Original article

Can emergency physicians ‘rule in" and ‘rule out’
acute myocardial infarction with clinical judgement?

Editor’s choice
Scan to access more
free content

» Additional material is
published online only. To view
please visit the journal online
(http://dx.doi.org/10.1136/
emermed-2014-203832).

'The University of Manchester,
Manchester, UK

2Central Manchester University
Hospitals Foundation NHS
Trust, Manchester Academic
Health Science Centre,
Manchester, UK

3Stockport NHS Foundation
Trust, Stockport, UK

4CEEC, Manchester
Metropolitan University,
Manchester, UK

Correspondence to

Dr Richard Body, Emergency
Medicine and Intensive Care
Research Group, Emergency
Department, Manchester Royal
Infirmary, Manchester
Academic Health Science
Centre, Oxford Road,
Manchester M13 9WL, UK;
richard.body@manchester.ac.uk

Received 31 March 2014
Revised 16 June 2014
Accepted 17 June 2014
Published Online First

12 July 2014

C%D Linked

» http://dx.doi.org/10.1136/
emermed-2014-204105

CrossMark

To cite: Body R, Cook G,
Burrows G, et al. Emerg
Med J 2014;31:872-876.

Richard Body, "> Gary Cook,? Gillian Burrows,® Simon Carley,>* Philip S Lewis

ABSTRACT

Objective To determine the diagnostic accuracy of
emergency physician gestalt in emergency department
(ED) patients with suspected cardiac chest pain, both
alone and in combination with initial troponin level and
ECG findings.

Methods We prospectively included patients presenting
to the ED with suspected cardiac chest pain. Clinicians
recorded their ‘gestalt’ at the time of presentation using
a five-point Likert scale, blinded to outcome. Troponin T
and high-sensitivity troponin T (hs-cTnT; both Roche
Diagnostics Elecsys) levels were measured in admission
blood samples. All patients underwent troponin testing
at least 12 h after peak symptoms. The primary outcome
was acute myocardial infarction (AMI).

Results 458 patients were included in this study, 81
(17.7%) of whom had AMI. Clinician gestalt alone had
an area under the receiver operating characteristic curve
of 0.76 (95% CI 0.70 to 0.82) for AMI. Immediately
discharging patients with normal initial troponin and
ECG in whom the clinician felt the diagnosis was
‘probably not" or ‘definitely not" acute coronary
syndrome (ACS) would have avoided admission for
23.1% (95% Cl 19% to 28%) patients with 100%
sensitivity (95% CI 95.6% to 100%). With hs-cTnT,
100% sensitivity could have been achieved even if only
patients with ‘probable’ or ‘definite’ ACS were
investigated further, which would have allowed 41.7%
patients to be discharged immediately.

Conclusions Gestalt alone cannot be used to 'rule in’
or ‘rule out” ACS. By combining clinician gestalt with the
admission ECG and troponin level, we found 100%
sensitivity without the need for serial troponin testing.
These findings have the potential to reduce unnecessary
hospital admissions for suspected ACS but must be
prospectively validated before considering clinical
implementation.

BACKGROUND

For many years, there has been great interest in
developing strategies that would permit early exclu-
sion of acute coronary syndromes (ACSs) in the
emergency department (ED), thus avoiding
unnecessary hospital admissions. Recent research
has focused on strategies such as serial biomarker
testing with and without risk stratification,!  and
on the development of clinical decision rules that
combine clinical and biochemical variables to facili-
tate more accurate early decision making.? *

The high prevalence of atypical symptoms in
patients with ACSs,” © coupled with the fact that as
many as 6% of patients with chest pain who are
discharged from the ED have unrecognised acute
myocardial infarction (AMI),” leads many to
believe that unstructured clinical judgement or

What is already known about this subject?

» Previous work has robustly shown that, in
patients presenting to the Emergency
Department (ED) with chest pain, the typicality
of symptoms is not useful for differentiating
patients with acute coronary syndromes from
those with non-cardiac diagnoses. The role of
overall clinical judgement (gestalt) has not
been extensively studied, however.

What does this study add?

» This study demonstrates that the unstructured
clinical judgement of emergency physicians
alone has moderate overall diagnostic accuracy
but is insufficient to enable the confirmation
('rule in") or exclusion (‘rule out’) of acute
coronary syndromes in the ED. However, in
patients with a normal ECG and initial troponin
level our findings suggest that 1 in 4 patients
could avoid unnecessary hospital admission
using a standard troponin assay, or 2 in 5
patients if a high sensitivity troponin assay is
used.

How might this impact on clinical practice?

» [f these findings can be confirmed by future
work, this work may provide a simple solution
to substantially reduce unnecessary hospital
admissions for chest pain, which is currently
the most common reason for emergency
hospital admission. As the strategy requires
only an ECG, a single troponin test on arrival
and the clinical judgement of the treating
physician it could be readily translated into
clinical practice.

‘gestalt’ is likely to have limited diagnostic value in
this context. Indeed, previous research has shown
that general practitioners have only moderate diag-
nostic accuracy when estimating the likelihood of
coronary artery disease in their patients® and the
gestalt of cardiologists is unreliable for predicting
findings at coronary angiography.” However, the
judgement of the treating physician has been shown
to have independent diagnostic value in patients
with suspected deep vein thrombosis and pulmon-
ary embolism and is an important component of
widely used clinical decision rules for those diagno-
ses.!® 1! Further, recent research has demonstrated
that if emergency physicians estimate that the prob-
ability of an ACS is less than 2% they have a sensi-
tivity of 96.19% for that diagnosis.'?

We aimed to determine the diagnostic value of
the clinical judgement of emergency physicians,
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both alone and in combination with ECG findings and troponin
levels at the time of initial presentation to the ED.

METHODS
We undertook a prospective diagnostic cohort study at
Stockport NHS Foundation Trust, a District General Hospital in
Greater Manchester, UK. Ethical approval was obtained from
the Research Ethics Committee (reference 09/H1014/74), and
all participants provided written informed consent. From this
cohort, we have recently reported external validation of the
Manchester Acute Coronary Syndromes (MACS) decision rule.*
We included consecutive adult patients presenting to the ED
with suspected cardiac chest pain occurring in the previous
24 h, excluding those with another medical condition necessitat-
ing hospital admission; those with renal failure requiring dialy-
sis; patients with chest trauma and suspected myocardial
contusion; those who did not speak English; prisoners and
patients for whom all means of follow-up would be impossible.
Clinical features were recorded by the treating physician using
a custom-designed case report form. The treating physician was
asked to record their unstructured ‘gestalt’ or clinical judgement
about the probability of an ACS using a five-point Likert scale as
follows: ‘definitely not’, ‘probably not’, ‘not sure’, ‘probably’
and ‘definitely’. As these data were recorded at the time of
initial presentation and before the results of investigations were
available, the treating clinicians were blinded to the final
outcome of the patient. As we recorded clinician gestalt follow-
ing a genuine consultation with the patient, clinicians were not
blinded to the ECG or other clinical information. However, we
took a number of measures to ensure that treating clinicians
were blinded to the initial troponin level. First, clinical proto-
cols in place at the time of this study did not include troponin
testing at the time of presentation unless >12 h had already
elapsed since peak symptoms. Second, when troponin levels had
been evaluated, research staff would verify that clinicians
remained unaware of the initial troponin results before collect-
ing case report forms. All patients were followed up by tele-
phone, home visit or in clinic after 30 days.

Laboratory analyses

Patients underwent venepuncture at the time of presentation in
the ED and at least 12 h after symptom onset. All 12 h samples
were immediately tested for cardiac troponin T (Roche
Diagnostics Elecsys, 4th generation, 99th centile 10 ng/L, coeffi-
cient of variation <10% at 35 ng/L). At the time of this study,
samples drawn at the time of arrival were not routinely tested
for cardiac troponin T except in the case of patients who pre-
sented >12 h after their peak symptoms. Serum samples drawn
at the time of presentation and 12 h after symptom onset were
therefore stored at —70°C and later tested for cardiac troponin
T (if not already) and also for high-sensitivity troponin T
(hs-cTnT, Roche Diagnostics Sth generation Elecsys, 99th
centile 14 ng/L, coefficient of variation <10% at 13 ng/L). After
our initial analyses, we became aware that the batch of reagent
supplied by the manufacturer for hs-cTnT testing had been
affected by a calibration shift. Aliquots of all samples were
therefore retested using an unaffected batch of reagent and stat-
istical analyses were repeated.

Outcomes

The primary outcome was a diagnosis of AMI. This was defined
in accordance with the Third Universal Definition of
Myocardial Infarction as a rise and/or fall of cardiac troponin
with at least one level above the 99th centile for a healthy

reference population.'® Based on the analytical characteristics of
the troponin assay, a change of 20 ng/L on serial sampling was
considered to represent a rise and/or fall. The diagnosis of AMI
was adjudicated by two independent investigators blinded to
clinician gestalt.

We also analysed data for the secondary outcome of major
adverse cardiac events (MACE) within 30 days. This was defined
as death (all cause), prevalent or incident AMI or the need for
coronary revascularisation within 30 days. New angiographic
stenoses >50% the diameter of a major epicardial vessel (as
reported by the responsible cardiologist) were also prospectively
considered to constitute MACE.

Statistical analyses

We calculated sensitivity, specificity, positive and negative pre-
dictive values using MedCalc V.12.4.0.0 (Mariakerke, Belgium).
The area under the receiver operating characteristic (ROC)
curve was calculated in IBM SPSS Statistics V.20.0.0. We also
evaluated whether gestalt gave independent predictive value
once initial troponin level and the presence or absence of ECG
ischaemia had been taken into account by entering these data
into a logistic regression analysis using IBM SPSS Statistics
V.20.0.0

Sample size

Sample size for this study was determined by calculating the
required number of patients to ensure that, for a diagnostic
strategy with 100% sensitivity, the lower bound of the 95% CI
was no lower than 95%. Assuming a 20% incidence of the
primary outcome, this would require a minimum sample size of
450 patients.

RESULTS

In total, 458 patients who presented to the ED between April
and July 2010 were included in the final analysis (figure 1). Of
these patients, 81 (17.7%) were given an adjudicated diagnosis
of AMI. After 30 days, an additional 19 patients had developed
MACE. These included three deaths (all cardiac or presumed
cardiac, including one death due to aortic dissection); a total of
seven AMIs (excluding those prevalent at the time of inclusion);
and 14 patients who had a new coronary stenosis identified (9
of whom underwent urgent revascularisation within the
follow-up period). Thus, in total, 100 (21.8%) patients had
developed one or more MACE. Baseline characteristics are
shown in table 1.

Clinician gestalt had an area under the ROC curve of 0.76
(95% CI 0.70 to 0.82) for AMI. The overall prevalence of AMI
and incidence of MACE stratified by clinician gestalt are shown
in table 2. Interestingly, in 11 (2.4%) cases, clinicians recorded
that the diagnosis was ‘definitely not ACS’ despite the fact that
they were investigating the patients for that diagnosis. Of those
11 patients, 10 were given final diagnoses of non-cardiac chest
pain and 1 was diagnosed with heart failure and an exacerbation
of chronic obstructive pulmonary disease. Two of the eleven
patients underwent further investigation for stress-inducible
myocardial ischaemia (one exercise tolerance test; one myocar-
dial perfusion scan), both of which demonstrated no inducible
ischaemia. None of these 11 patients had AMI on the initial
attendance, but one (9.1%) developed MACE within 30 days. In
that patient, AMI was initially excluded by serial troponins but
the patient developed AMI within 30 days.

Conversely, in 53 (11.6%) cases, clinicians recorded that the
diagnosis was ‘definitely ACS’ yet only around half of these
patients had AMI (n=27, 50.9%) or MACE within 30 days
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Figure 1 Patient flow diagram.
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(n=28, 52.89%0). The relationship of clinician gestalt to the
prevalence of AMI stratified by seniority of treating clinician is
shown in table 3. With increasing seniority, doctors were mar-
ginally more likely to be correct when they believed that the
diagnosis was ‘definitely ACS’. Interestingly, the prevalence of
AMI was actually higher when more senior doctors recorded
that the diagnosis was ‘probably not ACS’.

The overall diagnostic accuracy of physician gestalt as a
dichotomous tool that could potentially be used to guide deci-
sions to admit or discharge patients is shown in table 4. We
report the diagnostic accuracy of gestalt alone and in combin-
ation with the initial troponin level and ECG findings.
High-sensitivity troponin assays have been implemented since
the time of this study. We have therefore presented the diagnos-
tic accuracy of gestalt in combination with both standard
(non-high sensitivity) and high-sensitivity troponin assays. The
use of a high-sensitivity troponin assay would have achieved a
sensitivity of 100% (95% CI 95.4% to 100%) when combined
with gestalt and the ECG, even if only those with ‘probable’ or
‘definite’ ACS were admitted to hospital for further investiga-
tion. In this cohort, that strategy would have enabled 191
(41.7%) patients to be discharged immediately from the ED,
with no missed AMIs. Three (1.6%) of these patients developed
MACE within 30 days.

To achieve a sensitivity of 100% with a standard troponin
assay in combination with the ECG and clinician gestalt, only
those in whom the clinician felt the diagnosis was either ‘defin-
itely not” or ‘probably not’ ACS could be discharged. This strat-
egy would have enabled 106 (23.1%) patients to be immediately
discharged with no missed AMIs. One (0.9%) of these patients
developed MACE within 30 days.

On multivariate analysis adjusting for initial ECG ischaemia
and the troponin level on arrival, gestalt remained independ-
ently predictive of both AMI (OR 2.37, 95% CI 1.55 to 3.62,
p<0.0001) and MACE (OR 1.96, 95% CI 1.40 to 2.74,
p<0.0001).

DISCUSSION
These findings demonstrate an important, simple and yet novel
concept. They confirm that it would be unsafe for emergency

n=458

physicians to use their clinical judgement alone to discharge
patients with suspected cardiac chest pain from the ED without
further investigation. However, if the treating emergency phys-
ician deems that the diagnosis is ‘probably not’ or ‘definitely
not’ ACS, then a normal initial troponin level and ECG would
potentially enable almost one quarter of patients to be dis-
charged, even using a non-high-sensitivity troponin assay. In this
cohort, that strategy missed no AMIs and the incidence of
MACE at follow-up was low (0.9%).

Our findings go further by demonstrating that the use of a
high-sensitivity troponin assay would enable clinicians to also
consider immediate discharge for patients with normal initial
ECG and hs-cTnT unless they deemed that the diagnosis was
‘probably’ or ‘definitely” ACS. In this cohort, unnecessary hos-
pital admission could have been avoided for over 40% of

Table 1 Baseline characteristics of included patients

Total Had AMI Did not have AMI

Variable (N=458) (N=81) (N=377)
Age in years, mean (SD)  63.7 (15.7) 72.0 (13.5) 62.0 (15.6)
Men (%) 270 (59.0) 52 (64.2) 218 (57.8)
Previous angina (%) 181 (39.5) 24 (29.6) 157 (41.6)
Previous myocardial 137 (29.9) 28 (34.6) 109 (28.9)
infarction (%)

Hypertension (%) 191 (41.7) 42 (51.9) 149 (39.5)
Hyperlipidaemia (%) 184 (40.2) 35 (43.2) 149 (39.5)
Diabetes mellitus (%) 76 (16.6) 20 (24.7) 56 (14.9)
Smoking (%) 98 (21.4) 18 (22.2) 80 (21.2)
Previous coronary 100 (21.8) 15 (18.5) 85 (22.5)

intervention (%)
Time from symptom onset (h)

0-3 212 (46.3) 34 (42.0) 178 (47.2)
3-6 89 (19.4) 18 (22.2) 71 (18.8)
6-12 64 (14.0) 13 (16.0) 51 (13.5)
>12 93 (20.3) 16 (19.8) 77 (20.4)

AMI, acute myocardial infarction.
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Table 2 Prevalence of AMI and incidence of MACE within 30 days stratified by physician’s gestalt

Gestalt Definitely not ACS Probably not ACS Could be ACS Probably ACS Definitely ACS
Number with AMI (%) 0 (0.0) 4 (3.5) 19 (11.9) 31 (25.6) 27 (50.9)
Number with MACE (%) 1(9.1) 6 (5.3) 25 (15.6) 40 (33.1) 28 (52.8)
Total number (%) 11 (2.4) 113 (24.7) 160 (34.9) 121 (26.4) 53 (11.6)

ACS, acute coronary syndrome; AMI, acute myocardial infarction; MACE, major adverse cardiac event.
Table 3  Number (%) with AMI stratified by physician’s gestalt and grade of doctor
Grade Not ACS Probably not ACS Could be ACS Probably ACS Definitely ACS
Senior house officer 0/4 (0.0) 1/40 (2.5) 6/72 (8.3) 12/50 (24.0%) 7116 (43.8)
Registrar (ST4+) 0/7 (0.0) 2/60 (3.3) 12/65 (18.5) 15/57 (26.3) 17132 (53.1)
Consultant 0/0 113 (7.7) 1/23 (4.3) 4114 (28.6) 3/5 (60.0)

Senior house officer: a fully registered medical practitioner who typically has between 1 and 4 years of postgraduate medical experience.
Registrar (ST4+): a fully registered medical practitioner who typically has 4-7 years of postgraduate medical experience.
Consultant: a fully registered medical practitioner who has completed specialty training in emergency medicine (Fellowship of the College of Emergency Medicine) and who has at least

7 years of postgraduate medical experience.
ACS, acute coronary syndrome; AMI, acute myocardial infarction.

patients through use of this strategy with no missed AMIs and a
low incidence of MACE (1.7%).

It is important to recognise that we included patients with
suspected cardiac chest pain, that is, the treating clinician used
their clinical judgement to identify patients in whom the diagno-
sis of an ACS was suspected. Patients in whom there was no sus-
picion of an ACS based on the clinician’s clinical judgement are
not investigated for an ACS in clinical practice and were not
included in this study. Therefore, it is important to point out
that this study evaluates the clinical judgement of emergency
physicians once they have considered that a patient’s symptoms
may be cardiac in nature and therefore warrant investigation.

There has been surprisingly little previous work in this area.
Prior research has demonstrated that atypical symptoms® © and a
lack of risk factors for coronary artery disease'* do not preclude
a diagnosis of ACS. There is also evidence to suggest that
approximately 2% of AMIs are missed in the ED,"® which has
prognostic implications for patients and medicolegal implica-
tions for doctors. Such findings have undoubtedly helped to
encourage a culture in which reliance on clinical judgement is
discouraged.

Kline et al evaluated the diagnostic accuracy of clinician
gestalt in a cohort of 840 patients who presented to the ED
with undifferentiated chest pain or shortness of breath, 23 of
whom had ACS.'® They found that unstructured clinical judge-
ment, which was defined as the clinician’s estimate for the
pre-test probability of ACS using a visual analogue scale, had an
area under the ROC curve of 0.64. Using gestalt alone at a
threshold of 2.5% estimated probability of ACS, clinicians had a
sensitivity of 91% for the diagnosis, which would be insufficient
to enable safe immediate discharge from the ED.

Such research makes it clear that the clinical judgement of a
clinician is an imperfect diagnostic tool and should not be relied
upon alone to make decisions to admit or discharge patients
with suspected ACS. Combination with other factors is neces-
sary if it is to be useful in this regard. The Wells score for pul-
monary embolism is an example of a similar approach. This
score includes clinician gestalt as an important factor. In com-
bination with D-dimer levels, the Wells score facilitates safe,
immediate exclusion of pulmonary embolism in the ED'! and is
widely used in practice. We have demonstrated that the simple
combination of gestalt, ECG and troponin could potentially be

Table 4 Diagnostic accuracy of strategies incorporating physician gestalt

Strategy

Sensitivity

Specificity

PPV

NPV

Gestalt alone ('probably not" ACS discharged)*
Gestalt alone (only ‘probable’ and ‘definite” ACS admitted)t

Gestalt+TnT+ECG#
Gestalt+hs-TnT+ECG§

95.1 (87.8 to 98.6)
71.6 (60.5 to 81.1)
100.0 (95.6 to 100.0)
100.0 (95.4 to 100.0)

31.8 (27.2 to 36.8)
69.2 (64.3 to 73.9)
28.0 (23.5 to 32.8)
22.8 (18.6 to 27.4)

Gestalt+hs-TnT+ECG (only ‘probable’ and ‘definite” ACS admitted)q] 100.0 (95.4 to 100.0)

46.6 (41.4 t0 51.9)

23.1 (18.6 to 28.0)
33.3 (26.4 to 40.9)
23.1 (18.8 to 27.8)
21.5 (17.4 to 26.1)
28.4 (23.1 to 34.1)

96.8 (92.0 to 99.1)
91.8 (88.1 to 94.8)
100.0 (96.6 to 100.0)
100.0 (95.7 to 100.0)
100.0 (97.9 to 100.0)

*This strategy would mean that patients are discharged if the clinician believed the diagnosis was ‘definitely not’ or ‘probably not’ ACS. All other patients would be admitted.
1This strategy would mean that patients are discharged if the clinician believed the diagnosis was ‘definitely not’, ‘probably not' or ‘could be’ ACS. Only those with ‘probable’ or

‘definite” ACS would be admitted.
$N=456.
§Retested hs-cTnT. N=447.

9IThis strategy would mean that patients would be discharged if they had no ECG ischaemia, a normal hs-TnT level on arrival and if the clinician felt the diagnosis was ‘definitely not’,

‘probably not’ or ‘could be’ ACS. Other patients would be admitted.
ACS, acute coronary syndrome.
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used to achieve the same thing for patients with suspected
cardiac chest pain, although it is essential that our findings are
prospectively  validated  before  considering  clinical
implementation.

Strengths and limitations

Our findings do break new ground by identifying a strategy that
could potentially enable over 40% of patients to be immediately
discharged from the ED, avoiding unnecessary hospital admis-
sion. This strategy only uses resources that are already routinely
used in current practice meaning that, if successfully implemen-
ted, it has a high probability of being cost-effective. However, it
is important to recognise that there are limitations to this work.
The first reports of novel diagnostic technology tend to overesti-
mate diagnostic performance compared with subsequent (valid-
ation) studies. Given the potential prognostic implications for
patients and medicolegal implications for doctors, it is therefore
imperative to recognise that although we report a 100% sensi-
tivity for AMI, the 95% Cls extend down to 95.4%. These find-
ings must therefore be prospectively validated in independent
populations prior to clinical implementation. It is also important
to consider that the incidence of MACE was up to 1.7% in
patients who could be considered for early discharge using this
strategy. This may be unacceptable to doctors.!” Further, it will
be important to consider the indications for provocative testing
even in low-risk patients. In particular, we must evaluate how
clinicians should safely and judiciously identify patients for
further investigation such as CT coronary angiography, func-
tional imaging or invasive coronary angiography.

Lastly, it will be important to evaluate the performance of the
strategy when used in practice as the behaviour of clinicians may
change when data collection is not undertaken for research that
is entirely observational in nature. For example, clinicians may
be more risk-averse if asked to use the strategy in practice and,
as such, the overall impact of the diagnostic strategy may not be
as great as anticipated. Despite these limitations, this work has
identified an important area for further research. While it is
important for further work to prospectively validate the diag-
nostic strategies defined here, our work also suggests that there
may be potential to refine and improve other emerging diagnos-
tic algorithms by taking account of clinician gestalt.'™

CONCLUSIONS

Taken in isolation, the clinical judgement or gestalt of emer-
gency physicians has only moderate diagnostic accuracy for AMI
in patients with suspected cardiac chest pain. However, by com-
bining this gestalt with initial troponin level and ECG findings,
hospital admission could potentially be avoided for a substantial
proportion of patients (approximately one quarter when a
standard troponin assay is used; over 40% with a high-
sensitivity troponin assay). In this cohort, such a strategy would
miss no AMIs. While these findings cannot be translated into
clinical practice until they have been prospectively validated,
this novel and simple strategy has the potential to substantially
reduce resource utilisation. Performance may also be enhanced
by refining emerging alternative early rule out strategies to take
account of clinician gestalt.
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