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Abstract

Acute aortic syndromes, including aortic dissection (AD), are rare. The AD detection risk score (ADDRS) and
associated investigation pathway were developed to reduce missed diagnosis of AD. The methodology for
its development was sub-optimal and it has not been robustly validated in the emergency department chest
pain population. Recent research suggests that it will drive over-investigation and that the risks of missed
diagnosis may not be in balance with the risks of the testing strategy. There are serious doubts about whether
the score and investigation pathway are fit for purpose.
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Acute aortic syndromes, including aortic dissection (AD), are rare. Presentation is variable and misdiagnosis
is common [1]. In those that survive to reach hospital, chest pain is a common, but not universal, symptom [2].
Even among emergency department (ED) chest pain patients, AD is rare. Using data from the United States,
AD was found to be present in approximately 1:12,000 ED visits and approximately 1:980 patients presenting
with atraumatic chest pain [2]. It is not known whether this is representative of experience in other countries.

Using consensus methodology and registry data, the American Heart Association, in collaboration with
other stakeholders (but not emergency physicians), developed the AD detection risk score (ADDRS) and
an associated investigation pathway [3]. Its aim was to reduce the rate of misdiagnosis. The score, out of
three, allocates one point each for the presence of high-risk conditions, high-risk pain features and high-risk
examination features. High risk conditions are defined as Marfan’s syndrome, family history of aortic disease,
known aortic valve disease and known thoracic aortic aneurysm. High risk pain is defined as chest, back or
abdominal pain that is either of abrupt onset or severe intensity or ripping/tearing in character. High risk
examination features are defined as evidence of a perfusion deficit, focal neurological signs or new artic
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insufficiency in the presence of pain or hypotension/shock [3]. The score was designed to apply to all chest
pain patients.

The associated diagnostic pathway recommends D-dimer testing for scores < 1 (including 0) and
computed tomography angiography (CTA) for scores > 1, with positive D-dimer results (> 500 ng/mL) also
proceeding to CTA.

In effect, the ADDRS and associated pathway is promoted as a clinical decision rule for use in ED.
Unfortunately, it was not developed using methodology that would be widely accepted for development
of such rules [4]. The key weakness is that the variables chosen for inclusion in the score have not been
adequately tested for their discriminative performance in ED chest pain patients. Further, the relative weight
assigned to the variables does not appear to be based on statistical analyses. Additionally, there has not been
robust validation on the population of interest—the undifferentiated ED chest pain population. The lens of
those who developed the ADDRS was that of those who image or treat AD. Unfortunately, those groups did not
have broad experience of chest pain in ED.

Previous research has focussed on establishing the sensitivity of the score and pathway, which is
high—99.9% in a recent systematic review [5]. Little attention has been given to specificity of the score. The
majority of studies have been limited to patients in whom AD was suspected or identified as a differential
diagnosis. They therefore exclude patients in whom AD was not considered or was considered so unlikely
that inclusion as a differential diagnosis was not thought clinically justified. Medical litigation has identified
these reasons as contributors to missed diagnosis of AD [6].

There has been very limited research on the impact of broad application of the score and pathway. For
example, it could result in increased rates of testing, especially CTA, with its inherent risks. If the proportion
of patients with AD is very low, this could result in more harm than good.

A recent study explored the distribution of ADDRS in undifferentiated chest pain patients and estimated
the impact on testing that would flow if the recommended investigation strategy was applied to patients
with a final ED diagnosis of non-specific chest pain, i.e. after other causes had been excluded [7]. It found that
23.7% of chest pain patients had a score of 0, 72.7% had a score of 1 and 3.6% had a score of 2. No patients
had a score of 3. No patients reported high risk conditions associated with AD. High-risk pain features were
present in 75.5% of patients. High risk examination features were present in 4.3% of patients. Of patients
with an ADDRS score of 1, 99% were due to patient reported pain features alone. No patient was diagnosed
with AD. The estimated impact of the implementation of the ADDRS score investigation pathway in patients
with a final ED diagnosis of non-specific chest pain was a 280% increase in D-dimer testing and a 2,200%
increase in CTA testing. It was estimated that 23% of ED patients with non-specific chest pain would require a
CTA, compared to the estimated prevalence of AD in the ED chest pain population of 0.1% [2]. This prevalence
is probably over-estimated, because its derivation set would have included patients with high-risk conditions
and high-risk examination features—characteristics not usually present in patients with a final ED diagnosis
of non-specific chest pain.

If it is assumed that the risk of missed AD after an ED assessment is somewhere between
1:1,000 and 1:5,000, this needs to be balanced against the risks associated with CTA. The risk of cancer risk
from radiation associated with CTA (fatal or non-fatal) is age dependent. It has been estimated for males to
be at 1:636 at age 40 and 1:860 at age 60. For women, the estimated risk is 1:590 for 40-year-olds and 1:890
for 60-year-olds respectively [8]. The risk is higher for younger people. The risk of life-threatening, severe
allergic reaction from contrast administration is estimated at 1:1,000, with a 1:75,000 risk of death [9]. There
is also a small risk of contrast nephropathy and risks associated with the discovery of incident findings. This
risk balancing analysis suggests that, for patients in whom pain features are the only ‘risk factor’, application
of the ADDRS investigation pathway poses more risks than benefits. Even if the score was 100% sensitive in
chest pain patients, there would still be missed AD, predominantly from the approximate 20% of cases who
do not report chest pain [2].

There is no evidence about what risk of missed AD ED chest pain patients would reasonably accept. The
estimated risk of missed myocardial infarction (MI)—a condition approximately 100 times more prevalent
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as a cause of chest pain in ED than AD—with contemporary acute coronary syndrome rule out processes
is < 1% [10]. A survey of emergency physicians found that most (57%) would accept a risk of major adverse
clinical events (MACE) due to missed MI of 1:500 or less [11]. Their opinion is likely to be similar for missed
AD. It would be helpful to know the opinions of patients with non-specific chest pain on this issue.

An obvious question is whether a better clinical decision rule could be developed. To achieve 100%
sensitivity with confidence interval 97-100% would require 120 positive cases. With the known prevalence
of AD in ED chest pain patients of approximate 1:1,000, any derivation study would require about 120,000
patients with a similar number for validation studies. Unfortunately, this is not feasible. In addition, patients
with non-chest pain presentations of AD might still be missed.

Another approach is identification of more accurate biomarkers. This is a focus of current
research [12, 13]. None of these has been validated in ED clinical practice to date. To be effective in reducing
missed AD, they would require high sensitivity and negative predictive value, accessibility in ED and a short
turnaround time for results. Additionally, their impact on the ordering of CTA would need to be such that the
risks of adverse events associated with CTA and missed diagnosis of AD were at least in balance. Having more
accurate biomarkers does not overcome the problem that the biggest contributors to missed diagnosis of AD
is failure to suspect AD and atypical symptoms.

In conclusion, the ADDRS score and associated investigation strategy are not fit for purpose for use in
ED patients with non-specific chest pain due to its methodological weaknesses. It also does not appropriately
balance risks, especially for younger patients. Consequently, its application to ED patients with non-traumatic
chest pain cannot be justified.
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