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ABSTRACT
Background and purpose Detection of atrial fibrillation
(AF) after acute ischaemic stroke is pivotal for the timely
initiation of anticoagulation to prevent recurrence. Besides
heart rhythm monitoring, various blood biomarkers have
been suggested as complimentary diagnostic tools for
AF. We aimed to summarise data on the performance of
cardiac natriuretic peptides for the diagnosis of covert AF
after acute ischaemic stroke and to assess their potential
clinical utility.
Methods We searched PubMed and Embase for
prospective studies reporting the performance of B-
type natriuretic peptide (BNP) or N-terminal pro-BNP
(NT-proBNP) for the diagnosis of covert AF after acute
ischaemic stroke. Summary diagnostic performance
measures were pooled using bivariate meta-analysis with
a random-effect model.
Results We included six studies focusing on BNP
(n=1930) and three studies focusing on NT-proBNP
(n=623). BNP had a sensitivity of 0.83 (95% CI 0.64
to 0.93), a specificity of 0.74 (0.67 to 0.81), a positive
likelihood ratio of 3.2 (2.6 to 4.0) and a negative likelihood
ratio of 0.23 (0.11 to 0.49). NT-proBNP had a sensitivity of
0.91 (0.65 to 0.98), a specificity of 0.77 (0.52 to 0.91), a
positive likelihood ratio of 3.9 (1.8 to 8.7) and a negative
likelihood ratio of 0.12 (0.03 to 0.48). Considering a pretest
probability of 20%, BNP and NT-proBNP had post-test
probabilities of 45% and 50%.
Conclusions NT-proBNP has a better performance than
BNP for the diagnosis of covert AF after acute ischaemic
stroke. Both biomarkers have low post-test probabilities
and may not be used as a stand-alone decision-making
tool for the diagnosis of covert AF in patients with acute
ischaemic stroke. However, they may be useful for a
screening strategy aiming to select patients for long-term
monitoring of the heart rhythm.

INTRODUCTION
Atrial fibrillation (AF) is responsible for
approximately 20% of all ischaemic strokes.1
Stroke secondary to AF is usually more severe
and associated with greater recurrence
and mortality rates.2 Oral anticoagulation
is a readily available secondary prevention
strategy. Therefore, timely and accurate diagnosis of AF after stroke is pivotal. The sensitivity of standard ECG for the detection of

AF is low especially in patients with paroxysmal AF.3 Prolonged ECG monitoring has
higher detection rates but is expensive, time
consuming and hard to generalise to a routine
clinical scenario.
Inflammation and haemodynamic stress
are important pathophysiological substrates
for AF and thrombus development in the left
atrial appendage, and both factors trigger the
production of natriuretic peptides by cardiomyocytes.4 The haemodynamic stress could
result from underlying cardiac or systemic
comorbidities but could also be a consequence
of the catecholamine release after an acute
stroke.5 6 Cardioembolic strokes usually cause
larger brain lesions and are typically associated with higher levels of cardiac natriuretic
peptides.7–9 Several studies have suggested
that cardiac natriuretic peptides could serve
as a useful biomarker for the diagnosis of AF
in patients with ischaemic stroke.10 Previous
meta-analyses have focused on the validity of
cardiac natriuretic peptides for the diagnosis
of cardioembolic stroke with documented
paroxysmal or persistent AF or with evidence
of other emboligenic heart diseases.11 12
However, a diagnostic biomarker is more relevant in patients with stroke in whom there is
no pre-existing evidence of AF. We conducted
this systematic review and meta-
analysis
to summarise data on the performance of
cardiac natriuretic peptides for the diagnosis
of covert AF after acute ischaemic stroke and
to assess their potential clinical utility.
METHODS
We searched PubMed and Embase, up to
15 December 2019, for prospective studies
reporting the performance of cardiac natriuretic peptides for the diagnosis of covert AF
after acute ischaemic stroke. Small cases series
(<30 participants) and studies including
patients with pre-existing or chronic AF were
excluded. The search strategy is available
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in online supplemental table I. Agreement between
reviewers for study selection was assessed using the
Cohen’s kappa statistic which indicates the proportion
of the possible beyond chance agreement that is attributable to the individual performance of the observers.13
Disagreements were solved through discussion and
consensus. The Quality Assessment of Diagnostic Accuracy Studies-2 tool was used to assess the methodological quality of each study.14 Risk of bias and applicability

concerns summary and graph were derived using the software RevMan (V.5.3, Cochrane Collaboration, London,
UK).
A bivariate meta-analysis with random-effects model was
performed to calculate the pooled sensitivity, specificity,
positive likelihood ratio (PLR), negative likelihood ratio
(NLR) and diagnostic OR (DOR) for B-type natriuretic
peptide (BNP) and N-terminal pro-BNP (NT-proBNP).
A hierarchical summary receiver operating characteristic
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Figure 1 Forest plots showing study-specific and summary sensitivity and specificity with corresponding heterogeneity
statistics. BNP, B-type natriuretic peptide.
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curve was derived and an area under the curve (AUC)
calculated.15 16
The performances of BNP and NT-
proBNP for the
diagnosis of covert AF were analysed separately owing
to substantial differences in primary structures, plasma
levels, plasma half-lives, elimination pathways and antibodies used in detection assays.17–20 Although AF was not
detected at the time of stroke onset or blood sampling in
the included studies, the analyses of diagnostic accuracy
were performed under the assumption that patients diagnosed with AF during follow-up already had an underlying paroxysmal AF that could be the cause of the stroke.
We investigated the interstudy heterogeneity by
assessing the presence of a threshold effect. This was done
by calculating the Spearman rank correlation coefficient
between true positive and false positive rates, computing
the I2 index, and performing the χ2 test on the Cochrane’s
Q statistic.15 16 21 Publication bias was assessed by Deeks’
funnel plot asymmetry test.
The clinical utility of the biomarkers was assessed
by computing post-
test probabilities on Fagan nomograms based on Bayes Theorem.22 23 We considered a
pretest probability of 20% since it is the proportion of
stroke attributed to AF and the proportion of patients
without carotid disease who were diagnosed with AF after
an average follow-up of 3.4 years in the New Approach
Rivaroxaban Inhibition of factor Xa in the Global Trial vs
Aspirin to Prevent Embolism in Embolic Stroke of Undetermined Source (NAVIGATE-ESUS) trial.1 24 We opted
130

to use the most recent estimate from the NAVIGATE-
ESUS trial rather than the 12.4% estimate from the
Cryptogenic Stroke and Underlying AF (CRYSTAL-AF)
trial25 because recent evidence suggests that patients with
embolic stroke of undetermined source who have an ipsilateral mild carotid stenosis are less likely to have AF and
may have a large-vessel stroke.26 In the CRYSTAL-AF trial,
the lower incidence of AF despite the use of implantable
cardiac monitors may be due to the inclusion of patients
with mild carotid stenosis and the shorter duration of
follow-up.27
All statistical tests were two-sided and statistical significance defined as p≤0.05. Data analysis was performed with
the software STATA (V.13.0, StataCorp, College Station,
Texas, USA) using the dedicated MIDAS module.23 This
report is compliant with the Preferred Reporting Items
for Systematic Review and Meta-analysis of Diagnostic Test
Accuracy Studies guidelines.28 The database is available
from the corresponding author on reasonable request.
RESULTS
There were six studies of the diagnostic validity of BNP
(n=1930)29–34 and three for NT-
proBNP (n=623)35–37
(online supplemental figure I). There was 97.8% agreement between the investigators for study inclusion
(κ=0.86).
Five studies recruited patients within 24 hours of stroke
onset. In all studies, blood samples were collected on
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Figure 2 Fagan nomograms showing the post-test probability of atrial fibrillation after a positive or a negative test. Prior_prob,
pre-test probability; LR, likelihood ratio; Post_prob_pos, post-test probability for a positive result; Post_prog_neg, post-test
probability for a negative result.
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DISCUSSION
NT-p roBNP had a significantly higher AUC than BNP.
NT-
p roBNP also had higher summary estimates of
sensitivity, specificity, PLR and DOR although there
was a wide overlap of CIs which may be explained by
the small number of studies available for this meta-
analysis. These results suggest that NT-p roBNP has
a better performance than BNP for the diagnosis of
covert AF after acute ischaemic stroke. Our findings
are consistent with the results of a recent individual
patient data meta-
a nalysis showing that the multivariable model including NT-
p roBNP had higher
predictive value for cardioembolic stroke than the
model including BNP in patients with stroke of

undetermined cause at baseline. 12 The better perforp roBNP could be explained by the
mance of NT-
fact that it has a longer half-life than BNP (120 vs
20 min), 19 thus increasing the chances of detecting a
rise in plasma levels after a transient episode of AF.
Despite their high sensitivity, the clinical utility indicators of BNP and NT-p roBNP remain suboptimal. It
is considered that a PLR >10 and a NLR <0.1 provide
strong evidence of the capacity of a test to rule in
or rule out a diagnosis in most circumstances. 38 Both
biomarkers do not meet these requirements. Only
about 50% of patients testing positive for BNP or
NT-p roBNP are likely to have AF if the pretest probability is 20%, no matter the cut-o ff used. Therefore,
cardiac natriuretic peptides may not be used as a
stand-
a lone decision-
m aking tool for the diagnosis
of covert AF in patients with acute ischaemic stroke.
However, they may be useful for a screening strategy
aiming to select patients for long-t erm monitoring of
the heart rhythm. 32 They could also be used to select
high-r isk patients prior to randomisation into anticoagulation trials as currently done in the atrial cardiopathy and antithrombotic drugs in prevention after
cryptogenic stroke trial (NCT03192215). 39 Further
studies are needed to investigate if the performance
of cardiac natriuretic peptides could be improved by
the combination with transcriptomic biomarkers. 40
Due to the limited number of included studies,
subgroup and metaregression analyses could not be
performed to explore how the diagnostic perforp roBNP is influenced by
mance of BNP and NT-
patients’ clinical characteristics, notably age, presence of cardiovascular risk factors and cardiac comorbidities (heart failure, coronary atherosclerosis,
valvular diseases), presence of kidney failure and use
of diuretics, method of cardiac monitoring and time
to diagnosis of AF, time from stroke onset to blood
collection, size of brain infarction, treatment with
beta-b lockers and systemic inflammation. 19 41 Analysis
of data from ongoing trials and future observational
studies may clarify if cardiac natriuretic peptides have
a better clinical utility profile in specific subgroups of
patients with acute ischaemic stroke.
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admission. All patients had a 12-lead ECG and a 24 hours
Holter ECG at baseline, followed by single or repeated
prolonged monitoring periods. Levels of cardiac natriuretic peptides were measured using electrochemiluminescence immunosorbent assay in five studies and
chemiluminescence immunosorbent assay in four. The
mean age of the participants was >60 years in eight studies
and the mean time to AF diagnosis ranged from 3 to
36 days. The characteristics of the included studies are
summarised in online supplemental table II. The overall
quality of the included studies was high (online supplemental figures II and III).
The summary performance measures for the diagnosis
of covert AF using BNP were as follows: sensitivity of 0.83
(95% CI 0.64 to 0.93), specificity of 0.74 (95% CI 0.67
to 0.81), PLR of 3.2 (95% CI 2.6 to 4.0), NLR of 0.23
(95% CI 0.11 to 0.49), DOR of 14 (95% CI 7 to 27) and
AUC of 0.82 (95% CI 0.79 to 0.85) (figure 1 and online
supplemental figure IV). Using a pretest probability of
20%, the post-test probability of AF was 45% for a positive
test and 5% for a negative test (figure 2). There was a
positive correlation between true and false positive rates
(Spearman ρ=0.54), suggesting a threshold effect responsible for 64% of the observed heterogeneity (I2=97%,
p<0.001). The Deeks’ Funnel plot asymmetry test was
not significant, suggesting no publication bias (p=0.55,
online supplemental figure V).
The summary performance measures for diagnostic of
covert AF using NT-proBNP were as follows: sensitivity of
0.91 (95% CI 0.65 to 0.98), specificity of 0.77 (95% CI
0.52 to 0.91), PLR of 3.9 (95% CI 1.8 to 8.7), NLR of 0.12
(95% CI 0.03 to 0.48), DOR of 34 (95% CI 8 to 138) and
AUC of 0.91 (95% CI 0.88 to 0.93) (figure 1 and online
supplemental figure IV). Using a pretest probability of
20%, the post-test probability of AF is 50% for a positive test and 3% for a negative test (figure 2). There was
positive correlation between true and false positive rates
(Spearman ρ=0.40), suggesting a threshold effect responsible for 47% of the observed heterogeneity (I2=90%,
p<0.001). The Deeks’ Funnel plot asymmetry test was
not significant, suggesting no publication bias (p=0.17,
online supplemental figure V).
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