and-after study (pre- and post-implementation of the CDSS), of
6 months’ duration for each period, in which all requests for CTA
aorta for suspected AAS were collected. We evaluated the number of
requests for CTA for suspected AAS and the diagnostic yield of these

(normal study, findings of AAS, or other unrelated findings).

Exploration of risk factors associated with radiological
findings: All cases of suspected AAS in the 27 successive months after
implementation of the algorithm (March 2016 to June 2018) were
studied. We evaluated the association between the factors included in
the CDSS and the radiological findings on CTA.

Statistical analysis

Univariate multinomial regression models were used to evaluate
the association between the risk factors included in the algorithm
and the radiological findings, with three categories: normal study
or irrelevant/nonpathological findings, study diagnostic of AAS, or
study with findings of other acute pathologies different from AAS. No
multivariate models were used due to the low frequency of positive
findings.

P-values <0.05 were considered indicative of statistical

significance.

For statistical analysis the program STATA v.15.1 (StataCorp
LLC, 4905 Lakeway Drive, College Station, Texas, USA) was used.

Results

Literature review

The literature search identified 573 studies; 6 of these were
excluded as duplicates and 550 as the articles did not meet the criteria
(e.g. case series, primary studies, studies not in English or Spanish,
or in a pediatric population). Ultimately, the analysis and qualitative
synthesis included 17 studies that were used to develop the decision
support algorithm. These studies were mainly clinical practice
guidelines [1,4], imaging appropriateness guidelines [5-7], systematic
reviews [8-14] and metaanalysis [15] and other studies that evaluated
risk factors for AAS [16,17]. No clinical prediction rules were
identified. The screening and selection process is shown in Figure 1.

Development and application of the algorithm

Based on the algorithm proposed by the ACCF/AHA [1] we
created a modified decision support algorithm. This algorithm was
discussed among the panel of experts until a consensus was reached.
The outcome of the consensus is shown in Figure 2.

The algorithm was designed for use in patients with clinical
suspicion of AAS, identifying risk factors as indicated in Figure 2. It
takes into account the presence, or not, of risk factors from the past
medical history, clinical presentation, and examination findings.

570 records identified 3 additional records identified
through database searching through other sources

! !

| 567 records after duplicates removed |

|
I 567 records screened I—v
|

17 full-text articles
assessed for eligibility

560 records
excluded

Figure 1: Literature search process.
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ldentification of patients at risk:

Syncope
SUSPECTED AAS I - Chest,back!‘nrr ab%ommal pain

Hypoperfusion signs or symptoms
ECG negative for acute coronary syndrome

HIGHRISK CONDITIONS HIGH RISK PAIN FEATURES HIGH RISK EXAMINATION FEATURES
Marfan syndrome Chest, back, or abdominal pain described as: Evidence of perfus\gn. d_eﬁmt:
+  Pulse deficit between arms

Connective tissue disease Abrupt in onset/severe in intensity +  Systolic BP differential (20 mmHg)

Family history of aortic disease and «  Focal neurclogical deficit (with pain)
STEP 1 Y i Ripping, tearing, sharp or stabbing

Known valve disease Murmur of aortic insufficiency (new or not know, with pain)

Recent aortic manipulation
Hypotension or shock

Known thoracic aortic aneurysm

LOW RISK: No high risk features present
STEP 2 INTERMEDIATE RISK: Any single high risk feature present

HIGH RISK: Two or more high risk features present

[ Low OR INTERMEDIATE RISK — SH[;E[SE%(-RA‘( (2 projections)

[sera]
!

: : : Chest X-ray suggestive of AAS
Chest X-ray normal or alternative diagnosis andlor

or D-dimer <500 ng/dl D-dimer =500 ) CT-ANGIOGRAPHY
Unexplained hypotension

Figure 2: Algorithm for AAS risk stratification and diagnostic management.
Step 1: Scoring based on the presence of risk factors. Each existing condition scores one point. Abrupt-onset, severe pain with any of the classical characteristics

described (it need not meet all descriptive criteria) scores 1 point. Any sign of perfusion deficit, new-onset aortic regurgitation murmur or the presence of hypotension
or shock each score 1 point, independently.

Step 2: Risk stratification. Score 0: low risk. Score 1: Intermediate risk. Score 2 or more: high risk.

Step 3: Diagnostic approach. Low or intermediate risk: measure D-dimer (with cutoff of 500 ng/mL) and perform PA and lateral chest X-ray. If these suggest a
different diagnosis or are normal, CTA of the aorta is not indicated. If D-dimer is raised, chest X-ray suggests aortic pathology, or there is unexplained sustained
hypotension, CTA of the aorta should be performed. High risk: perform urgent CTA aorta as a first line.

Table 1: Absolute and Relative Frequencies of Each of the Positive Risk Factors Recorded on CTA Requests According to Radiological Diagnosis.

No Relevant Findings AAS Alternative Diagnosis
n=77 n=19 n=34
Marfan Syndrome 0 (0.0%) 0 (0.0%) 3 (8.8%)
Connective Tissue Disease 2 (2.6%) 1(5.3%) 3 (8.8%)
Family History of Aortic Disease 5 (6.5%) 1(5.3%) 4 (11.8%)
Known Valve Disease 26 (33.8%) 7 (36.8%) 5 (14.7%)
Recent Aortic Manipulation 6 (7.8%) 4(21.1%) 3 (8.8%)
Aortic Aneurysm 19 (24.7%) 10 (52.6%) 6 (17.6%)
High-Risk Pain 48 (62.3%) 12 (63.2%) 23 (67.6%)
Perfusion Deficit 13 (16.9%) 4 (21.1%) 11 (32.4%)
Murmur of Aortic Regurgitation 5 (6.5%) 5 (26.3%) 5 (14.7%)
Hypotension or Shock 10 (13.0%) 5 (26.3%) 11 (32.4%)
Analysis of the outcomes of implementation implementation period, the results of all the tests requested were

In the two periods analyzed, before and after implementation nfegative for AAS; in the post—implahntation .period, AAS was
of the CDSS, a similar number of patients attended the emergency dl'flgr.los.ed in one (5%). There was also an increase in acute pathologies
department (69081 and 72915, respectively). The total number mimicking AAS (5 cases, 24%).
of CTs requested was also similar (5081 and 5563, respectively). In the post-implementation follow-up period (27 months), 130
After implementation of the CDSS, the number of CTAs requested ~ CTA requests for suspected AAS were recorded; 19 of these (14.6%)
for suspicion of AAS doubled (10 vs. 21 requests). In the pre-  were diagnostic of AAS and 34 (26.2%) of other acute pathology. In
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Table 2: Association Between Risk Groups by Pretest Probability of AAS; Absolute and Relative Frequencies of Findings on CTA Grouped into No Relevant Findings,

Positive Findings for AAS and Findings Associated with Other Acute Processes.

Risk Category No Relevant Findings AAS Alternative Diagnosis Total
Low 7 (70%) 0 (0%) 3 (30%) 10
Intermediate 27 (56.3%) 4 (8.3%) 17 (35.4%) 48
High 43 (59.7%) 15 (20.8%) 14 (19.4%) 72
Total 77 (59.2%) 19 (14.6%) 34 (26.2%) 130

Table 3: Absolute and Relative Frequencies of Alternative Diagnoses Identified
on CTA.

No. of Patients = Percentage of Patients
Pulmonary Thromboembolism 3 8.80%
Pulmonary Disease 7 20.60%
Cardiac Disease 11 32.40%
Abdominal Disease 8 23.50%
Aortic Prosthesis Complication 3 8.80%
Bone Fracture (Ribs, Vertebrae) 2 5.90%
Total 34 100%

total, 53 patients (40.7%) benefitted from undergoing urgent CTA
because it showed significant pathological findings.

The frequency of the different variables classified as risk factors
is presented in Table 1, the most relevant ones being high-risk pain
characteristics (83 patients, 63.8%) and a past history of AA (52.6%).

Regarding risk stratification, 10 patients (7.7%) were in the low-
risk group, 48 (36.9%) were in the intermediate-risk group and 72
(55.4%) were in the high-risk group.

Table 2 shows the number of CTAs that were positive for AAS,
and for other serious acute pathologies, grouped according to pretest
probability. Nineteen patients (14.6%) were diagnosed with AAS and
34 (26.2%) were diagnosed with other acute conditions.

The alternative radiological diagnoses in the patients with acute
pathology other than AAS are presented in Table 3, with cardiac
disease being the most prevalent (32.4%).

The univariate analysis of the association of the different

radiological diagnoses with each of the factors included in the decision
support algorithm is shown in Table 4. The probability of AAS was
3.4 times higher in patients with known AA (p = 0.021; 95% CI 1.2-
9.6) and 5.1 times higher in patients with a new murmur suggestive
of aortic regurgitation (p = 0.019; 95% CI 1.3-20.1). The probability
of having an alternative acute severe pathology was 3.2 times higher
in patients with hypotension or shock (p = 0.02, 95% CI 1.2-8.5). This
variable did not show an increased risk of AAS that reached statistical
significance.

Chest X-ray was performed in 54 patients and provided an
alternative diagnosis in 20 of them (37%). When analyzed with Chi-
squared test, the probability of having an alternative acute severe
pathology was twice as high in patients with abnormalities on chest
X-ray (p = 0.022).

Discussion

Prior to the use of algorithms, AAS was misdiagnosed in more than
30% of cases [6,7]. In 2010, the ACCF/AHA, along with other North
American scientific societies and colleges published an algorithm for
the diagnosis and management of AAS by stratification into three
risk groups, using a scoring system based on the presence of defined
risk factors: the Aortic Dissection Detection Risk Score (ADD-RS)
[1]. In 2014 the ESC [4] and the ACR [5] published guidelines for
the diagnosis and treatment of aortic disease and appropriate use of
investigations.

These three guidelines recommend CTA aorta with cardiac
synchronization as the technique of choice, especially in patients
with a high pretest probability [5]. This also allows a triple rule-out
of PTE and acute coronary syndrome. Plain chest X-ray can help to

Table 4: Univariate Multinomial Logistic Regression Analysis of the Association of the Risk Factors from the Decision Support Algorithm with Findings of AAS or Other

Unrelated Findings.

Univariate multinomial logistic regression

AAS RRR (95% Cl)

Alternative Diagnosis RRR (95% ClI)

Marfan Syndrome

Not estimable

Not estimable

3.63 (0.58-22.79)

Connective Tissue Disease 2.08 (0.18-24.26)

Family History of Aortic Disease 0.80 (0.09-7.28)

1.92 (0.48-7.65)

Known Valve Disease 1.14 (0.40-3.25)

0.34 (0.12-0.98)

Recent Aortic Manipulation 3.16 (0.79-12.57)

1.15 (0.27-4.88)

Aortic Aneurysm 3.39 (1.20-9.59)

0.65 (0.24-1.82)

High-Risk Pain 1.04 (0.37-2.93)

1.26 (0.54-2.97)

Perfusion Deficit 1.31 (0.37-4.60)

2.35 (0.93-5.99)

Murmur of Aortic Regurgitation 5.14 (1.31-20.15)

2.48 (0.67-9.22)

Hypotension or Shock 2.39 (0.71-8.09)

3.20 (1.20-8.53)

RRR: Relative Risk Ratio.
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establish an alternative diagnosis in patients with low or intermediate
risk [1]. In low-risk patients, the ESC allows rule-out of AAS with a
chest X-ray not suggestive of AAS and negative D-dimer (less than
500ng/dL) [4].

The high prevalence of cardiac disease mimicking AAS,
confirmed in our series, justifies our recommendation to rule this
out with an ECG before applying the algorithm, in contrast to the
AHA [1], who suggests using it only in patients who are intermediate
risk. We think it is appropriate to perform a chest X-ray in patients
with intermediate or low risk as it provides an alternative diagnosis
in 37% of these patients. We added D-dimer measurement in patients
who are low or intermediate risk, based on the results of a recent
metaanalysis [18] that showed that adding this to ADD-RS reduced
the error rate in these groups.

In the validation study of ADD-RS applied to the 2011 IRAD
database [19], the results by risk group were similar to ours. However,
in our study, all AASs were included in the categories of intermediate
and high risk, with 78.9% in the high-risk group vs 59% in the 2011
study.

The main risk factor for AAS in our series was high-risk pain,
the same as in the IRAD database published in 2018 [20]. We also
found a similar prevalence of hypotension and hypoperfusion. We
obtained discordant results for history of AA and aortic regurgitation
murmur. We also found discrepancies compared with the ADD-RS
validation study [19] for known aortic valve disease and recent aortic
manipulation.

Recently, alternative scoring systems have been published, such
as the 2020 Canadian guidelines [21], which are based on those from
the AHA. In line with our results, they give greater importance to the
presence of typical pain, history of AA, and new aortic regurgitation
murmur. Another of these is the AORTA score [22], in which the
percentage of AAS was similar to that in our study, and, as in our
study, history of AA was associated with a significantly higher
probability of AAS. By way of differences, both algorithms gave
greater value to hypotension or shock, while in our series this variable
was associated with alternative diagnoses, but not with AAS.

Our series confirms the great variability in AAS presentation,
as well as conditions that may mimic AAS. We found differences
compared with the 2013 study by Lovy et al. [16], with a higher
prevalence of PTE and other pulmonary pathologies. Compared
with the Canadian guidelines [21], we found a higher prevalence
of cardiac abnormalities, PTE, and other pulmonary pathologies,
which may mean that their modified algorithm was more specific for
differentiating AAS from cardiac and pulmonary disease. In contrast,
we had a lower prevalence of musculoskeletal pathology.

The implementation of this CDSS in our hospital notably
increased detection of potentially serious pathologies that mimic
AAS using CTA aorta, especially those that cause hemodynamic
instability. The great variability in presentation of AAS makes it
necessary to include multiple variables to increase the sensitivity of
the algorithm and avoid underdiagnosis without having to perform
unnecessary investigations in patients with low pretest probability.

Limitations

This CDSS was implemented in a tertiary hospital, so we cannot

extrapolate the results to other non-tertiary hospitals. We did not
assess the satisfaction of the professionals using the algorithm or
the potential difficulties of putting the system into practice. We
do not know how many AAS were not diagnosed due to incorrect
application of the algorithm or incorrect stratification, so we cannot
calculate the sensitivity and specificity of our score. The differences
from other studies based on IRAD must be interpreted with caution,
as our study, unlike IRAD, included the whole AAS spectrum.

The study period was very short for such an uncommon condition,
which led to the low number of patients with a positive diagnosis of
AAS. We were unable to prolong the study period due to issues with
the electronic medical record system at our hospital. The number of
observations and their retrospective nature are insufficient to develop
a clinical prediction rule. A prospective validation study of the score
with more patients is needed.

Conclusions

The use at our hospital of this evidence-based pathway for
requesting CTA in patients with suspected AAS achieved an
improvement in AAS management and in the diagnostic yield of this
test.

All the patients who had AAS had been stratified as high or
intermediate risk. The data analysis showed a higher probability of
AAS, which reached statistical significance, in patients with known
AA or with a murmur suggestive of aortic regurgitation. In addition,
it demonstrated an increased probability of having an alternative
acute serious pathology in patients with hypotension or shock.

Plain chest X-ray along with D-dimer measurement in patients
with low or intermediate probability of AAS allows clinicians to
determine alternative diagnoses and reduce unnecessary CTA
requests.

The use of a sensitive algorithm in the emergency department
that includes information on presentation, examination findings, past
medical history, and other investigations can be useful to optimize
the diagnosis of AAS.
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