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Introduction 

Syncope is a transient loss of consciousness with an inability 
to maintain postural tone that is followed by prompt and 
complete recovery (1). It affects 6 in 1,000 people yearly, 

accounting for 3% of emergency department (ED) visits 

and 1–6% of hospital medical admissions (1,2).

On average 30–40% of these patients are admitted to 

hospitals, resulting in nearly 200,000 hospital admissions 
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annually in the United states with an approximate cost of 
2.5 billion in year 2000 (1-3). 

Current admissions practices result in marginal 
diagnostic and therapeutic benefit and consume healthcare 
resources. Recent emphasis has focused on risk stratifying 
syncope patients. There is a need to identify high risk 
patients requiring further investigation, and those with low 
risk who can be discharged safely. In recent years, a large 
number of risk stratification studies have been proposed 
including; the Syncope Evaluation in the Emergency 
Department Study (SEEDS), Osservatorio Epidemiologico 
Sulla Sincope nel Lazio (OESIL) (3,4), San Francisco 
Syncope Rule (SFSR) (5), Short term Prognosis of Syncope 
(STEP) (6), and the Risk Stratification of Syncope in the 
Emergency Department (ROSE) study (7,8). ROSE study 
was the first one to recommend the use of point of care 
BNP measurements, rectal examinations, and oxygen 
saturation in risk stratification of syncope patients and 
had an excellent sensitivity and negative predictive value 
that helped identifying high-risk patients and potentially 
reduced admission rates by 30% (7). 

Brain (or B-type) natriuretic peptide (BNP) is secreted 
in response to an increase in ventricular volume and 
pressure load. BNP is a well-known prognostic marker in 
cardiovascular diseases such as heart failure and myocardial 
infarction (MI) (9). In addition recent studies have validated 
its potential utility at identifying higher risk individuals with 
other cardiac and non-cardiac disease states (10,11). 

The aim of our study was to assess the use of BNP 
value to predict short term (one month) serious outcomes 
for patients presenting to ED with syncope. Our study 
attempted to determine if adding BNP to the standard 
evaluation of syncope in ED will help in risk stratification 
of patients and avoid unnecessary admissions without 
increasing adverse outcomes. 

Methods

This prospective cohort study examined the use of BNP test 
as a predictor of short term serious outcomes in 159 patients 
who presented to ED with syncope between August 2012 
and August 2013 in two tertiary teaching medical centers. 
Syncope was defined as a transient loss of consciousness 
with an inability to maintain postural tone that is followed 
by prompt and complete recovery. All patients were 18 years 
or older, eligible patients were identified in the ED triage 
and assessed for study inclusion by the attending physician. 
The goal of the study was explained to the patients, and 

written consent was obtained from all enrolled patients. 
This study received approval from ethics committee. 

Exclusion criteria included patients under 18 years of 
age, patients who were unable to give consent, the presence 
of persistent neurological deficit suggestive of stroke, 
collapse related to alcohol consumption, hypoglycemia, 
trauma or seizure activity and clinician ordering BNP 
during evaluation. Of 159 patients, 113 were eligible for the 
study inclusion (Figure 1). 

All patients underwent a standardized assessment 
including a full history and physical examination, lying 
and standing blood pressure measurement, 12 leads 
electrocardiogram (ECG), laboratory assessment, and 
review of current medications. BNP was measured using a 
whole blood immunoassay technique utilizing commercial 
assays. Treating physicians were blinded to the result of the 
BNP test and treatment decisions were not affected by the 
BNP value. Patients were admitted, referred for outpatient 
evaluation or discharged according to current ED protocols. 
Patient’s condition was followed; whether in hospital 
through the hospital electronic patient record system, or as 
out-patient by telephone calls 30 days after presentation to 
identify admissions, revisits to ED for the same complaint 
or serious clinical events that might have occurred outside 
the study site. 

The primary endpoint was the combination of serious 
outcomes including all-cause mortality at 30 days after ED 
presentation. Serious outcomes were defined as death, acute 
MI, life threatening arrhythmia (ventricular fibrillation, 
sustained ventricular tachycardia, or asystole), a decision to 
implant a pacemaker/cardiac defibrillator within one month 
of collapse, stroke, and major bleeding requiring blood 
transfusion of >2 units or acute surgical or endoscopic 
intervention. 

Interval data were tested for normality using the 
D’Agostino-Pearson normality test, which demonstrated 
significant deviations from normal distributions. Therefore, 
Mann-Whitney test was used throughout for group-wise 
comparisons of these data. Categorical variables were 
analyzed in 2×2 contingency tables using Fisher’s exact 
test to ascertain P values. Cut-offs were determined by 
receiver operator characteristic curve (ROC) analysis. All 
probabilities were 2-sided and P values <0.05 were 
considered statistically significant.  Baseline characteristics 
required a (P<0.25) difference to be included in a logistic 
regression model to determine adjusted odds ratios (ORs) 
and 95% confidence intervals (95% CI). Only outcomes 
which were significant on a univariate basis were subjected 
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to multivariate analysis. Calculations were made using 
Prism® v.6 software (GraphPad Corp, San Diego, CA, USA) 
and SPSS® v. 18 (IBM Corp. Armonk, NY, USA).

 

Results 

We included 113 patients presenting to ED with syncope 
to ED between August 2012 and August 2013. Patients 
were divided into two groups according to their serum 
BNP level with a cutoff value of 250; 86 patients were in 
the BNP ≤250 group and 27 patients were in the BNP 
>250 group. The baseline characteristics of both arms of 
the cohort are provided in Table 1. There was a statistically 
significantly differences between the two groups in age (75 
vs. 64 years, P=0.05), diastolic blood pressure (P=0.03), heart 
rate (P=0.02) and troponin I (P<0.001). In addition, other 
characteristics met our criteria for evaluation as potential 
confounders (P≤0.25); these were congestive heart failure 
and hemoglobin concentration. 

Out of the 113 patients, a total of 41 patients (36%) 
had serious outcomes within 30 days, 21 of them were in 
the low BNP group and 20 were in the high BNP group. 
When both groups were compared, the high BNP group 
has an 8.844 fold increase risk of serious outcomes (OR 
8.844, 95% CI: 3.281 to 23.8, P<0.001), a 14.8 fold increase 
risk of MI (OR =14.8, 95% CI: 1.57 to 139, P=0.011), 

and a 4.46 fold increase risk life threatening arrhythmia 
(OR =4.46, 95% CI: 1.15–18.8, P=0.034). However, there 
was no statistically significant difference between the two 
groups in the combination of serious outcomes, one month 
mortality, major bleeding, major cardiac procedures or 
stroke as illustrated in Table 2. We evaluated the relative 
risk (RR) of both MI and life threatening arrhythmia as 
a function of BNP at > or ≤250 units. These are shown 
in Table 3, along with the ORs and 95% CI which were 
evaluated before and after adjustment for the confounding 
variables. Patients with BNP >250 has a 14.8 fold increase 
risk of MI (OR =14.8, 95% CI: 1.57 to 139, P=0.011), and 
a 4.46-fold increase risk life threatening arrhythmia (OR 
=4.46, 95% CI: 1.15 to 18.8, P=0.034). The ORs, adjusted 
for the confounding variables mentioned above are shown 
in Figure 2. For MI, the OR, after adjustment were reduced 
substantially; nevertheless, no confounding exposures 
obviated the independence of BNP level as a risk factor. 
In the case of arrhythmia, however, BNP as a risk factor 
appears to be dependent upon history of previous MI (OR 
=3.65; 95% CI: 0.97 to 13.7). 

Comparison between ROSE rule and San Francisco rule in 
predicting outcomes 

San Francisco Syncope Rule and ROSE Rule scores were 

Patients with syncope 

between

 August/2012–August/2013 

N=159

Other serious outcomes 

N=38

Deaths N=3

Unable to consent

Alcohol related

Likely seizure

Age <18

Incomplete records

Lost to follow-up

Other causes

N=113

Exclusion criteria

Inclusion criteria

1 mouth follow up

Figure 1 Schematic illustration of study design and patients’ vital status.
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Table 1 The baseline characteristics of both arms of the cohort

Parameter BNP ≤250 (n=86) BNP >250 (n=27) P value

Age 64 (44–79) 75 (65–85) 0.005

Gender (F/M) 45/41 13/14 0.826

Race 0.136

Black 37 6 0.069

Hispanic 33 13 0.379

White 16 8 0.281

History of MI (±) 16% 40% 0.4

History of HF (±) 12% 22% 0.207

Previous history of syncope (±) 45% 44% 1

Diabetes mellitus 43% 50% 0.508

Hypertension 68% 70% 1

Heart rate 73 (65–84) 78 (74–92) 0.02

Systolic blood pressure 132 (110–149) 134 (104–145) 0.431

Diastolic blood pressure 77 (70–84) 68 (60–81) 0.03

Oxygen saturation 98 (98–100 ) 98 (97–99) 0.214

Hemoglobin 13 (11–14) 12 (11–13) 0.063

troponin I 0.01 (0.01–0.02) 0.03 (0.02–0.11) <0.0001

History of chest pain 12% 18% 0.528

History of palpitation 16% 11% 0.789

BNP, brain natriuretic peptide; MI, myocardial infarction; HF, heart failure.

Table 2 Clinical outcomes 
Outcomes BNP ≤250 (n=86) (%) BNP >250 (n=27) (%) P value

Combination of serious outcomes 21 [24] 20 [74] <0.001

Mortality 1 (1.2) 2 [7] 0.14

Readmission 22 [25] 11 [41] 0.34

Myocardial infarction 1 (1.2) 4 [15] 0.01

Arrhythmia 4 [5] 5 [19] 0.03

Major cardiac procedures 7 [8] 6 [22] 0.07

Major bleeding 4 [5] 3 [11] 0.3

Stroke 4 [5] 0 [0] 0.5

BNP, brain natriuretic peptide.

Table 3 Relative risk (RR) and 95% confidence intervals (95% CI) for BNP >250 units as a risk factor for MI and arrhythmia

Outcome RR; 95% CI OR; 95% CI P value

Combination of serious outcomes 5.07; 2.32–10.84 8.844; 3.28–23.8 <0.001

MI 3.76; 2.13–6.64 14.8; 1.57–139 0.011

Arrhythmia 2.63; 1.31–5.25 4.46; 1.15–18.8 0.034

BNP, brain natriuretic peptide; OR, odds ratio; MI, myocardial infarction.
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calculated for every patient by the study team. However, 
the results were not available for the treating physicians. 

Out of the 113 patients included in the study, 50 patients 
(44%) were considered high risk by ROSE rule compared 
to 59 patients (52%) identified as high risk by San Francisco 
rule. There was a significant association between Rose rule’s 
high risk patients and poor outcomes compared to San 
Francisco rule which didn’t show significant association (OR: 
2.82; CI: 1.29 to 6.18; P<0.01), (OR: 1.24; CI: 0.58 to 2.66; 
P<0.69), respectively.

Discussion 

Syncope represents a difficult diagnostic dilemma for 
physicians. A survey of North American physicians revealed 
that the disposition of patients with syncope was the 
second most common decision problem (12). The direct 
cost of diagnosing and treating syncope is substantial. The 
estimated total annual cost for syncope related admissions 
were $2.5 billion in year 2000 (1).

Delineating the underlying causes of syncope and the 
risk of adverse outcome can be challenging. Most syncope 
causes are benign, but occasionally, it can be associated with 
significant morbidity and mortality. Some patients require 
emergent hospitalization for workup and treatment of life-

threatening or potentially life-threatening causes; others 
need close outpatient follow-up and evaluation, whereas 
some patients need no further evaluation like patients with 
neurally mediated or orthostatic syncope (13). 

For syncope patients in whom the etiology remains 
unclear after the initial ED or ambulatory clinic evaluation, 
the need for hospitalization is less well defined and 
consequently so-called “risk stratification” methods have 
been advocated. EDs commonly advocate the use of 
screening protocols based on current practice guidelines 
in an attempt to ensure early identification of all high-risk 
patients. However, some of the previously used protocols 
were extensive, complicated, and nonspecific, and didn’t 
gain widespread acceptance and were rarely applied in 
general practice. Ideally, screening protocols should be 
simple and reproducible, identify all patients with high risk 
features, and separate those patients who would benefit 
from further workup and possible hospital admission from 
those who are low-risk and do not necessitate further 
resource utilization, testing, and unnecessary medical 
expenditure. Both the San Francisco Syncope Rule and the 
ROSE rule have been proposed as reliable risk stratification 
criteria for patients presenting to the ED with syncope 
with no obvious precipitating cause. The highly sensitive 
San Francisco Syncope Rule was derived by assessing the 
accuracy and reliability of 50 predictor variables used in 
the evaluation of patients with syncope in a multiphase 
prospective cohort study (5,14). It has helped in augmenting 
physician judgment and allowing physicians to rationally 
decide which patients with syncope need admission based 
on their short-term risk. The rule is easily remembered 
by the mnemonic: CHESS (history of Congestive heart 
failure, Hematocrit <30%, abnormal ECG, Shortness of 
breath and, initial Systolic blood pressure <90 mmHg). 
It emphasizes most of the key risk factors that have been 
studied and identified in several retrospective studies and 
current practice guidelines. However, it does not include 
the use of more recent biomarkers such as BNP. Addition 
of these types of biomarkers may add important prognostic 
information, help improve risk stratification of patients, and 
identify patients who may need hospital admission (15). 

BNP is a well-known prognostic marker in cardiovascular 
diseases such as heart failure and MI (9,16). In addition 
recent studies have validated its potential utility in 
identifying higher risk individuals with other cardiac and 
non-cardiac diseases (10,11). Because many of the major 
prognostic factors in syncope are related to cardiac disease, the 
role of biomarkers such as BNP in risk stratification of patients 
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with syncope was studied previously (17). Reed et al. developed 
the ROSE Rule in an attempt to incorporate the use of 
BNP in risk stratification of syncope patients presenting to 
the ED (7,8). The ROSE rule consists of seven variables 
easily remembered by the mnemonic “BBRACES”: (BNP 
>300 pg/mL, Bradycardia <50 BPM, Rectal examination 
showing FOBT +ve, Anemia with Hemoglobin <9, Chest 
pain, EKG showing Q waves and Oxygen Saturation <94%). 
ROSE study was the first study to recommend the use of 
point of care BNP measurements, rectal examinations, and 
oxygen saturation in risk stratification of syncope patients. 
It also had an excellent sensitivity and negative predictive 
value that helped identify high-risk patients and potentially 
reduced admission rates by 30% (7,18). 

Our study attempted to determine if adding BNP to 
the standard evaluation of syncope in ED will help in risk 
stratification of patients and avoid unnecessary admissions 
without increasing adverse outcomes. The primary endpoint 
was the combination of serious outcome including all-cause 
mortality at one month after ED presentation. Our study 
results showed that syncope patients with elevated BNP 
(>250) on presentation had worse outcomes. Specifically, 
they had higher incidence of both MI and life threatening 
arrhythmia within one month after ED presentation. These 
results show that incorporation of the ROSE rule and BNP 
assay can help refine syncope assessment protocols and 
improve patient outcomes. 

The main limitation of our study is the non-randomized 
and observational design. Our study included a small 
number of patients which may have led to selection bias. 
Also, a possible limitation to the use of BNP for syncope 
risk stratification is that it might identify patients who 
are older or who have structural heart disease. A large 
multicenter prospective study is needed to establish the 
utility of BNP as a true prognostic factor in patients with 
syncope.

Conclusions 

Our study results further validates the ROSE rule and the 
utility of BNP in risk stratification of syncope patients. 
This study showed that measuring BNP and adding ROSE 
rule to the standard evaluation of syncope can sufficiently 
predict short term serious outcomes for patients presenting 
to ED with syncope. In addition, it will help identify high-
risk patients and possibly prevent unnecessary admissions 
without increasing adverse outcomes. Larger randomized 
trials are needed to further explore the utility of biomarkers 

in the evaluation of syncope. 
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