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AbstrACt

Rationale

The potential role of elevated brain-type natriuretic peptides in the differentiation of 
patients suffering from acute pulmonary embolism at risk for adverse clinical outcome 
has not been fully established.

Objectives

We evaluated the relation between elevated (NT-pro-)BNP levels and clinical outcome in 
patients with pulmonary embolism.

Methods

Articles reporting on studies that evaluated the risk of adverse outcome in patients with 
pulmonary embolism and elevated (NT-pro-)BNP levels were abstracted from Medline 
and EMBASE. Information on study design, patient- and assay characteristics and clini-
cal outcome were extracted. Primary endpoints were overall mortality and pre-defined 
composite outcome of adverse clinical events.

Measurements and Main Results

Data from 13 studies were included. In 51% (576/1132) of the patients (NT-pro-)BNP lev-
els were increased. The different analyses were performed in subpopulations. Elevated 
levels of (NT-pro-)BNP were significantly associated with right ventricular dysfunction 
(p<0.001). Patients with high (NT-pro-)BNP concentration were at higher risk of com-
plicated in-hospital course (OR 6.8, 95%CI 4.4-10) and 30-day mortality (OR 7.6, 95%CI 
3.4-17).Patients with a high (NT-pro-)BNP had a 10% risk of dying (68/671, 95%CI 8.0-13) 
while 23% (209/909, 95%CI 20-26) had an adverse clinical outcome.

Conclusions

High concentrations of BNP distinguish patients with pulmonary embolism at higher risk 
of complicated in-hospital course and death from those with low BNP levels. Increased 
(NT-pro-)BNP concentrations alone however do not justify more invasive treatment 
regimens.
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IntroDuCtIon

Right ventricular dysfunction on echocardiography is a common clinical finding in 
patients with acute pulmonary embolism (PE)1-3 and predicts poor outcome in these 
patients. Prognostic stratification in acute PE patients may have consequences on 
management decisions. Patients identified with a low risk of complicated outcome may 
be eligible for outpatient management and high risk patients may benefit of more ag-
gressive treatment.1-2

Several cardiac biomarkers have emerged as indicator of right ventricular dysfunc-
tion and predictor of clinical outcome in patients with acute PE. A recent meta-analysis 
demonstrated that elevated troponin levels identify patients with PE at high risk of 
short term death and adverse outcome.4 Also, Brain-type natriuretic peptide (BNP) is 
a marker of ventricular dysfunction. This hormone is released in response to myocyte 
stretch. It is synthesized as an inactive prohormone (pro-BNP) that is split into the active 
hormone BNP and the inactive N-terminal fragment (NT-pro-BNP).5 Several prospective 
studies have been performed to identify to potential role of either BNP or NT-pro-BNP 
in the risk stratification of patients with PE.6-18 However, reported studies have limited 
patient numbers, used different cutoff points and involved different clinical endpoints. 
Therefore, we performed a meta-analysis of studies in patients with acute PE to evaluate 
the relation between elevated levels of BNP or NT-pro-BNP and clinical outcome.

MethoDs

Data sources

A literature search was performed to identify all published prospective studies on BNP or 
NT-pro-BNP levels and clinical outcome in patients with PE. Medline and EMBASE were 
searched using pre-defined search terms, between January 1980 and October 2007. 
Search criteria included “Pulmonary Embolism” and “pro-brain natriuretic peptide” or 
“Brain Natriuretic Peptide” or “natriuretic peptide”. Also, by searching the reference lists 
of all established studies, the researchers aimed to identify additional relevant papers. 
Papers were not limited to the English language. Only full papers were applicable for 
this analysis.

Study outcome

Objectively adjudicated short term adverse clinical events were used as primary out-
come of this meta-analysis. These included mortality or an adverse clinical outcome 
defined as the occurrence of any of the following: death, cardiopulmonary resuscitation, 
mechanical ventilation, use of vasopressors, thrombolysis, thrombosuction, open surgi-
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cal embolectomy or admission to the ICU. Right ventricular dysfunction was used as 
secondary endpoint.

Study selection and data extraction

Two independent researchers (F.K. and I.M., both MD) performed study selection. In case 
of disagreements a third researcher (M.H., MD, PhD) was consulted. Criteria for selection 
were a prospective design, consecutive inclusion, pre-defined endpoints, clear descrip-
tion of in- and exclusion criteria, objective criteria for diagnosis of PE, standardized treat-
ment and the possibility of creating a 2 by 2 table based on BNP or NT-pro-BNP levels and 
clinical endpoints. Study sample size was not an eligibility criterion. Objective criteria for 
PE were positive CT findings, high probability VQ scan, positive pulmonary angiography 
or clinical suspicion of PE in combination with an ultrasonography proven deep vein 
thrombosis. Le Gal et al recently described that a positive compression ultrasonography 
of the lower limb veins is highly predictive of PE on computed tomography in suspected 
patients.19 Data regarding patient characteristics, exclusion criteria, diagnostic criteria 
for PE, severity of PE (inclusion of hemodynamic instable patients and use of thrombo-
lytic therapy), completeness of follow-up, immunoassay, timing of sampling, cutoff level, 
follow-up period and endpoints were abstracted.

Statistical analysis

Data were entered in Review Manager (Version 4.2 for Windows. Copenhagen: The 
Nordic Cochrane Centre, the Cochrane Collaboration, 2003). Individual and pooled odds 
ratios were calculated to assess the relation between elevated BNP or NT-pro-BNP levels 
and clinical outcome. Mantel-Haenszel Methods for Combining Trials were used for 
weighting the studies. Cochran’s chi-square test and the I2 test for heterogeneity were 
used to assess inter study heterogeneity. The chi-square test assesses whether observed 
differences in results are compatible with chance alone. I2 describes the percentage of 
the variability in effect estimates that is due to heterogeneity rather than sampling error. 
Statistically significant heterogeneity was considered present at chi-square p<0.10 and 
I2 >50%.

results

Study selection

As a result of the literature search, 124 studies were revealed. Articles were excluded by 
review of title and abstract in case of review articles (n=48), animal studies (n=2), case 
reports (n=5), editorials, letters or author replies (n=13), studies not including the clinical 
course of PE (n=6) and if it concerned studies on other diseases than PE (n=17, Figure 1). 
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After full review, 20 more studies were excluded because our predefined endpoints were 
not reported (17) or no cutoff points were mentioned (3). We identified 13 studies that 
met our criteria.6-18

Characteristics of included studies

Demographic characteristics of the patients were comparable between all included 
studies (Table 1). Mean age of the patients varied between 53 and 75 years, the propor-
tion of females ranged from 36-74%. In most patients, the diagnosis of PE was confirmed 
by CT-scan, high probability V/Q scan or pulmonary angiography. In three studies, he-
modynamically unstable patients were excluded.7,11,17 Noticeably, in two of these latter 
studies, some patients received thrombolytic therapy during their hospital stay.7,11 Two 
included studies reported on partially overlapping patient cohorts.16,18 Because one of 
them used BNP16 and the other NT-pro-BNP18 levels as outcome parameter, both studies 
could be incorporated into subgroup analyses based on type of BNP testing.

Assays and cutoff points

As shown in Table 1, all studies reporting NT-pro-BNP levels used a Roche analyzer (2 
types), with 3 different cutoff levels, varying from 500 till 1000 pg/ml. In the BNP stud-
ies, two assays with 4 different cutoff levels varying between 75 and 100 pg/ml were 
used. In all included studies, the timing of sampling is comparable. Cutoff levels were 
not predefined in most studies. In these 10 papers, receiver operating characteristics 

124 identified studies  

33 studies identified for full-text revision 

91 excluded after review of title and abstract 
 48 review papers 
 17 diseases other than PE 
13 editorials, letters or author reply 
 6   diagnostic value of BNP 
 5   case studies 
 2   animal studies 
 

20 excluded after full text review 
              17 no cutoff- or predefined endpoint 

3  data not comparable 
    

13 studies included in the meta-analysis 

figure 1. Flow diagram of study selection. PE: pulmonary embolism.
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(ROC) analyses were performed to retrospectively determine optimal cutoff values with 
regard to complicated PE. Normal levels are defined as levels beneath or equal to the 
cutoff point.

Clinical outcome

Overall, in 51% (576/1132) of the patients the assays showed elevated plasma concen-
trations of (NT-pro-) BNP. Data on overall mortality were reported in 4 studies using 
BNP10,11,14,17 and 4 studies using NT-pro-BNP.8,12,13,15 In the BNP cohort, 17 of 123 patients 
(14%, 95%CI 8.3-21) with elevated BNP levels died compared to 3 of 138 (2.2%, 95%CI 
0.45-6.2) with normal BNP levels. This resulted in an overall OR for death of 6.5 (95%CI 
2.0-21, Figure 2). One study had a follow up of 3 months17, as compared to the other 3 
which had in-hospital follow-up. If this single study was left out of the analysis, overall OR 
decreased to 3.3 (95%CI 0.6-18). In the NT-pro-BNP cohort, 46 of 250 patients (18%, 95%CI 
14-24) with elevated NT-pro-BNP levels died in comparison with 2 of 160 (1.3%, 95%CI 
0.15-4.4) with normal NT-pro-BNP levels, OR for death was 8.7 (95%CI 2.8-27, Figure 2).

Numbers on PE-related mortality were only available in 3 studies.11,13,17 Because 
follow-up time was dissimilar between these studies and not all mortality cases were 
adjudicated by an independent, blinded committee to determine the cause of death, we 
could not use PE-related mortality as an outcome of this analysis.

Ten studies provided data on adverse clinical outcome6,8-13,15,16,18 of which 6 had NT-pro-
BNP levels as outcome parameter.6,8,12,13,15,18 Overall, criteria for adverse clinical outcome 
were comparable throughout all studies. In the BNP study group, 47 of 128 (37%, 95%CI 
28-46) patients with elevated BNP levels had adverse advents during follow-up in com-
parison with 28 of 208 (13%, 95%CI 9.1-19) patients with normal plasma concentrations. 
High BNP levels were associated with a higher risk of occurrence of adverse clinical 
events (OR 6.3, 95%CI 3.6-11, Figure 3). This OR was even higher (9.5, 95%CI 3.5-25) after 
exclusion of 1 study with 6 months of follow-up,9 thereby limiting the outcome to in 
hospital clinical course. Of the 318 patients with elevated NT-pro-BNP levels, 102 expe-
rienced short term adverse events (32%, 95%CI 27-38) as compared to 12 of 225 (5.3%, 
95%CI 2.8-9.1) patients with normal NT-pro-BNP levels. Patients with high NT-pro-BNP 
serum concentration were at higher risk of complicated in-hospital course compared 
to patients with normal levels (OR 7.5, 95%CI 3.8-15, Figure 3). Pooled data of all assays 
showed elevated (NT-pro-) BNP levels in 52% of the patients with a risk of 23% (209/909, 
95%CI 20-26) and an OR of 6.8 (95%CI 4.4-10) towards complicated clinical course.

Right ventricular dysfunction

Data on right ventricular dysfunction were reported in 6 studies (Figure 4). Four studies 
were evaluating BNP (243 patients)7,11,14,16 and 2 studies evaluated NT-pro-BNP levels 
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(197 patients).12,18 The incidence of right ventricular dysfunction was 85% (116 of 137 
patients; 95%CI 78-90) and 12% (13 of 106 patients; 95%CI 6.7-20) in patients with and 
without elevated BNP levels respectively (p<0.0001). A positive association was found 
between increased concentration of BNP and the presence of right ventricular dysfunc-
tion (OR 81; 95%CI 27-238). In NT-pro-BNP studies, the incidence of right ventricular 
dysfunction was 45% (49 of 109 patients; 95%CI 35-55) in patients with elevated NT-pro-
BNP levels compared with 4.5% (4 of 88 patients; 95%CI 1.3-11) in patients with normal 
NT-pro-BNP levels. Elevated NT-pro-BNP levels were associated with the presence of 
right ventricular dysfunction (OR, 16.81; 95% CI 5.73 to 49.37). Pooled data of all assays 
revealed a combined OR of 39 (95%CI 17-89).

DIsCussIon

This meta-analysis demonstrates a significant relation between high levels of (NT-pro-) 
BNP and deterioration of clinical condition in patients with acute PE. This is physiologi-
cally plausible since BNP is released as a reaction to right ventricular stress, which has 
been shown to predict a non-benign course in patients with PE.1-3 This relation is also 
demonstrated in this analysis: we found a very strong correlation between increased 
levels of (NT-pro-) BNP and right ventricular dysfunction on echocardiography (Figure 4).

There are some points for discussion if (NT-pro-) BNP levels would be incorporated 
in clinical treatment strategies for patients with acute PE. First, timing of blood sam-
pling has consequences for the established BNP-concentration. The BNP prohormone 
(pro-BNP) in normal ventricular myocytes is not stored to a significant amount. As a 
consequence, it takes several hours for the plasma natriuretic peptide levels to increase 
significantly after the onset of acute myocardial stretch.20 A very recent onset of com-
plaints could therefore result in false-negative (NT-pro-) BNP test results. Second, many 
different cutoff levels for (NT-pro-) BNP are proposed in the literature.21,22 The variation 
may be related to patient selection, different gender and age.22 Despite the different 
cutoff levels and different assays, the prognostic value of both NT-pro- BNP and BNP was 
consistent in all included studies.

What are the potential implications of our findings? First, normal levels of BNP have a 
high negative predictive value for unfavorable outcome. Patients with normal levels of 
(NT-pro-) BNP have low risks for death as well as hemodynamic deterioration resulting 
in any adverse events. Conversely, elevated concentrations of B-type natriuretic pep-
tides are a nonspecific finding. An explanation for this phenomenon is the elevation 
of natriuretic peptides in a multitude of other conditions, including preexisting left 
ventricular dysfunction, higher age, renal impairment and chronic lung disease.23 The 
combination of BNP with other clinical risk factors for adverse outcome may improve 



(NT-pro-) BNP for predicting adverse outcome after PE 125

Lo
ge

ar
t e

t a
l7  

   
   

   
   

   
   

   
   

36
/4

7 
   

   
  0

/2
0 

 
 

   
   

   
   

  1
4.

14
 

   
   

   
   

13
0 

(7
.2

3-
23

24
)  

 
P

ie
ra

lli
 e

t a
l11

  
   

   
   

   
   

   
   

   
35

/4
1 

   
   

  0
/2

0 
 

 
   

   
   

   
  1

3.
71

 
   

   
   

   
22

4 
(1

2.
0-

41
83

) 
 

K
rü

ge
r e

t a
l14

  
   

   
   

   
   

   
   

   
16

/1
7 

   
   

  9
/2

5 
 

 
   

   
   

   
   

24
.7

4 
   

   
   

  2
8.

4 
(3

.2
2-

25
4)

 
 

K
ug

er
 e

t a
l18

  
   

   
   

   
   

   
   

   
29

/3
2 

   
   

  4
/4

1 
 

 
   

   
   

   
   

47
.4

2 
   

   
   

  5
9.

4 
(1

8.
5-

43
1)

 
 

  
To

ta
l  

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

11
6/

13
7 

   
   

   
   

  1
3/

10
6 

 
 

 
   

   
   

   
   

   
   

 1
00

   
   

   
   

   
   

  8
0.

6 
(2

7.
3-

23
8)

  
Te

st
 fo

r h
et

er
og

en
ei

ty
: C

hi
2 =

1.
47

, d
f=

3 
(p

=0
.6

9)
, I

2 =
0%

 
Te

st
 fo

r o
ve

ra
ll 

ef
fe

ct
: Z

=7
.9

4 
(p

<0
.0

00
1)

 

C
om

bi
ne

d 
to

ta
l  

   
   

   
   

   
   

   
   

   
   

  1
65

/2
46

 
   

   
   

   
   

 1
7/

19
4 

  
 

   
   

   
   

   
   

   
  1

00
   

   
   

   
   

   
   

  3
8.

6 
(1

6.
7-

89
.2

)  
Te

st
 fo

r h
et

er
og

en
ei

ty
: C

hi
2 =

5.
69

, d
f=

5 
(p

=0
.3

4)
, I

2 =
12

.1
%

 
Te

st
 fo

r o
ve

ra
ll 

ef
fe

ct
: Z

=8
.5

5 
(p

<0
.0

00
1)

 

To
ta

l  
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 4

9/
10

9 
   

   
   

   
   

  4
/8

8 
 

 
 

   
   

   
   

   
   

   
  1

00
   

   
   

   
   

   
   

16
.8

 (5
.7

3-
49

.4
)  

Te
st

 fo
r h

et
er

og
en

ei
ty

: C
hi

2 =
0.

18
, d

f=
1 

(p
=0

.6
7)

, I
2 =

0%
 

Te
st

 fo
r o

ve
ra

ll 
ef

fe
ct

: Z
=5

.1
4 

(p
<0

.0
00

1)
 

B
in

de
r e

t a
l12

 
   

   
   

   
   

   
   

  3
0/

67
 

   
   

   
3/

57
 

 
 

   
   

   
   

   
73

.2
6 

   
   

   
   

 1
4.

6 
(4

.1
5-

51
.4

)  
K

uc
he

r e
t a

l16
 

   
   

   
   

   
   

   
  1

9/
42

 
   

   
   

1/
31

 
 

 
   

   
   

   
   

26
.7

4 
   

   
   

   
 2

4.
8 

(3
.0

9-
19

9)
 

  

0.
01

   
   

   
0.

   
   

   
   

 1
   

   
   

   
10

   
   

   
 1

00
 

R
ig

ht
 v

en
tr

ic
ul

ar
 d

ys
fu

nc
tio

n 

S
tu

dy
 

H
ig

h 
B

N
P

 
   

   
   

 N
or

m
al

 B
N

P 
 O

R
 (r

an
do

m
) 

   
   

   
   

   
   

  W
ei

gh
   

   
   

   
   

  O
R

 (r
an

do
m

) 
   

  n
/N

 
   

   
   

   
   

 n
/N

 
 

   
   

95
%

 C
I 

   
   

   
   

   
   

   
   

%
  

   
   

   
   

   
   

   
  9

5%
 C

I 

H
ig

h 
N

T-
pr

o-
B

N
P 

   
   

   
   

 N
or

m
al

 N
T-

pr
o-

B
N

P 
   

   
   

 n
/N

 
   

   
   

   
   

   
   

 n
/N

 

fi
gu

re
 4

. O
dd

s r
at

io
 (O

R)
 fo

r r
ig

ht
 v

en
tr

ic
ul

ar
 d

ys
fu

nc
tio

n 
on

 e
ch

oc
ar

di
og

ra
ph

y 
ba

se
d 

on
 e

le
va

te
d 

(N
T-

pr
o-

) B
N

P 
le

ve
ls

. D
iff

er
en

t c
ut

off
s w

er
e 

us
ed

 fo
r d

iff
er

en
t s

tu
di

es
; 

M
an

te
l-H

ae
ns

ze
l m

et
ho

ds
 fo

r c
om

bi
ni

ng
 tr

ia
ls

 w
er

e 
us

ed
 fo

r w
ei

gh
tin

g 
th

e 
st

ud
ie

s. 
CI

: c
on

fid
en

ce
 in

te
rv

al
.



126 Chapter 8

sensitivity and positive predictive value for clinical deterioration. Such algorithms for 
risk stratification would be clinically useful if they were able to identify patients eligible 
for outpatient management, for standard or intensive in-hospital treatment. Proposals 
for such algorithms including (bio)markers of right ventricular function, e.g. (NT-pro-) 
BNP, troponin4 or heart-type fatty acid-binding protein,24,25 have been made but not vali-
dated prospectively in clinical outcome studies yet.12,13,26 Future studies are required to 
determine the clinical benefits of more aggressive treatments in patients with adverse 
prognosis as identified by these risk stratifications and less intensive treatment includ-
ing out of hospital treatment in patients with normal values of BNP.

This meta-analysis has limitations. First, included studies used different assays with 
different retrospectively calculated cutoff points. Second, duration of follow-up and 
definitions of endpoints varied among the studies. In addition, most studies did not 
mention completeness of follow-up. Nonetheless, we have included a large cohort of 
prospectively followed patients (n=1128) and our analysis showed no evidence of het-
erogeneity between the outcomes of the incorporated studies. Third, the relative risk for 
mortality is not adjusted for confounding factors, thus part of the effect ascribed to high 
BNP values may be related to clinical conditions associated with PE. Fourth, we could 
not determine the ideal cutoff for the two BNP tests because we did not have the raw 
data to do ROC curves and other analyses. Finally, in the included studies it is not stated 
whether thrombolytic therapy or ICU admission were the result of the clinical condition 
or a high (NT-pro-)BNP value.

In summary, an elevated level of (NT-pro-)BNP is a risk factor for short-term mortality, 
overall short term complicated clinical outcome and an indicator of right ventricular 
dysfunction in patients with acute PE. It remains to be demonstrated whether it could 
play a role in risk stratification algorithms identifying patients that could benefit from 
differentiated forms of therapy, of which thrombolytic therapy and home treatment are 
two poles of the spectrum.
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