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Abstract
Background: The prevalence of pulmonary embolism (PE) has not been reported in patients hospitalized due to classical
findings of decompensated heart failure (HF).

Objective: To describe the prevalence of PE and to assess the diagnostic accuracy of the Wells and Geneva scores in
patients hospitalized due to HF.

Methods: Patients hospitalized primarily due to HF underwent systematic ventilation-perfusion lung scan, and PE was
defined by a result of high probability. Aiming at interpreting, low clinical probability of PE was defined as prevalence
< 5%, according to the literature. When calculating the sample size, 49 patients were required to provide a 95%
confidence interval with £10% accuracy, estimating an a priori prevalence of 15%.

Results: Of 51 patients studied, six had a high probability of PE on lung scan, resulting in 12% prevalence (95% Cl =
5% - 23%). The Wells and Geneva scores had an area under the ROC curve of 0.53 (95% CI = 0.27 - 0.80; p = 0.80)
and 0.43 (95% Cl = 0.13 - 0.73; p = 0.56), respectively, indicating lack of accuracy for the diagnosis of PE. Alternatively,
variables related to HF showed a tendency towards association with PE, and an exploratory model formed by that type
of variable showed diagnostic accuracy for PE (ROC = 0.81; 95% CI = 0.66 — 0.96; p = 0.01).

Conclusion: (1) Despite the lack of primary suspicion, patients admitted with HF have intermediate clinical
probability of concomitant PE; (2) the scores usually used to estimate the clinical probability of PE do not apply to
the population with HF, and future predictive models should consider variables related to that syndrome. (Arq Bras
Cardiol 2012;98(2):120-125)
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Part of the investigation of pulmonary embolism consists
in assessing pretest probability. Predictive models, such as
the Wells* and Geneva® scores, have derived from studies
performed in patients suspected of having pulmonary
embolism. Those scores, however, have never been validated
in a specific population with heart failure, and the ideal model
to clinically predict pulmonary embolism in that condition
remains unknown.

Introduction

Heart failure is a syndrome that predisposes to pulmonary
embolism, because of venous stasis, increased blood
viscosity, hypercoagulability, patients” immobility, and more
advanced age than that of the general population’. Acutely
decompensated heart failure is a highly lethal condition,
whose prognosis is even worse when the patient develops
pulmonary embolism?. A recent study has shown that 9% of
the patients admitted with heart failure develop pulmonary
embolism during hospitalization, which has been called
incidence®. However, the prevalence of pulmonary embolism
in patients admitted due to decompensated heart failure is
unknown, because no study has been carried out with a
systematic and independent diagnostic assessment of the
clinical outcome. Knowing the prevalence of pulmonary
embolism might influence the medical investigation
management of those patients.

This study aimed first at determining the prevalence of
pulmonary embolism in patients primarily hospitalized due
to heart failure, and second at testing the accuracy of the
Wells and Geneva scores in that clinical condition. Thus, the
patients admitted due to well-characterized decompensated
heart failure underwent ventilation-perfusion lung scan.

Methods

Sample selection
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This study included individuals consecutively admitted
to the Coronary Unit primarily due to decompensated heart
failure, for nine months, as of January 2009. To be included
in the study, the patients had to have at least one of the three
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following characteristics for at least two weeks: (1) dyspnea
at rest associated with significant pulmonary congestion on
chest X-rays; (2) evident peripheral congestion (edema); (3)
low cardiac output evidenced by hypotension (systolic blood
pressure < 90 mm Hg) associated with a reduction in the
level of consciousness, oliguria (diuresis < 0.5 mL/kg/h) or
metabolic acidosis demonstrated through laboratory exams.
Those conditions should be clearly explained by heart failure,
with no other alternative cause presenting itself as most likely.
The following exclusion criteria were defined: (1) impossibility
to undergo lung scan and (2) patient’s refusal to participate
in the study.

Following that protocol, 73 consecutive patients met
the inclusion criteria during the period studied. Of those
73 patients, 22 were excluded because they either refused
to participate in the study, or had no clinical condition to
undergo lung scan, or that exam was not available on hospital
admission. Thus, 51 patients comprised the final sample of
this study.

Study protocol

Data were prospectively collected, with a detailed
recording of clinical history, physical examination, results
of electrocardiography, and laboratory and imaging exams.
After admission, the patients underwent ventilation-perfusion
lung scan, whose interpretation was blind regarding the
clinical findings and met the predefined criteria of the
PIOPED study®. The results of the ventilation-perfusion
lung scan were as follows: (1) normal; (2) low probability of
pulmonary embolism; (3) moderate probability of pulmonary
embolism; or (4) high probability of pulmonary embolism.
Presence of pulmonary embolism was defined as the finding
of high probability on scintigraphy’, and any other result
was considered negative for pulmonary embolism. High
probability on lung scan was defined in the PIOPED study as
at least two large perfusion defects, with no correspondence
in ventilation, or one large perfusion defect and two
moderate perfusion defects, with no correspondence in
ventilation®.

The Wells and Geneva scores, which represent validated
models to estimate the clinical probability in patients with
suspected pulmonary embolism, were calculated by using
admission data. The Wells score comprises seven variables
as follows: previous history of venous thromboembolism (1.5
point); recent immobilization (1.5 point); cancer (1 point);
hemoptysis (1 point); heart rate > 100 bpm (1.5 point);
clinical signs of deep venous thrombosis (3 points); alternative
diagnosis less likely than pulmonary embolism (3 points).
The interpretation of the Wells score is as follows: sum < 1
point indicates low probability of pulmonary embolism; sum
between 2 and 6 points indicates intermediate probability;
and sum = 7 points indicates high probability*. The Geneva
score comprises eight variables as follows: age > 65 years
(1 point); previous history of venous thromboembolism (3
points); recent immobilization (2 points); cancer (2 points);
hemoptysis (2 points); heart rate = 95 bpm (5 points) or
between 75 and 94 bpm (3 points); clinical signs of deep
venous thrombosis (4 points); and unilateral lower limb
pain (3 points). The interpretation of the Geneva score is

as follows: sum < 3 points indicates low probability; sum
between 4 and 10 points indicates intermediate probability;
and sum = 11 points indicates high probability®.

Data analysis

The sample size was calculated aiming at determining the
prevalence of pulmonary embolism. To obtain a 20% (+ 10%)
amplitude of the confidence interval of prevalence (accuracy),
estimating an a priori 15% prevalence, we calculated that the
minimal sample of 49 patients would be necessary to calculate
a 95% confidence interval.

The prevalence of pulmonary embolism was represented
as relative frequency, and the accuracy of that estimate was
described by the 95% confidence interval. For interpreting
the prevalence found, definitions originating from the
validation study of the Wells score were used. In that study,
the prevalence of pulmonary embolism in individuals with
low probability according to the Wells score was 3.4%, with
95% confidence interval between 2.2% and 5%*. Thus,
a confidence interval greater than 5% would represent a
population with an at least intermediate pretest probability
of pulmonary embolism.

To assess the diagnostic accuracy of the Wells and Geneva
scores, Receiver Operating Characteristic (ROC) curves were
drawn, considering the diagnosis of pulmonary embolism
on scintigraphy as reference. An area under the ROC curve
statistically different from 0.5 defined diagnostic accuracy. In
addition, an arbitrary score was created based on variables
of heart failure, which were more frequent in patients with
pulmonary embolism, and one point was attributed to each
variable present. That score was tested by use of the area under
the ROC curve. That last analysis had a merely exploratory
character, functioning as an initial test of the idea that a
specific score of variables related to heart failure would be
adequate to assess the probability of pulmonary embolism in
that clinical setting.

As a general rule, numeric variables of normal distribution
were described as mean and standard deviation, while those
of non-normal distribution were described as median and
interquartile range. Frequencies were described in a relative
form, as percentages. The SPSS Statistical Software (Version
9.0, SPSS Inc., Chicago, Illinois, USA) and MedCalc Statistical
Software (Version 9.3.2.0, MedCalc Software, Mariakerke,
Belgium) were used for data analysis. Statistical significance
was defined as p values < 0.05.

Results

Characteristics of the sample

The study assessed 51 patients (41% males), whose mean
age was 70 = 15 years. The most frequent type of acute heart
failure presentation was pulmonary congestion, observed in
88% of the cases. In the minority, the hospitalization was
motivated by either systemic congestion (6%) or low cardiac
output (6%). Thus, this sample is predominantly comprised
by patients with left ventricular failure. The most frequent
etiologies were hypertensive and ischemic heart diseases (35%
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and 29%, respectively), and the least frequent etiologies were
represented by those classified as idiopathic or patients with
valvular or Chagas disease. According to the echocardiographic
assessment, the sample was balanced between preserved left
ventricular ejection fraction, present in 55% of the patients,
and reduced ejection fraction in the remaining patients.
Systolic left ventricular dysfunction at least of moderate degree
(ejection fraction < 45%) was present in 37% of the sample.
Thus, in this consecutive sample of patients admitted with
typical findings of heart failure, those with preserved or slightly
impaired systolic function predominated. The other clinical
characteristics of the sample are shown in Table 1.

Prevalence of pulmonary embolism

The median time elapsed between admission and lung
scan was two days (interquartile range = 1 - 3). Ventilation-
perfusion lung scan was categorized as of high probability
for pulmonary embolism in six patients, resulting in a 12%
prevalence, with 95% confidence interval between 5% and
23%. That limit of accuracy is greater than the confidence
interval of the pulmonary embolism prevalence of patients
classified as of low pretest probability in the study that validated
the Wells score®. Thus, the prevalence found indicates that
the probability of pulmonary embolism in patients admitted
with acutely decompensated heart failure is intermediate.
In addition, two other patients had perfusion alterations
compatible with intermediate probability on scintigraphy, and
most of the remaining patients were classified as having low
probability scintigraphy.

Prediction of pulmonary embolism

The Wells score had an area under the ROC curve of 0.53
(95% Cl = 0.27 — 0.80; p = 0.80), indicating lack of the
capacity to discriminate patients with or without pulmonary
embolism, taking lung scan as the reference pattern (Figure
1). The median of that score was zero (interquartile range =
0 — 1.5). Regarding the probability of pulmonary embolism,
no patient was classified as of high probability (= 7 points),
only four patients (8%) were classified as of intermediate
probability (2 — 6 points), and most patients were classified
as of low probability (< 2 points). That resulted from the fact
that the variables of the Wells score were less frequent in that
population with well-defined criteria of heart failure. This is
shown in Table 1, where all variables have prevalence lower
than 10%, except for high heart rate, which occurred in 22%
of the patients.

Similarly, the Geneva score showed no diagnostic capacity
for pulmonary embolism, with an area under the ROC curve
of 0.43 (95% Cl = 0.13 - 0.73; p = 0.56) (Figure 1). The
median of that score was 4 (interquartile range = 3 — 6). Only
two patients (4%) were classified as of high probability, 63%
as of intermediate probability, and the remaining as of low
probability. According to the Geneva score, a larger number
of patients was classified as of intermediate probability than in
the Wells score, because of the presence of the variables age
> 65 years and heart rate = 75 bpm, whose frequencies were
73% and 81%, respectively. Nevertheless, those variables have
not contributed to the discriminatory capacity of the Geneva
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Clinical characteristics of the sample studied

Sample characteristics

Sample size 51
Age (years) 70+ 15
Male sex 21 (41%)
Chronic anticoagulation 7 (14%)
Clinical manifestation

Pulmonary congestion 45 (88%)
Systemic congestion 3 (6%)
Low output 3 (6%)
Etiology of heart failure

Hypertensive 18 (35%)
Ischemic 15 (29%)
Idiopathic 8 (16%)
Valvular 6 (12%)
Chagas disease 4 (8%)
Left ventricular function

Ejection fraction =55% 28 (55%)
Ejection fraction = 45% - 54% 4 (8%)
Ejection fraction < 45% 19 (37%)
Prothrombotic conditions

Wells score 0(0-1.5)
Cancer 2(4%)
Previous thromboembolism 1(2%)
Immobilization 4 (8%)
Chronic atrial fibrillation 12 (24%)
Obesity 2 (4%)

Wells score shown as median (interquartile range).

score, whose area under the ROC curve was not greater than
that of the Wells score.

In a merely exploratory analysis, specific characteristics
of the heart failure syndrome (contained in neither the
Wells nor the Geneva scores) that could identify pulmonary
embolism were more frequent in patients with the disease
than in those without the disease as follows: inapparent
cause of decompensation; lack of pulmonary congestion;
lack of chronic anticoagulation; and right ventricular systolic
dysfunction. Regarding the characteristics related to heart
failure severity, serum sodium below the median value
was more frequent in patients with pulmonary embolism,
unlike moderate/severe left ventricular systolic dysfunction
and chronic atrial fibrillation (Table 2). The characteristics
associated with embolism were gathered as a score (1 point
for the presence of each variable), which showed a satisfactory
capacity for diagnosing pulmonary embolism on scintigraphy,
represented by an area under the ROC curve of 0.81 (95% Cl
=0.66 -0.96; p = 0.01).
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Discussion

The present study is the first systematic assessment of
the presence of pulmonary embolism in patients admitted
primarily due to decompensated heart failure. The two
major and original observations of this study were as
follows: first, the prevalence of pulmonary embolism is
around 12%; second, the scores that estimate the pretest
probability of pulmonary embolism do not apply to patients
with acutely decompensated heart failure.

The greatest originality of this study lies in the target
population assessed, which is not formed by patients
suspected of having pulmonary embolism. On the contrary,
the inclusion criteria were carefully defined so that the
sample consisted of patients with classical findings of acutely
decompensated heart failure. In that type of patients,
neither the concomitance with the diagnosis of pulmonary
embolism, nor the need for systematic investigation is
known. The result found allows for some inferences
regarding those questions.

Initially, we need to interpret the 12% prevalence of
pulmonary embolism found, knowing that the sample size
of the study allowed for a precision between 5% and 23%
for that estimate. The study that validated the main model of
the assessment of pretest probability in patients suspected of
having pulmonary embolism has demonstrated prevalence
of only 3.5% for patients defined as of low probability, with
95% confidence interval between 2.2% and 5%*. Thus, the
limits of accuracy of the prevalence found in the present study
indicate that having decompensated heart failure characterizes
the patient as having intermediate probability for concomitant
pulmonary embolism. Initially this might seem counterintuitive,
because those patients meet clear criteria for heart failure.
However, the diagnosis of pulmonary embolism does not
exclude the presence of heart failure; it is a concomitant
disease, which might even represent the decompensation
factor of heart failure. In our study, the absence of an apparent
cause for decompensation was more frequent in patients with
pulmonary embolism. Thus, pulmonary embolism might be an
occult factor for heart failure decompensation.
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Panels A and B indicate the lack of diagnostic accuracy of the Wells and Geneva scores: area below the ROC curve of 0.53 (95% CI = 0.27 - 0.80; P= 0.80)
and 0.43 (95% Cl = 0.13 - 0.73; P = 0.56), respectively. Panel C indicates that the model created based on the characteristics of heart failure has diagnostic accuracy

(ROC = 0.81; 95% Cl = 0.66 - 0.96; P = 0.01).

Exploratory analysis of the characteristics of heart failure related to the diagnosis of pulmonary embolism

Lung scan diagnosis

With embolism No embolism

Age (years) 69+ 16 70+15
Inapparent cause of decompensation 4 (67%) 17 (38%)
No pulmonary congestion 2 (33%) 4 (9%)

No chronic anticoagulation 1(25%) 6 (16%)
RV systolic dysfunction 2 (33%) 6 (13%)
Serum sodium < median 4 (67%) 16 (36%)
Ejection fraction < 45% 2 (33%) 17 (38%)
Atrial fibrillation 1(17%) 11 (24%)

RV - right ventricle.
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Secondly, the implication of that prevalence in clinical
practice should be inferred. Considering that patients with
decompensated heart failure have an intermediate probability
of pulmonary embolism, the indication of imaging tests to
investigate that condition should be more frequent than it
usually is for those individuals. Because of the lack of findings
like the one presented in this study, the search for embolism
is not routinely recommended in patients with classical acute
heart failure®?, but it is recommended in those whose clinical
findings are dubious regarding the primary origin of symptoms.
The indication might not exist for any patient with heart failure,
but for a subgroup of patients in whom the concomitance of
embolism is frequent. In an exploratory and only preliminary
form, our findings suggest that characteristics such as lack
of apparent cause for decompensation, right ventricular
dysfunction, and lack of pulmonary congestion (findings of
systemic congestion or low output) can be predictive variables.

Regarding the identification of patients predisposed to
concomitant pulmonary embolism, Piazza and Goldhaber'
have recently suggested the application of the Wells score to
those with heart failure, aiming at identifying the group to be
investigated with imaging tests. Our findings are contrary to that
recommendation, which has not been based on evidence of
accuracy of the Wells score. We demonstrated that the classical
scores to estimate the probability of pulmonary embolism
(Wells and Geneva) do not have diagnostic accuracy in patients
with heart failure, and this finding has not been reported in the
literature. This is due to the fact that the presence of the variables
of those scores is low in patients with acutely decompensated
heart failure, suggesting that the predictive variables of embolism
in that type of patient might be different. Thus, the identification
of a subgroup to be investigated should not consider those scores,
and predictive models should derive from populations with heart
failure. Only for the purpose of preliminary analysis, we simulated
amodel based on the characteristics of the heart failure syndrome
that were more associated with embolism. This analysis suggested
that this is the way to find a probabilistic score. Given that the
score assessed suggested the concept of risk prediction in that
clinical context, it should not be considered since it has not been
validated for clinical use.

Regarding studies previously published about that issue,
Darzé et al® have originally reported the incidence of pulmonary
embolism in patients admitted with acutely decompensated
heart failure. Those authors have described the appearance
of pulmonary embolism during hospitalization, and, thus, the
investigation depended on new symptoms appearing over disease
progression. Thus, the search for embolism was not systematic,
and prevalence on admission was not the focus of that study.
Gromadzinski et al'''? have carried out a systematic research on
embolism with tomography, but the sample was not characterized
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