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ABSTRACT

Background Physicians may receive diagnostic information in different orders, and there is a lack of empirical evidence that the
order of presentation may influence clinical reasoning.

Objective We investigated whether diagnostic accuracy of chest pain cases is influenced by the order of presentation of the
history and electrocardiogram (EKG) to cardiology residents.

Methods We conducted an experimental study during a resident training in 2019. Twelve clinical cases were presented in 2
diagnostic rounds. Residents were randomly allocated to seeing the EKG first (EKGF) or the history first (HF). The mean diagnostic
accuracy scores (range 0-1) and confidence level (0-100) in each diagnostic round and time needed to make the diagnosis were
evaluated.

Results The final diagnostic accuracy was higher than the initial in both groups. After the first round, diagnostic accuracy was
higher in HF (n=24) than in EKGF (n=28). Time taken to judge the history was comparable in both groups. Time taken to judge the
EKG was shorter in HF (4011 vs 64*13 seconds; P<.01). Time invested in the second round was significantly correlated with
changing the initial diagnosis. A significant difference was observed in confidence ratings after the initial diagnosis, with EKGF

reporting less confidence relative to HF.

Conclusions The order in which history and EKG are presented influences the clinical reasoning process.

Introduction

It is unclear whether the order in which information is
presented influences the clinical reasoning process. In
the evaluation of patients with chest pain, clinicians
have 3 cornerstones to lean on: the history, electro-
cardiogram (EKG), and laboratory findings.! EKG
and history are the first at clinicians’ disposal and will
prime the clinical reasoning process.

Knowledge of the patient history influences EKG
interpretation. Studies by Hatala et al showed that
EKG interpretation was more often correct when
preceded by a history suggestive of the correct
diagnosis, compared to an alternative diagnosis or
no scenario at all.>® Empirical research has also
shown that a diagnostic hypothesis affects recognition
and interpretation of findings encountered subse-
quently in a clinical case, leading for instance to
overvaluing features consistent with the initial diag-
nosis and the other way around.*® Diagnostic
reasoning involves a hypothetico-deductive method.
An initial diagnostic hypothesis is followed by
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gathering additional information to verify this hy-
pothesis.®”
based on activation of illness scripts.®’ The activated

This generation is largely unconscious,

script guides the search for additional findings
expected for that diagnosis. In case of an incorrect
diagnostic hypothesis, its influence on the subsequent
search for additional findings hinders the verification
phase of the diagnosis. Verifying the initial interpre-
tation of EKGs has been shown to improve diagnostic
decisions.'®"" Deliberate reflection upon the initial
diagnosis has been shown to reduce diagnostic error,
especially when cases are complex or contextually
irrelevant information tends to mislead reason-
ing."*'* Even simply returning to the case to verify
the initial diagnosis improved diagnostic accuracy.
However, physicians do not often recognize the need
for further verification.'® Whether the success of
verification, and of the whole diagnostic process,
depends on time invested remains an open question.
While some studies have found no association
between diagnostic accuracy and time spent in

1718 other experimental studies have shown

19,20

diagnosis,

time restrictions can reduce accuracy, as well as
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correct diagnoses being made faster than incorrect
ones.”!

The order in which information is available may
influence diagnostic performance. To address this
issue, we conducted a randomized controlled trial. We
investigated the effect of seeing the EKG first (EKGF)
or obtaining the history first (HF) on diagnostic
performance. Our hypotheses were: (1) diagnostic
accuracy would depend on order of information
presented, with EKGF having lower diagnostic
accuracy relative to HF; (2) time dedicated to each
component of the problem (EKG and history) would
depend on the order of presentation, with more time
dedicated to the component when it comes first
relative to when it comes second; (3) changing the
initial diagnosis would depend on the amount of time
dedicated to the second component of the problem;
and (4) confidence in the initial diagnosis would be
inversely related to time invested in the second
component of the problem and to changing the initial
diagnosis.

Methods
Design

Participants were third-year cardiology residents from
all 15 cardiology training programs in the Nether-
lands who were attending a course on acute cardiac
care (course director R.A.T.), an obligatory part of the
residency program.

The face-to-face course took place in November
2019. The cases were presented online toward the
beginning of the course, and participants were told
that the cases would be discussed by the group at the
end of the course for teaching purposes. They were
blinded to the experimental nature of the interven-
tion. Twenty written clinical cases were prepared
based on cases selected from a database of chest pain
patients visiting the emergency department of the
Catharina Ziekenhuis hospital in Eindhoven, Nether-
lands. Cases were selected based on their ambiguity
by an experienced cardiologist (R.A.T.). The written
cases were subsequently loaded de-identified in our
Jacinto online platform (https://jacinto.harena.org). A
specific module was developed in the platform to
randomly assign customized cases to the participants.
All cases were piloted by 2 other experienced
cardiologists using the platform. Cases were excluded
if one of them deemed it not sufficiently ambiguous
on history or EKG. Finally, 12 cases remained to be
used in the experiment.

All cases were categorized based on level of EKG
abnormalities (completely normal, minor abnormal-
ities, or apparent ischemic abnormalities) and the
level of how typical the complaints were according to
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Objectives

To investigate whether diagnostic accuracy of chest pain
cases is influenced by the order of presentation of the history
and electrocardiogram.

Findings

The final diagnostic accuracy was higher than the initial in
both groups. Time invested in the second diagnostic round
was significantly correlated with changing the initial
diagnosis.

Limitations

As this is an experimental study, it is unclear if our findings
could be extrapolated to other residents and fellows or other
specialties as well to real-life situations under time pressure.

Bottom Line

Be aware that the order in which information is presented
may influence the reasoning process in your educational
setting as well as in the clinical setting.

the Diamond-Forrester classification.”> The final
diagnosis was myocardial ischemia (acute coronary
syndrome) in 7 of the cases and non-anginal chest
pain in the other 5, ranging from pericarditis to
gastroesophageal reflux and muscle pain.

All participants diagnosed the same 12 cases, which
were presented in 2 diagnostic rounds in the online
platform. Participants were given a unique login to be
used on their own devices.

Intervention

Participants were randomly assigned to EKGF or HFE.
At the end of each round, the participant gave the
most likely diagnosis as well as their level of
confidence by placing a digital ruler on a scale from
0 to 100. Time needed to come to a diagnosis was
automatically registered. All data were stored in a log
file anonymously.

Outcome

Diagnostic accuracy was evaluated by 2 cardiologists
independently and blinded for participants alloca-
tion to EKGF or HE. All 491 diagnoses given by the
residents were listed for each case and judged by the
cardiologists to be correct (score=l), incorrect
(score=0), or in between (score=0.5). For example,
the answer “possible angina/unstable angina” in an
unstable angina case was rated 0.5. In case of
disagreement (n=152) consensus was reached after
discussing the given diagnosis. A mean diagnostic
accuracy score for all cases was obtained first for
each participant and then for each experimental
condition.

A mixed analysis of variance (ANOVA) with
diagnostic round as within-subjects factor (initial
diagnosis and final diagnosis) and experimental
condition (EKGF vs HF) as between-subjects factor
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TABLE

Differences in Diagnostic Accuracy, Confidence in the Diagnosis, and Time Spent in the Diagnosis Between EKG First

and History First Groups

ORIGINAL RESEARCH

Accuracy, Confidence, and Time EKG First History First P Value
Accuracy after first round, mean (SD) 0.49+0.13 0.73%+0.10 <.01
Accuracy after second round, mean (SD) 0.74+0.14 0.75%+0.10 NS
Confidence after first round, mean (SD) 54+15 64+13 NS
Confidence after second round, mean (SD) 65+13 67+14 NS
Time spent on EKG, mean (SD), seconds 64.01+12.86 40.23+10.86 <.01
Time spent on history, mean (SD), seconds 64.67+18.63 60.80+12.86 NS
Diagnostic accuracy variation, mean (SD) 0.25*0.16 0.019+0.10 <.01

Abbreviations: EKG, electrocardiogram; NS, nonsignificant.

was performed on mean diagnostic accuracy scores.
This analysis tested our first hypothesis that diagnos-
tic accuracy would depend on the order of presenta-
tion of the components of the problem and vary
across the diagnostic rounds. Post hoc analysis with
independent and paired # test examined the significant
interaction effect.

To test our second hypothesis regarding time spent
in each component of the problem, we performed a
mixed ANOVA with type of the component as within-
subjects factor (EKG and history) and experimental
condition as between-subjects factor (EKGF vs HF)
with mean time dedicated to the problem component
as dependent variable. A significant interaction effect
was further explored by independent and paired ¢
tests.

To test the third and fourth hypotheses, we first
computed, for each participant, the “diagnostic
accuracy variation” by subtracting the initial diag-
nostic accuracy score from the final diagnostic
accuracy score. We first computed this variable for
each case and subsequently the mean for all cases.
This variable indicates the extent of change in the
initial diagnosis, with zero indicating no change, a
positive value showing that diagnostic accuracy
improved between the initial and the second diagnos-
tic rounds, and a negative value pointing to a
decrease. Subsequently, we computed correlation
coefficients between diagnostic accuracy variation
and time spent in the second component of the
problem (because the latter was not normally
distributed, we used Spearman’s correlation coeffi-
cient) and between mean confidence in the initial
diagnosis and time spent in the second component
(Spearman’s correlation coefficient) and diagnostic
accuracy variation (Pearson’s correlation coefficient).
For all correlations, the coefficient of determination,
R?, was also computed as a measure of the amount of
variability in one variable that is explained by the
other. The statistical analysis was performed on SPSS
Statistics 25 (IBM Corp, Armonk, NY), and the

significance level was set at P<.05 (2-tailed) for all
analyses.

The board of the organizing national body gave a
waiver for ethical approval since the quiz was part of
the course and data were collected anonymously.

Results

A total of 52 residents (out of 55) participated in this
study: 28 in EKGF and 24 in HE The TABLE presents
means and SDs for all outcome measurements.
Results of the statistical tests performed to test the
hypotheses are described below.

Diagnostic Accuracy

Overall, the final diagnostic accuracy was higher than
the initial accuracy as shown by a significant main
effect of diagnostic round, F(1, 50)=52.37; P<.001;
11[,2:0.51. After the first round diagnostic accuracy
was higher in HF than in EKGE F(1, 50)=21.49;
P<.001; nﬁ2:0.30. A significant interaction effect,
F(1, 50)=38.72; P<.001; n,°=0.44, was present.
While the final diagnostic accuracy was not signifi-
cantly different between the 2 groups, #50)=0.28;
P=.78, the initial diagnostic accuracy was lower in
EKGF, #(50)=7.69; P<.001, relative to HF. The
accuracy of EKGF significantly increased after also
knowing the history, #(27)=8.39; P<.001. This gain in
diagnostic accuracy observed in EKGF did not
happen in HE, whose performance was already high
in the first diagnostic round, #(23)=0.94; P=36 (see
FIGURE 1 and TABLE).

Time Spent in Each Component of the Problem

FIGURE 2 presents the results relative to our second
hypothesis. There was a significant main effect of the
type of component, with more time spent overall in
the history than in the EKG, F(1, 50)=23.95; P<.001;
1,°=0.32. The main effect of experimental condition
was also significant, with EKGF spending longer total
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FIGURE 1

Diagnostic Accuracy as a Function of Experimental Condition and Diagnostic Round

time to diagnose a case than HF, F(1, 50)=18.24; whether history was known—in case of EKGF
P<.001; 1,°=0.27. A significant interaction effect significantly more time (approximately 24 seconds
emerged, F(1, 50)=21.04; P<.001; n,,H).ao, with or 60% more) was needed to read the EKG than HEF,
time needed to interpret the EKG depending on #50)=7.53; P<.001. In contrast in both groups a
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FIGURE 2

Time Spent in Each Component of the Problem as a Function of Experimental Condition
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similar amount of time was spend on history,
1(50)=0.88; P=40. EKGF spent as much time in the
EKG as in the history, #(27)=0.20; P=.84. HF
dedicated more time to the history than to the EKG,
t(23)=7.49; P<001 (TABLE).

Changing the Initial Diagnosis and Time Dedicated
to the Second Component of the Problem

Diagnostic accuracy variation was significantly cor-
related with time invested in the second component of
the problem, 7=0.60; P<.001; R?=0.36, and changing
the initial diagnosis happened more often when
participants used more time on processing the
subsequent information.

Confidence in the Initial Diagnosis and Changing it
After the Second Round

Both groups indicated a similar amount of confidence
about their diagnosis after the second diagnostic
round, but a significant difference was observed in
confidence ratings after the initial diagnosis, with
EKGF reporting less confidence (taBLe). Confidence
levels in the first diagnostic round were not
significantly related to time spend in the second
round, r—=0.19; P=17; R?=0.04. A weak but
significant negative correlation was found between
confidence and diagnosis change, »=-0.28; P=.04;
R?=0.08.

Discussion

Contrary to our expectations, we found that the order
in which the EKG and history were presented did not
influence the final diagnostic accuracy. The initial
diagnostic accuracy however was higher for HE
Interestingly, HF and EKGF spent equal time on
history, but EKGF spent more time on EKG.
Consequently, EKGF spent more time in total. As
hypothesized, changing the initial diagnosis was
strongly associated with the amount of time spent in
the second component of the problem. Finally, the
level of confidence in the initial diagnosis had a
negative relation with changing the diagnosis.

Equal time spent on history with a comparable
diagnostic accuracy in both groups suggests that
EKGF does not influence the speed of reasoning or
lead to missing essential elements in the history. We
expected that EKGF would reduce the amount of time
dedicated to the history, thereby hindering the
verification of initial impressions. However, both
groups spent similar time in the history. HF needed
less time in total to diagnose the case while reaching
equal accuracy, mainly due to less time spent on the
EKG. This finding suggests that judging the EKG in

ORIGINAL RESEARCH

HF is easier and quicker without leading to more
mistakes. These findings are in line with previous
experiments by Hatala et al where EKGs having the
right clinical context significantly increased EKG
interpreting accuracy.” Comparable findings inter-
prets cardiac auscultation with or without prior
knowledge of the clinical context.”> One may argue
that the clinical context may have activated few (and
more relevant) illness scripts to be confirmed by the
EKG, whereas seeing only the EKG causes generation
of a large number of hypotheses in a broad
differential diagnosis that can only be narrowed
down by going through the clinical context.

The improvement in diagnostic accuracy in EKGF
after also knowing the history was influenced by the
time taken for interpreting the history: the more time
taken the higher the improvement in accuracy. This
finding seems in line with previous research showing
that final diagnostic accuracy benefits from efforts to
scrutinize initial diagnostic impressions.'®'? It is also
important that the confidence in the diagnosis
increased after the second round. Apparently, being
less confident about the diagnosis may have facilitated
changing it. These findings are only correlational, and
it remains unclear whether awareness of a possible
wrong diagnosis and enough time spent on the history
may have helped to prevent closing the case with a
wrong diagnosis.

It seems reasonable to expect that lower confidence
in the diagnosis would tend to increase the willingness
to more thorough processing of subsequent informa-
tion. However, our findings did not show a significant
relation between confidence in the initial diagnosis
and time spent in the second component of the
problem. Nevertheless, we observed a significant
though small negative correlation between confidence
and diagnostic accuracy variation. Moreover, EKGF
reported lower confidence in their (actual lower)
initial diagnostic accuracy than HE. This may be due
to the scarcity of information available when only the
EKG was presented. Previous studies that did not
show an alignment between accuracy and confidence
presented information in the standard order of first
history and then physical examination followed by
additional test results.**

There are limitations to this study. It is unclear if
our findings in ambiguous cases would apply to easier
cases or more typical cases; it also is unclear how this
experimental study could be extrapolated to other
residents and fellows or other specialties, as well as to
real-life situations under time pressure. Our findings
do have implications for how we teach clinical
reasoning regarding patients with chest pain: resi-
dents should check their confidence and should take
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their time interpreting the history. By doing so
diagnostic errors may be reduced.

Future research would be needed to elucidate
whether these observations can be extrapolated to
real-life situations. In addition, thinking experiments
out aloud could be helpful in giving more insight on
the thinking process.

Conclusions

Initial diagnostic accuracy was lower in EKGE
Subsequently, the more time spent on history the
higher the correction rate as well as diagnostic
accuracy. EKGF does not lead to a lower diagnostic
accuracy in the end. However, knowledge of the
history makes judgment of the EKG quicker and
easier.
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