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ABSTRACT

Introduction: Risk stratification in acute pulmonary
embolism (PE) is crucial to identify those patients with a
poorer prognosis. We aimed to investigate a modified Bova
score for risk stratification in acute PE.

Materials and methods: We performed a retrospective
analysis of PE patients treated in the internal medicine
department. Both haemodynamically stable and unstable
PE patients,
troponin I (cInl) and existing echocardiography were

>

18 years with measurements of cardiac

included in the analysis.

Results: Data from 130 patients were included for this
retrospective analysis. Three patients (2.3%) died in
hospital; 84 patients had a Bova score of < 4 points and
46 = 4 points. PE patients with a score = 4 points were
older (71.2 + 13.8 vs. 66.3 % 15.5 years, p = 0.0733), died
more frequently during the in-hospital course (6.5% vs.
0.0%, p
status (10.9% vs. 1.2%, p = 0.0122), more often had right

0.0183), had a more prevalent high-risk PE
ventricular dysfunction (100.0% vs. 35.7%, p < 0.000001),
presented more frequently with syncope/collapse (21.7%
vs. 3.6%, p = o.00101) and had a higher heart rate (104.6
+ 23.5 VS. 90.0 = 20.6/min, p = 0.000143), shock index
(0.91 £ 0.59 vs. 0.62 = 0.18, p = 0.000232), cInl (036
£ 0.42 Vs. 0.03 + 0.1ong/ml, p < 0.000001) and creatinine
(1.32 + 0.50 vs. 1.03 + 0.27 mg/dl, p = 0.000170). Adjusted
multivariate logistic regressions revealed significant
associations between the Bova score and in-hospital death

(OR 4.172, 95% CI 1.125-15.464, p = 0.03206) as well as
pneumonia based on PE-related lung infarction (OR 1.207,
95% CI 1.005-1.449, p = 0.0442). ROC analysis for Bova
score predicting in-hospital death and pneumonia based
on PE-related lung infarction showed area under the curve
values of 0.908 and 0.606 with Bova score cut-off values
of 3.5 points and 1.5 points, respectively.

Conclusions: The modified Bova score is highly effective to
predict poorer outcome in acute PE.
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INTRODUCTION

Pulmonary embolism (PE) is connected with high
morbidity and mortality.” Rapid risk stratification in acute
PE is crucial to identify those PE patients with a poorer
prognosis and in deciding the appropriate therapy.'+'® The
recommended risk stratification in patients with acute
PE according to the current European and American
guidelines is based on assessment of haemodynamic
status, evaluation of right ventricular (RV) dysfunction,
cardiac injury markers and outcome scores, such as the
Pulmonary Embolism Severity Index (PESI).”*® Guideline
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recommendations are based on study results that have
emphasised that adverse events and mortality in acute
PE are closely related to the initial haemodynamic status
of the patients and typical cardiac adaptations. 61925
Haemodynamic instability is associated with the highest
mortality rates.#6:13:18.26-28

The Bova score is another simple grading system for
stratifying the risk of short-term complications in
normotensive PE patients.293° The score consists of four
variables, which are assessed at the time of PE diagnosis.®
The four variables comprise heart rate, systolic blood
pressure, cardiac troponin (cTn) and RV dysfunction.>®
We modified the Bova score and, in this study, aimed to
test the effectiveness of this modified Bova score to predict
in-hospital death in haemodynamically stable and unstable
PE patients. The modification of the Bova score was based
on the objective to investigate the Bova score not only in
normotensive PE patients but also haemodynamically
unstable PE patients.

METHODS AND PATIENTS

We performed a retrospective analysis of patients with
a confirmed diagnosis of acute PE. Consecutive patients
treated in the internal medicine department between May
2006 and June 2011 were included. The patients were
identified by a search in the hospital information system
database for the diagnostic code of PE (ICD Code: 120).
Studies in Germany involving retrospective analysis
of diagnostic standard data do not require an ethics
statement.

Enrolled subjects

Patients were eligible for this study based on the following:

1. If the diagnosis of acute PE was confirmed by an
identified filling defect in the pulmonary artery system
on a computed tomography (CT) pulmonary angiogram
of the chest, a scintigraphic ventilation-perfusion (V/Q)
scan read as high probability for PE or positive venous
ultrasound/phlebography of an extremity consistent
with deep venous thrombosis (DVT) in patients with
typical symptoms of PE (chest pain or dyspnoea) and
positive D-dimer;

. If patients were treated in the internal medicine
department of the hospital;

3. If patients were at least 18 years old and

4. If patients had wundergone a transthoracic

echocardiography (TTE) and a cardiac troponin I (cInl)

value was available, both performed in the acute phase.

All CT, scintigraphy and phlebography images were
analysed by experienced radiologists.

Routine diagnostic strategy
The the
recommendations of the European Society of Cardiology

routine diagnostic strategy followed
(ESC) guidelines from 2008.° In haemodynamically stable
patients with suspected PE, CT was the primary diagnostic
tool to confirm the PE diagnosis. In cases of impaired renal
function a V/Q scan was used to make the diagnosis. A
confirmed DVT with additional typical symptoms of PE
and a positive D-dimer value were considered adequate
to diagnose PE in only a minority of patients, especially
multi-morbid patients with suspected PE. Transthoracic
echocardiography and laboratory testing of cTnl were
intended for all patients with suspected and confirmed PE,
but were not done in all patients.

Definitions

Cardiac injury

According to the American Heart Association (AHA)
scientific statement from 2011, myocardial necrosis was
defined as a cardiac cTnl elevation higher than 0.4 ng/ml.®

Right ventricular dysfunction

RV dysfunction was defined according to the AHA
scientific statement® as a quotient of RV septal-lateral
diameter/ left ventricular (LV) septal-lateral diameter
> 0.9 in the four-chamber view on transthoracic
echocardiography.® Moreover, RV dysfunction was
defined as RV hypokinesis and tricuspid regurgitation by
echocardiography.™

High-risk pulmonary embolism

PE patients with a systolic blood pressure < go mmHg at
admission were classified as high-risk PE according to the
definition from the ESC guidelines®” and AHA scientific
statement.’®

Modified Bova score

Patient characteristics at the time of PE diagnosis
determined the Bova score.?3° In order to use the original
Bova score in both haemodynamically stable and unstable
PE patients, we modified the criterion of systolic blood
pressure go-roo mmHg of the original Bova score to
systolic blood pressure < 100 mmHg in our modified
Bova score. The modified Bova score is shown in table 1; it
was calculated for haemodynamically stable and unstable
PE patients. The sum of the points for each of the four
predictor variables produced the total score for each
patient.>°

Study parameters

The retrospective analysis of PE patients focused on
echocardiographic and CT results, cInl, systolic blood
pressure and heart rate values.
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Table 1. Modified Bova score

Predictor variable Points
Systolic blood pressure < 100 mmHg 2
Cardiac troponin I > 0.04 ng/ml 2
Right ventricular dysfunction 2
Heart rate = 110 beats/min 1

Study outcome measures

Endpoints of this analysis were in-hospital death and the
complication of pneumonia based on PE-related lung
infarction. In-hospital death comprised all causes of death
during the hospital course. Pneumonia based on PE-related
lung infarction consisted of existing lung infarction with
infiltration of lung tissue with elevated inflammatory
markers (C-reactive protein) and following treatment with
antibiotics.

Statistics

PE patients with a Bova score = 4 points and those with a
Bova score < 4 points were compared using the Wilcoxon-
Mann-Whitney U test.

We used multivariate logistic regression models to
investigate the associations between the Bova score and the
study endpoints in-hospital death and pneumonia based on
PE-related lung infarction, each of which was adjusted for
age and gender.

Receiver operating characteristic (ROC) curves with
areas under the curves (AUC) and Youden indices were
calculated to test the effectiveness of the Bova score
to predict in-hospital death and pneumonia based on
PE-related lung infarction in an acute PE event. The
Wilcoxon-Mann-Whitney test was used to test the deviation
of the ROC curve from the angle bisector.

The commercially available software BIAS® (version 10.04)
was used for the computerised analysis. P values of < 0.05
were considered to be statistically significant. We used
the Bonferroni method to adjust the significance level for
multiple testing.

RESULTS

From May 2006 to June 2011, 182 patients with confirmed
acute PE were found by a search of the hospital information
system database for the diagnostic code of PE. From these
identified patients, 52 patients were excluded because
they had no c¢Inl measurement or had not undergone
transthoracic echocardiography. Therefore, we included
130 patients in this analysis.

In 86.2% of the patients, the PE diagnosis was confirmed
by CT, in 8.4% by V/Q scan and in 5.4% by positive venous
ultrasound/phlebography of an extremity consistent with

DVT in patients with typical symptoms of PE (chest pain
or dyspnoea) and positive D-dimer.

In the study sample, three patients (2.3%) died in hospital
after the PE, and six patients (4.6%) presented with
haemodynamically unstable PE (high-risk PE patients).
Moreover 43.1% (56 patients) presented with pneumonia
based on PE-related lung infarction and 70% (91 patients)
had a concomitantly detected DVT. The recommended Bova
risk staging showed 79 patients in stage I (0-2 points), 33 in
stage II (3-4 points) and 18 in stage III (> 4 points).

Comparison between the groups

The total study sample comprised 84 PE patients (64.6%) with
a Bova score of < 4 points and 46 PE patients (35.4%) with a
Bova score = 4 points. The patient characteristics stratified
for point sum of = 4 or < 4 points are shown in table 2.
PE patients with a Bova score = 4 points were older (71.2 +
13.8 vs. 66.3 * 15.5 years, p = 0.0733), died more frequently
during the in-hospital course (6.5% vs. 0.0%, p = 0.0183),
had a more prevalent high-risk PE status (10.9% vs. 1.2%,
p = o.0122), more often had RV dysfunction (100.0% vs.
35.7%, p < 0.000001) and presented more frequently with
syncope or collapse (21.7% vs. 3.6%, p = 0.00101).
Moreover PE patients with a Bova score = 4 had higher
levels of heart rate (104.6 = 23.5 vs. 90.0 + 20.6/min,
p = 0.000143), shock index (0.91 + 0.59 vs. 0.62 + 0.18,
p = 0.000232), cInl (0.36 £ 0.42 vs. 0.03 + 0.10 ng/ml,
p < 0.000001), creatinine (1.32 + 0.50 vs. 1.03 + 0.27 mg/d],
p = 0.000170) and lower levels of creatinine kinase (98.0
£70.1VS. 100.3  237.3, p = 0.007061) (table 2).

After Bonferroni adjustment of the significance level
for multiple testing, the adjusted significance level
was computed at 0.00238. After this adjustment the
parameters syncope or collapse, heart rate, shock index,
creatinine, creatinine kinase and RV dysfunction still
remained significantly higher in those PE patients with a
Bova score = 4 than in those with a Bova score < 4.

Association between Bova score and outcome parameters
The multivariate logistic regression models revealed a
significant association between the Bova score and
in-hospital death (OR 4.172, 95% CI 1.125-15.464, p = 0.0320)
and between the Bova score and pneumonia based on
PE-related lung infarction (OR 1.207, 95% CI 1.005-1.449,
P = 0.0442); each model was adjusted for age and gender
respectively.

Effectiveness and optimal cut-off of outcome prediction
The calculated ROC analysis for the Bova score predicting
in-hospital death showed an AUC of 0.908 with a Bova
score cut-off value of 3.5 points and a p = o.o160 for
differentiation. The percentages of misclassification,
sensitivity, specificity, and positive and negative predictive
values were 16.9%, 100.0%, 74.7%, 66.1% and 100.0%,
respectively (figure 1).
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Table 2. Characteristics of patients with pulmonary embolism

Parameter PE patients with Bova score < 4

Number of patients 84 (64.6%)
Age at event (years) 66.3 £ 15.4
Female gender 50 (59.5%)
Comorbidities

Surgery or trauma in last
3 months before PE event

19 (22.6%)

DVT or PE in patient’s history 25 (29.8%)

Current DVT 62 (73.8%)

Cancer currently or in
patient’s history

16 (19.0%)

Lung infarction with

33 (39:3%)

pheumonia

In-hospital death 0 (0.0%)
High-risk PE stage I (1.2%)
Symptoms

Chest pain 28 (33.3%)
Dyspnoea 70 (83.3%)
Haemoptysis I (1.2%)
Syncope or collapse 3 (3.6%)
Physical examination

Systolic BP (mmHg) 148.3 + 24.0
Diastolic BP (mmHg) 78.6 £19.8
Heart rate (beats/min) 90.0 +20.6
Shock index 0.62 + 0.18
Laboratory markers

Cardiac troponin I (ng/ml) 0.03 + 0.10
Creatinine kinase (U/l) 100.3 + 237.3
Creatinine (mg/dl) 1.03 + 0.27
Echocardiography

RV dysfunction 30 (35.7%)

PE patients with Bova score = 4  P-value for difference

46 (35.4%)

71.2 £ 13.8 0.0733
26 (56.5%) 0.681

7 (15.2%) 0.315

9 (19.6%) 0.194

29 (63.0%) 0.202

10 (21.7%) 0.201

23 (50.0%) 0.240

3 (6.5%) 0.0183

5 (10.9%) 0.0I22

18 (39.1%) 0.510

42 (91.3%) 0.210

3 (6.5%) 0.0884
10 (21.7%) 0.00101
133.5 £ 38.5 0.0817
75.8 £ 22.1 0.977
104.6 + 23.5 0.000143
0.9I+ 0.59 0.000232
036 +0.42 < 0.000001
98.0 £70.1 0.00761
132+ 0.50 0.000170
46 (100.0%) < 0.000001

PE patients were stratified by Bova score < 4 or = 4 points. Results were described as mean values with standard deviation or relative percentages.
Groups were compared with the Wilcoxon-Mann-Whitney-U test. BP = blood pressure; DVT = deep venous thrombosis; PE = pulmonary embolism; RV

= right ventricular.

The ROC analysis for the Bova score predicting pneumonia
based on PE-related lung infarction revealed an AUC of
0.606 with Bova score cut-off level of 1.5 points and a
p = 0.0383 for differentiation. The percentage of misclassi-
fication, sensitivity, specificity, and positive and negative
predictive values were 40.9%, 63.4%, 56.9%, 43.2% and
75.0%, respectively (figure 2).

DISCUSSION

Rapid risk and accurate stratification in acute PE is
crucial for evaluation of the patient’s prognosis and
for the determination of the appropriate therapy.'416332
Several study results in acute PE have found that presence
of RV dysfunction or myocardial necrosis is associated
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Figure 1. Receiver operating characteristic (ROC)
curve with area under the curve (AUC) and Youden
Index were calculated to test the effectiveness of the
Bova score to predict in-hospital death in acute PE
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Figure 2. Receiver operating characteristic (ROC)
curve with area under the curve (AUC) and Youden
Index were calculated to test the effectiveness of the
Bova score to predict pneumonia based on the lung
infarction of acute PE
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with increased mortality.>+6.9117-22.24273340 DE patients
with an elevated cTn showed a 3.5- to 5.3-fold increase of
mortality in the first three months after an acute PE 361019
Additionally, heart rate and systolic blood pressure are
rapidly available and reliable parameters for the risk
stratification process. Heart rate elevations in settings of
acute PE are connected with a more severe PE stage and
poorer outcome.>+8 Therefore, elevated heart rate values
have been included in outcome scores, such as the PESI, as
a risk stratification parameter.+ Tachycardia was associated
with sevenfold higher risk of in-hospital death in one of

our analyses that has already been published.++ Systolic
blood pressure values of < go mmHg were identified
as an important prognostic factor in the International
Cooperative Pulmonary Embolism Registry (ICOPER).%
In the PESI and the simplified PESI, a systolic BP of
< 100 mmHg is one of the parameters to predict poorer
prognosis.74146

The Bova score is another new, simple grading system
for stratifying the risk of short-term complications in
normotensive PE patients.293° The Bova score condenses
the important risk stratification markers of RV
dysfunction, cTn, heart rate elevation and hypotension.293°
The Bova score was developed for the risk stratification
of normotensive PE patients only. We aimed to analyse
the usefulness of the Bova score, without focusing on the
haemodynamic status, for all PE patients in the internal
medical section of our hospital. Therefore, we modified
this Bova score for the use in PE risk stratification of both
haemodynamically stable and unstable PE patients. We
aimed to underline the usefulness and the helpfulness
of this score. Although the Bova score was created for
better risk stratification, especially in normotensive
PE patients, our investigation showed that the Bova
score is highly effective to identify those patients with a
higher complication and in-hospital death rate in both
haemodynamically stable and unstable PE patients. A Bova
score of = 4 points identified the patients with a higher risk
of short-term mortality with high specificity and specificity
and low misclassification rate. All PE patients who died
in hospital had a Bova score = 4 points. Bova score was
strongly associated with in-hospital death.

The computed effectiveness for the modified Bova score
in predicting in-hospital death (AUC 0.908) was thereby
distinctly higher than that of ¢Tnl (AUC 0.719)# or heart
rate (AUC 0.655)# separately predicting in-hospital death
in our study. In contrast, Janata et al.#® described a higher
effectiveness (AUC 0.92) for cInT in predicting in-hospital
death.#® In the study by Kucher et al.> the reported AUC
for prediction of an adverse outcome was 0.89 for cInl
alone and o.9o for the combination of cTnl and RV
dysfunction in echocardiography.>

In contrast, effectiveness of the Bova score to predict
pneumonia based on PE-related lung infarction as a
complication of PE was only moderate.

The selection by the inclusion criteria of existing
transthoracic echocardiography and existing cTnl value in
this analysis, reducing the number of the included patients
from 182 to 130, could lead to a selection bias, but this is
a retrospective study and we wanted to have an accurately
assessed Bova score in each patient. Therefore, it is
hypothetical whether more PE patients with low-risk PE did
not undergo transthoracic echocardiography examination
or have a cTnl value and were excluded than PE patients
with intermediate or high-risk PE, but of course it has
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to be expected that transthoracic echocardiography and
cInl were done less often in PE patients with a lower PE
severity status than in those with a higher severity status
and therefore a bias has to be suggested. The portion of PE
patients with pneumonia related to lung infarction seems
high in our study sample at > 40%, but in accordance
with these results Goldhaber et al.#0 reported in their
autopsy study that 54 of 1455 patients showed major
pulmonary embolism at autopsy and of these 54 patients
21 (38.9%) had an concomitant pneumonia.+ Therefore,
these percentage values are not very different.

Overall mortality of patients with acute PE remains high
despite modern diagnostic and reperfusion strategies.’
Management options of acute PE include anticoagulation
treatment alone, thrombolysis (systemic or localised)
plus anticoagulation, insertion of inferior vena cava filter,
catheter embolectomy, or surgical embolectomy.s° The
decision-making process to choose the appropriate therapy
requires rapid and accurate risk stratification and is crucial
to identify those PE patients with a poorer prognosis.'¢5°
ESC guidelines recommend that thrombolytic therapy is
the first-line treatment in PE patients with high-risk PE
status, presenting with arterial hypotension or cardiogenic
shock, with very few absolute contraindications.” The
routine use of thrombolytic therapy in normotensive PE
patients was not recommended by the ESC guidelines.”
Randomised trials have shown that thrombolytic therapy
resolves the obstruction of the pulmonary artery bed and
is connected with beneficial effects on the haemodynamic
status of PE patients.'®75"5¢ The results of the PEITHO
study emphasised that intermediate-risk PE patients
could also benefit from more aggressive treatment options
such as fibrinolytic therapy but with the concomitant
higher risk of bleeding.!® Beside systemic thrombolysis,
catheter-directed thrombolysis in combination with or
without ultrasound acceleration for thrombolysis are used
to perform localised thrombolysis therapy with lower
bleeding risk.57-¢

The Bova score could be helpful to identify those PE
patients who are of higher risk to die during the early
in-hospital course.

Limitations

Important study limitations are the small to medium
number of included PE patients and the study’s single
centre and retrospective design.

CONCLUSIONS

The modified Bova score is highly effective to predict
poorer outcome in acute PE.
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