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Abstract
Background: Early detection of chronic heart failure has become increasingly important since the
introduction of effective treatment. However, clinical diagnosis of heart failure is known to be
difficult, especially in mild cases or early in the course of the disease. The purpose of this study is
to analyse how patient characteristics contribute to difficulties in diagnosing systolic heart failure.
Methods: Design: A Clinical Judgement Analysis study of 40 case vignettes based on authentic
patients, including relevant clinical data except echocardiography. Setting: Primary health care and
two cardiology outpatient clinics in Stockholm. Subjects: 70 participants with different types of
clinical experience; 27 specialists in general practice, 22 cardiologists, and 21 medical students. Main
outcome measures: The assessed probability of heart failure for each case vignette, and the
disagreement between the participants. The number of clinical variables (cues) indicative of heart
failure in the case vignettes.
Results: The ten case vignettes with the least diverging assessments more often had increased
relative cardiac volume and atrial fibrillation. No further specific clinical patterns could be found in
subgroups of the case vignettes. The ten case vignettes with the most diverging assessments were
those with an intermediate number of clinical variables. The case vignettes with the least diverging
assessments more often represented patients with cardiac enlargement and atrial fibrillation.
Conclusion: Diagnosing mild heart failure is difficult, as these patients are not easy to characterise.
In our study, a larger number of positive cues resulted in more diagnostic conformity among the
participants, and the most important information was cardiac enlargement. The importance of
more objective diagnostic methods in diagnosing suspected cases of heart failure should be
emphasised.

Background
Heart failure is a major cause of morbidity and mortality,
and the prevalence seems to be increasing. In Stockholm
the prevalence has been estimated to 1.3–2.5 % [1] and in

a recent study, 0.7 % of a population of 100 000 inhabitants registered at 13 health centres in Stockholm had the
diagnosis heart failure [2].
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Early detection of heart failure has become increasingly
important, as modern drug treatment has the potential to
improve symptoms and quality of life, slow down the rate
of disease progression, and improve survival. Unfortunately, the clinical diagnosis of chronic heart failure is
known to be difficult, especially in mild cases, as many
features of the condition are not organ specific, and there
may be few clinical features in the early stages of the disease [3–5]. An echocardiogram gives an objective measurement of heart function, and is now often considered to
be decisive for the diagnosis of heart failure. However, it
often represents a late step in the diagnostic process in primary health care, and the clinical evaluation of symptoms
and signs is still crucial. Knowledge about various aspects
of diagnostic thinking is an important research area. Better insight into how doctors diagnose heart failure can
help us to improve education and guidelines, and to construct decision support systems.
In a Clinical Judgement Analysis (CJA) study we analysed
differences between general practitioners, cardiologists
and medical students [6]. We found that the groups were
strikingly similar with respect to diagnostic accomplishment, and they used similar diagnostic strategies for
assessing the probability of systolic heart failure. However, on an individual level they differed considerably in
both respects.
In this study the aim was to analyse how patient characteristics contribute to difficulties in diagnosing systolic heart
failure. Our hypothesis was that patients who were either
typical heart failure patients (a large number of variables
indicating heart failure) or typical non-heart failure
patients (few or no variables indicating heart failure)
would be easier to diagnose correctly than the intermediate cases.

Methods
The procedure regarding participants and case vignettes,
has been described in detail elsewhere [6].
A total of 70 physicians with different types of clinical
experience participated in the study: 27 general practitioners (GPs), 22 cardiologists, and 21 medical students. In
the above-mentioned study we had found the three
groups to be similar regarding strategies and diagnostic
accomplishment when assessing heart failure probability,
and we therefore decided to treat them as a single group
in this context.
The case vignettes were based on authentic patients, as we
wanted them to be realistic, i.e. we wanted the associations between values of the variables to represent associations found in real patients [7]. In order to assess the
participants' diagnostic accomplishment, we needed
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patients with a valid diagnosis (heart failure or not heart
failure). We used 40 patients referred from GPs to the cardiology outpatient clinic at the Stockholm Söder Hospital
for problems related to heart failure. The data were collected from patient records at the cardiology clinic. The
diagnoses were made by the attending cardiologists, and
were based on all available clinical information including
echocardiography. Diastolic dysfunction is difficult to
measure in old patients and in the presence of atrial fibrillation, and therefore diastolic dysfunction will not be discussed in this study.
The case vignettes were presented in a booklet. Eight variables (cues) were used to characterise each patient: a history of myocardial infarction, dyspnoea, atrial fibrillation,
leg oedema, rales, systolic blood pressure, signs of minor
pulmonary stasis, and relative cardiac volume on chest Xray. The cues were chosen because of their relevance,
according to articles, textbooks, interviews with GPs and
prediction validity in relevant populations, and because
of their availability in the patients' medical records. Information about the left-ventricular ejection fraction was not
given in the case vignettes, as we wanted to capture an earlier step in the judgement process. For each vignette the
participants assessed the probability of the patient having
some degree of heart failure. The assessments were made
on a visual analogue scale, anchored at the ends by 0 %
(with certainty, not heart failure), and 100 % (with certainty, heart failure), respectively.
We dichotomised the non-binary cue values in order to
count the number of positive cues for each case vignette.
A positive cue for systolic blood pressure was ≤ 140 mm
Hg (since a low value had been found to be associated
with heart failure in our group of patients), and for relative cardiac volume a positive cue was ≥ 490 ml/m2 for
men and ≥ 450 ml/m2 for women (corresponding to the
local reference values).
To get a measurement of how difficult it was to diagnose
each case vignette, we used the interquartile range (IQR,
the difference between the third and the first quartile) of
the participants' assessments of the probability of heart
failure. A large interquartile range indicates that the participants have divergent opinions about whether the patient
has heart failure or not. The ten vignettes with the highest
interquartile ranges were considered the most difficult
cases and the ten vignettes with the lowest values the least
difficult cases.
For each vignette the median value of the participants'
assessments was calculated. A high median value indicates
that the participants consider it probable that the patient
has heart failure.
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Table 1: Some characteristics of the case vignettes.

Age, mean and range
Sex, number of men
Number of patients with a history of myocardial infarction
Number of patients with dyspnoea
Number of patients with atrial fibrillation *)
Number of patients with leg oedema
Number of patients with rales
Number of patients with a systolic blood pressure ≤ 140 mmHg *)
Number of patients with signs of pulmonary stasis
Number of patients with cardiac enlargement **)
Number of patients with cardiac volume >700 ml/m2 **)
Relative cardiac volume (ml/m2), mean and range ***)
Echocardiogram: ejection fraction (%), mean and range (not presented as
a cue) ***)

Heart failure n = 26

Non-heart failure n = 14

77 (56–92)
11
10
23
14
9
8
17
11
25
15
722 (470–940)
37 (20–55)

76 (56–84)
7
2
9
3
4
4
4
5
8
2
529 (350–880)
55 (50–65)

*) p < 0.05 **) p < 0.01 ***) p < 0.001

T-test, chi-square test and Fisher exact test were used for
analysing differences between groups. The association
between the interquartile ranges and the number of positive cues for all the vignettes was studied with a regression
line plot. All calculations were done using Minitab version
11.12, except Fisher exact test, which was done in EpiInfo
version 6.
Approval for the study was obtained from the local Ethics
Committee.

Results
Characteristics of the case vignettes
Table 1 presents the characteristics of the case vignettes.
Twenty-six of the cases had heart failure. Vignettes representing patients with and without heart failure differed
regarding relative cardiac volume, atrial fibrillation, and
systolic blood pressure. They also differed regarding ejection fraction values (not presented in the vignettes). The
numbers of positive cues for the two groups were 4.5 and
2.7, respectively. The average age was 76 years.

Five of the patients without heart failure had hypertension, two had valvular diseases, two had angina pectoris,
two had diabetes, and one had chronic obstructive pulmonary disease. Patients with and without heart failure
did not differ in this respect. One patient with and four
patients without heart failure were suspected of having
diastolic cardiac dysfunction.
Case vignettes with the least and the most divergent
assessments
Table 2 presents the characteristics of the case vignettes
with the least and the most divergent assessments. The

two groups differed only regarding relative cardiac volume and atrial fibrillation.
For all of the vignettes the variation between the probability assessments was large. The differences between maximum and minimum assessments (the range) for the
individual vignettes varied between 48 and 100 percentage units. The assessments of the case vignettes with the
least and the most divergent assessments are presented in
Figure 1. The interquartile ranges (box sizes) for the
vignettes with the least divergent assessments were
between 10 and 19 percentage units, and for those with
the most divergent assessments they were between 30 and
42 percentage units. The fact that the participants had
converging opinions about a vignette did not mean, however, that their assessment was correct (for example,
patients 20 and 26 in Figure 1, who were assessed as probable heart failure patients but who did not have that
diagnosis).
The ten vignettes with the least divergent assessments
were rated as having a rather high risk of heart failure
(median heart failure probability assessments between 70
and 91 percentage units), and eight of them represented
patients with heart failure. They had, on the average, five
positive cues. The ten vignettes with the most divergent
assessments were rated as having a medium risk of heart
failure (median heart failure probability assessments
between 37 and 81 percentage units), and five of them
represented patients with heart failure. They had, on the
average, 3.4 positive cues.
Table 3 shows some cue combinations. The "classic" heart
failure findings (dyspnoea, oedema and rales) were found
together in very few vignettes. Vignettes representing
Page 3 of 8
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Table 2: Characteristics of the case vignettes representing the least and the most divergent assessments

Least divergent assessments n = 10 Most divergent assessments n = 10
Number of patients with heart failure
Age, mean and range
Sex, number of men
Number of patients with a history of myocardial infarction
Number of patients with dyspnoea
Number of patients with atrial fibrillation **)
Number of patients with leg oedema
Number of patients with rales
Number of patients with a systolic blood pressure ≤ 140 mmHg
Number of patients with signs of pulmonary stasis
Number of patients with cardiac enlargement
Number of patients with cardiac volume >700 ml/m2 **)
Relative cardiac volume (ml/m2), mean and range ***)
Echocardiogram: ejection fraction (%), mean and range (not presented as
a cue)

8
75 (61–92)
6
3
10
8
3
5
6
5
10
8
791(600–920)
40(25–58)

5
75 (56–84)
6
5
7
1
4
3
4
4
6
1
533(370–900)
44.6(25–55)

**) p < 0.01; ***) p < 0,001

patients with and without heart failure differed regarding
the combination of cardiac enlargement and a history of
myocardial infarction, whereas vignettes representing the
least and the most divergent assessments did not. For the
rest of the cue combinations, no difference between the
groups was found.
The regression line plot indicates that the case vignettes
with the least divergent assessments were those with the
highest and the lowest number of positive cues, and the
case vignettes with the most divergent assessments were
those with an intermediate number of positive cues (Fig.
2).

Discussion
In this study the aim was to describe patient characteristics
that can make the identification of patients with systolic
heart failure more or less difficult. Our hypothesis that the
case vignettes with a large number of positive cues would
be easier to diagnose correctly than those with an intermediate number was supported by the regression line plot
(Figure 2). The small number of patients with few positive
cues makes it more difficult, however, to draw conclusions about those patients (the left part of Figure 2).
The combination of dyspnoea, oedema and rales constitutes the "classic" clinical picture of heart failure. It was
found in few of the patients and was therefore of little use
for the judgements. All the vignettes represented patients
treated with loop diuretics, which may have obscured
some of the findings. Treatment with diuretics is, however, common in this group of patients, and information
about the treatment was given in the vignettes to make it
possible for the participants to evaluate its effect. Dysp-

noea alone was common in all the patients, and could
therefore not discriminate between the groups.
A study on heart failure diagnostics in primary health care
has shown that cardiac enlargement (measured by displaced apex beat) was the best single predictor of left
ventricular systolic dysfunction, and that a combination
of cardiac enlargement and a history of myocardial infarction had the best positive predictive value [8]. Apex displacement is a coarse method for measuring cardiac
enlargement, and it is seldom used by Swedish doctors,
who prefer to use X-ray for this purpose. In our study, the
relative cardiac volume on X-ray was the single best predictor among the cues. The combination of cardiac
enlargement and a history of myocardial infarction could
discriminate between heart failure and non-heart failure
patients, but it did not discriminate between the patients
with the least and the most divergent assessments. However, the relative cardiac volume of the patients with the
least divergent assessments were larger (920, 810 and 760
ml/m2) than those with the most divergent assessments
(650 and 610 ml/m2), which could explain why it was
easier for the doctors to reach consensus about them.
The ejection fraction is often considered a gold standard
in heart failure diagnostics, and the fact that it was not
included as a variable in the case vignettes might have
made the judgement situation difficult for some of the
participants. On the other hand, since the ejection fraction could also be a dominating variable, including it
could have made it difficult to evaluate the influence of
the other variables. B type natriuretic peptide has been
shown to be useful for ruling out systolic heart failure in
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The case vignettes with the idL
least divergent assessments
(Heart failure: vignettes 2, 3, 14, 15, 16, 30, 32, and 35)
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31

39

The case vignettes with theidS
most divergent assessments
(Heart failure: vignettes 9, 19, 22, 24, and 31)

The
Figure
case1 vignettes with the least and the most divergent assessments
The case vignettes with the least and the most divergent assessments. The box size (= the interquartile range)
reflects the participants' divergence in rating the probability of heart failure for each individual patient. The bottom of the box
is at the first quartile (Q1), the top is at the third quartile (Q3), and the line across the box is at the median value. The "whiskers" (= the lines that extend from the top and bottom of the box) extend to the smallest and the largest observation (= participant) that is not considered an outlier. Outliers (*) are observations outside these limits.
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Table 3: Some cue combinations.

Least divergent
assessments n = 10

Most divergent
assessments n = 10

Heart failure n = 26

Non-heart failure n =
14

3

2

9

0

10
8

4
1

22
12

5
2

1

1

2

1

Cardiac enlargement and a history of myocardial
infarction *)
Cardiac enlargement and dyspnoea
Cardiac enlargement and dyspnoea and atrial
fibrillation
Dyspnoea and leg oedema and rales

*) p < 0.05 (for heart failure compared with non-heart failure patients)

Regression Plot

Interquartile range

40

30

20

10
1

2

3

4

5

6

7

No of positive cues

Figure 2 between assessment divergency and number of positive cues
Association
Association between assessment divergency and number of positive cues. A regression line plot representing the
association between the interquartile range values (degree of assessment divergency) and the number of positive cues for the
40 case vignettes.
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general practice [9]. As it is not used in routine clinical
practice in Sweden, it could not be included as a variable
in the vignettes.
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therefore be valuable to supplement the perspective in
this study with a study using a process perspective.

Conclusions
The European Society of Cardiology has adopted guidelines for the diagnosis and treatment of chronic heart failure. The guidelines list conditions that are necessary or
supporting for establishing the presence of heart failure,
or oppose the diagnosis [10]. Our vignettes were modelled to represent an intermediate step in the diagnostic
process, and therefore information that could help to rule
out heart failure is missing (echocardiography, natriuretic
peptides and electrocardiogram). Given the information
in the vignettes, however, the following conclusions could
be drawn: All the case vignettes with the least divergent
assessments fulfil the symptom criterion in the guidelines.
In five of them, the diagnosis is supported by information
about both appropriate signs (rales) and chest X-ray (cardiac enlargement and/or pulmonary stasis), and in five of
them by information about chest X-ray only. Nine of the
case vignettes with the most divergent assessments also
fulfil the symptom criterion. In one of them, the diagnosis
is supported by information about both signs and chest Xray, in five of them by information about chest X-ray only,
in two of them by information about signs only, and in
one of the vignettes, there is no further support to the
diagnosis. The vignettes with the most divergent assessments thus had less support from the guidelines.
Relatively few studies on patients suspected of having
heart failure have been performed in primary health care
settings. Those that have been conducted often report
over-diagnosis [4,5,11–14], while fewer studies report
under-diagnosis [13,15–17]. Under-diagnosis is more difficult to study than over-diagnosis, as data not only must
be collected from patients diagnosed as having heart failure, but also from a larger population. We have used a
new method to look at heart failure diagnostics in a group
of patients referred from primary health. Clinical Judgement Analysis studies using case vignettes with validated
diagnoses can be another way of studying under-diagnosis.
With Clinical Judgement Analysis we can describe important aspects of the clinical judgement process (e.g. the
influence of variable values of on the decisions, and diagnostic achievement). There are, however, other aspects
that could be better studied with process oriented methods, e.g. successive decision-making, evaluation of information, and use of decision rules [18–21]. Findings with
high sensitivity and low specificity, such as history and
physical examination, are more important in an early
stage of the diagnostic process, and findings with high
specificity and low sensitivity, such as echocardiography,
in a later stage, for validating the diagnosis. It would

Identifying patients with mild heart failure is difficult, as
these patients are not easy to characterise. In our study, a
larger number of positive cues resulted in more diagnostic
conformity among the participants, and the most important information was cardiac enlargement. The
importance of more objective diagnostic methods in diagnosing suspected cases of heart failure should be
emphasised.
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