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Key questions

What is already known about this subject?
 ► Patients in the emergency department with poten-
tial acute coronary syndrome are often admitted to 
the hospital to receive provocative cardiac stress 
testing.

 ► In the case of exercise echocardiography testing, 
imaging is used to identify abnormal wall motion 
abnormalities after stress.

 ► It is known that N-terminal pro-B type natriuretic 
peptide (NT-proBNP) is also released with acute 
ventricular wall stress.

What does this study add?
 ► We examined whether NT-proBNP elevates acutely 
when patients have an abnormal exercise echocar-
diography test by comparing the change in plas-
ma levels of NT-proBNP in patients with abnormal 
stress tests with patients with non-ischaemic stress 
test results.

 ► We found that stress-delta NT-proBNP had modest 
areas under the receiver operating curves for pre-
dicting ischaemia on stress test imaging.

How might this impact on clinical practice?
 ► If further validated, our work suggests a potential 
role for stress-delta NT-proBNP for identifying in-
ducible myocardial ischaemia in patients presenting 
with acute coronary syndrome symptoms.

AbstrAct
Objective Stress testing is commonly performed in 
emergency department (ED) patients with suspected acute 
coronary syndrome (ACS). We hypothesised that changes 
in N-terminal pro-B type natriuretic peptide (NT-proBNP) 
concentrations from baseline to post-stress testing 
(stress-delta values) differentiate patients with ischaemic 
stress tests from controls.
Methods We prospectively enrolled 320 adult patients 
with suspected ACS in an ED-based observation unit who 
were undergoing exercise stress echocardiography. We 
measured plasma NT-proBNP concentrations at baseline 
and at 2 and 4  hours post-stress and compared stress-
delta NT-proBNP between patients with abnormal stress 
tests versus controls using non-parametric statistics 
(Wilcoxon test) due to skew. We calculated the diagnostic 
test characteristics of stress-delta NT-proBNP for 
myocardial ischaemia on imaging.
Results Among 320 participants, the median age was 
51 (IQR 44–59) years, 147 (45.9%) were men, and 122 
(38.1%) were African–American. Twenty-six (8.1%) had 
myocardial ischaemia. Static and stress-deltas NT-proBNP 
differed at all time points between groups. The median 
stress-deltas at 2  hours were 10.4 (IQR 6.0–51.7) ng/L vs 
1.7 (IQR −0.4 to 8.7) ng/L, and at 4  hours were 14.8 (IQR 
5.0–22.3) ng/L vs 1.0 (−2.0 to 10.3) ng/L for patients with 
ischaemia versus those without. Areas under the receiver 
operating curves were 0.716 and 0.719 for 2-hour and 
4-hour stress-deltas, respectively. After adjusting for 
baseline NT-proBNP levels, the 4-hour stress-delta NT-
proBNP remained significantly different between the 
groups (p=0.009).
Conclusion Among patients with ischaemic stress tests, 
static and 4-hour stress-delta NT-proBNP values were 
significantly higher. Further study is needed to determine 
if stress-delta NT-proBNP is a useful adjunct to stress 
testing.

IntROduCtIOn
Background
Accurate diagnosis and management 
of patients with suspected acute coro-
nary syndromes (ACS) has been a vexing 
problem for decades.1–5 Patients can be 
rapidly assessed for myocardial infarction 
(MI) by cardiac troponin assays.6–9 However, 

even in the era of high-sensitivity troponin 
assays, patients frequently require inpatient 
admission or observation for further risk 
stratification, including stress testing.10–14 
However, stress tests require specialty 
expertise and equipment15 16 that are not 
routinely available in the emergency depart-
ment (ED). Multiple factors, including 
medicolegal risk aversion17 18 and supply-in-
duced demand,19 20 have led to widespread, 
low-yield use of stress testing.21 A new para-
digm is needed for risk stratification of 
patients with suspected ACS in whom MI 
has been excluded.
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Importance
Prior research suggests that myocardial ischaemia 
induced by stress testing is associated with dynamic 
increases (stress-deltas) in N-terminal pro-B type natriu-
retic peptide (NT-proBNP) concentrations.22–29 These 
studies only included outpatients with symptoms of 
stable angina. In this investigation, we test a novel means 
for assessing ED patients with potential ACS: a biomark-
er-based stress test. A stress test that uses biomarkers 
(as opposed to imaging) to assess ischaemia could have 
several possible benefits for ED patients with ACS symp-
toms and could improve the current paradigm.

Goals of this investigation
We hypothesised that ED patients undergoing stress 
testing with myocardial ischaemia would demon-
strate higher increases in NT-proBNP (stress-delta 
NT-proBNP) than patients without myocardial 
ischaemia. We calculated the diagnostic test charac-
teristics for the index test of stress-delta NT-proBNP 
compared with a reference standard of standard stress 
test imaging. For exploratory analyses, we evaluated 
whether patients who subsequently suffered adverse 
cardiac events, such as MI, urgent percutaneous coro-
nary intervention (PCI) or coronary artery bypass 
grafting, would similarly demonstrate significantly 
higher stress-delta NT-proBNP.

MetHOds
study design and setting
We conducted an a priori planned observational cohort 
substudy of a prospectively collected biorepository 
compiled at an urban academic medical centre ED with 
an approximate yearly census of 75 000 visits. All patients 
provided informed consent prior to participating. We 
have previously described the methods for this biorepos-
itory,30 but we briefly review it here and follow previously 
suggested reporting guidelines.31

selection of participants
From November 2012 to September 2014, we recruited 
patients from our ED-based observation unit daily on 
weekdays and intermittently on weekends when staffing 
was available. During this time, we saw an estimated 5000 
patients with undifferentiated chest pain per year in our 
ED and patients are placed in the ED-based observa-
tion unit based on treating physician gestalt with some 
exclusion criteria as previously described.3 32 33 In short, 
patients cannot be placed in the observation unit (and 
were therefore excluded from our study) if they have 
significant arrhythmias, unstable vital signs, aortic aneu-
rysm or dissection, active myocarditis or pericarditis, 
acute or decompensated heart failure, or severe aortic 
stenosis. Likewise, patients had to have non-diagnostic 
results from serial ECGs and three cardiac troponin 
assays (Roche Elecsys fourth-generation troponin T) 
over 8 hours below our institutional cut-off (<0.1 ng/

mL, 10% coefficient of variation (CV) level ≤0.03 ng/
mL). Advanced practice providers provided care in our 
observation unit, but final decisions about eligibility for 
the unit rested with the attending emergency physician 
caring for the patient in the ED. Approximately 65% of 
patients in our observation unit for ACS have stress echo-
cardiograms as part of their work-up as opposed to other 
modalities (myocardial perfusion imaging or cardiac 
MRI).

Eligible patients for the biorepository had the following 
characteristics: (1) over the age of 30 years, (2) placed in 
our observation unit for symptoms suggestive of ACS and 
(3) scheduled to have exercise stress echocardiography 
as part of usual care.

Interventions
As part of usual care, patients underwent stress echocar-
diogram that included symptom-limited treadmill exer-
cise using the Bruce Protocol followed by standard echo-
cardiogram. Stress echocardiograms were interpreted 
by board-certified cardiologists who were blinded to the 
results of study-specific NT-proBNP results and overall 
study hypothesis. The reports generated by these usual-
care studies were used for our outcome. Two reviewers 
(including ATL) further reviewed these reports to 
confirm abnormal studies and to adjudicate indeter-
minate results. A third reviewer (LKN), a board-certi-
fied cardiologist, adjudicated the remaining indeter-
minate reports. All reviews were conducted blinded to 
NT-proBNP results.

We obtained serum samples from a peripheral vein 
before stress testing and 2 hours after stress testing using 
existing intravenous catheters when possible. Whenever 
possible, we obtained a 4-hour post-stress blood sample 
but did not exclude patients if this sample could not be 
obtained.

We centrifuged blood within 1 hour of collection for 
plasma, which was aliquoted into 0.4 mL samples and 
frozen at −80°C within 8 hours of collection. A core labo-
ratory at the University of Maryland determined plasma 
concentrations of NT-proBNP using an assay from Roche 
Diagnostics (Indianapolis, Indiana). The limit of detec-
tion for this assay is 5.0 ng/L, the 97.5th percentile cut-off 
has been established as 115 ng/L, and the manufactur-
er-recommended cut-off for clinical use is 125 ng/L. At 
a level of 125 ng/L, the CV for the system is 2.7%. We 
blinded the core laboratory to all clinical data, including 
the outcomes of stress testing and subsequent cardiac 
events. Likewise, all clinical staff caring for patients were 
blinded to the research NT-proBNP results.

Measurements
In our repository, we collected demographics, patient 
history including cardiac risk factors and comorbidities, 
and usual care laboratory and radiography testing results. 
Clinical data were collected from patients via standard-
ised data collection form and confirmed with medical 
providers. We prospectively contacted participants at 
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90 days from enrolment to ascertain the occurrence of 
any adverse events. We also recorded the results of any 
relevant tests and other events occurring during the 
patient’s index visit and for 1 year afterwards via medical 
records review. We specifically recorded the occurrence 
of any subsequent MI (International Classification of 
Diseases-9 code or medical record evidence), abnormal 
stress testing, significant coronary disease by angiography 
(lesions >50% in a major epicardial coronary artery), PCI 
or coronary artery bypass graft surgery (CABG), or death 
(cardiovascular and all-cause) within 90 days and 1 year 
from enrolment. At enrolment, we obtained consent to 
review outside hospital records to confirm any events that 
occurred outside of our health system. Any discrepancies 
or ambiguity of follow-up outcome were adjudicated by 
the lead author. We entered study data into a REDCap 
(Research Electronic Data Capture)34 data repository 
hosted at Duke University.

Outcomes
For this a priori planned substudy of the parent biore-
pository, we compared stress-delta NT-proBNP concen-
trations between patients with inducible myocardial 
ischaemia (wall motion abnormality in at least one 
segment with stress that was not present at rest) on their 
stress tests versus those without. We calculated the diag-
nostic test characteristics—sensitivity, specificity and 
area under the receiver operating curve (AUC)—for the 
index test of 2-hour and 4-hour stress-delta NT-proBNP 
values compared with a reference standard of stress echo-
cardiography imaging results.

In an exploratory analysis, we also compared stress-
delta NT-proBNP results between patients who had a 
composite adverse cardiac event outcome at 90 days 
from index visit and those who did not. We included any 
patient who had any revascularisation procedure (PCI or 
CABG), MI or death within 90 days of the index visit. We 
also extended the follow-up period to 1 year.

To assess the sensitivity of stress-delta NT-proBNP for 
myocardial ischaemia on stress testing, our targeted 
sample size of 333 patients would provide a 95% CI range 
of approximately ±15%, assuming a true sensitivity of 
85%.35 For 85% power to detect a difference between 
groups with alpha <0.05, we needed 25 patients with 
myocardial ischaemia. Based on prior studies in this 
observation unit, we anticipated being able to find at 
least an 8% prevalence of ischaemia on stress tests being 
performed in our unit.32

Analysis
Absolute and relative intraindividual changes in 
NT-proBNP concentrations across time points (stress-
delta values) were calculated for each patient. In order to 
calculate these values, we used a value of 0 ng/L for any 
NT-proBNP assay that was below the limit of detection 
for this assay (5 ng/L). We used the Wilcoxon rank-sum 
test to compare the distribution of individual stress-delta 
values between patients with ischaemia on stress testing 

versus those without. Additionally, 2-hour and 4-hour 
stress-delta NT-proBNP values were analysed using anal-
ysis of variance models to adjust for differences in baseline 
values between groups; in these models, all NT-proBNP 
values were log-transformed due to skew. The receiver 
operating characteristic (ROC) curves were plotted and 
the AUC calculated, with calculation of optimal cut-off 
for maximal sensitivity and specificity. We did not adjust 
for multiple comparisons. A two-sided p value of <0.05 
was considered statistically significant. All analyses were 
conducted using SAS V.9.4 statistical software.

Results
Characteristics of study subjects
We approached 413 eligible patients and ultimately 
enrolled 320 patients. Patients who were approached but 
did not enrol fell into one of the following non-exclu-
sive categories: 30 patients declined or otherwise could 
not provide informed consent, 43 patients were unable 
to provide adequate blood samples or accurate lab assays, 
and 35 patients had their stress test changed to a non-ex-
ercise modality after consent. Four-hour post-stress 
samples were available for 173 patients.

Table 1 shows the demographic and clinical charac-
teristics of enrolled patients. The prevalence of known 
coronary artery disease and of coronary artery disease 
risk factors was low.

For the primary comparison, we further excluded two 
patients who had indeterminate stress test results in the 
opinion of our three reviewers’ adjudication. Our review 
of stress test reports resulted in only one disagreement 
between two reviewers out of 292 stress test reports 
reviewed—a case initially reported as ischaemia that the 
second reviewer found to be artefact. In total, 26 patients 
had myocardial ischaemia on stress echocardiographic 
testing. In follow-up, we were able to contact 241 (75.3%) 
by phone at 90 days and conduct medical record review 
on all patients at 1 year. Within 1 year, 48 patients had had 
some form of coronary artery imaging, with 16 patients 
demonstrating at least one artery with >50% stenosis. 
Ultimately, nine patients had any composite outcome 
within 90 days and 11 patients had any within 1 year. Each 
individual patient’s downstream outcomes are shown in 
online supplementary table 1.

Main results
Table 2 shows the median (25th and 75th percentiles) 
NT-proBNP concentrations at each time point, along 
with the median patient-level absolute and relative 
changes in NT-proBNP concentrations (stress-delta). The 
median absolute stress-deltas at 2 hours were 10.4 (IQR 
6.0–51.7) vs 1.7 (IQR −0.4 to 8.7) ng/L and at 4 hours 
were 14.8 (IQR 5.0–22.3) ng/L vs 1.0 (−2.0 to 10.3) ng/L 
for patients with ischaemia on stress testing versus those 
without. Patients with abnormal stress tests had signifi-
cantly higher NT-proBNP concentrations at baseline and 
at all subsequent time points (all p<0.05). Figures 1 and 2 

https://dx.doi.org/10.1136/openhrt-2018-000847
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Table 1 Patient demographics and clinical characteristics

Characteristics
All patients
(N=320) (%)

Positive for ischaemia
(n=26*) (%)

Negative for ischaemia
(n=292) (%)

Age (years), median (25th, 75th) 51.0 (44.0, 59.5) 56.0 (49.0, 63.0) 50.0 (43.0, 59.0)

Sex 

  Male 147 (45.9) 12 (46.2) 133 (45.5)

  Female 173 (54.1) 14 (53.8) 159 (54.5)

Race/Ethnicity 

  Hispanic or Latino 15 (4.7) 1 (3.8) 14 (4.8)

  Asian 4 (1.3) 0 (0) 4 (1.4)

  Black or African–American 122 (38.1) 10 (38.5) 111 (38.0)

  White/Caucasian 188 (58.8) 16 (61.5) 171 (58.6)

  Other 6 (1.9) 0 6 (2.1)

Hypertension 155 (48.4) 18 (69.2) 136 (46.6)

Diabetes 59 (18.4) 5 (19.2) 54 (18.5)

History of tobacco use 118 (36.9) 11 (44.0) 106 (37.2)

Hyperlipidaemia 105 (32.8) 16 (61.5) 89 (30.5)

Cocaine use 21 (6.6) 2 (8.0) 19 (6.6)

Renal disease/insufficiency 5 (1.5) 2 (7.7) 3 (1.0)

Past myocardial infarction 7 (2.2) 5 (19.2) 2 (0.7)

Coronary artery disease 16 (5.0) 7 (26.9) 9 (3.1)

History of coronary intervention 10 (3.2) 3 (11.5) 7 (2.4)

Congestive heart failure 5 (1.6) 1 (3.8) 4 (1.4)

Chief complaint: chest pain 290 (90.6) 24 (92.3) 264 (90.4)

Peak pain score (median) 7 7 6.9

Duration of symptoms (median, min) 2 1 2

Pain description 

  Was your pain worse if you walk 
quickly, climb stairs or exert 
yourself?

66 (20.6) 3 (11.5) 63 (21.6)

  Was your pain worse if you take a 
deep breath or cough?

75 (23.4) 6 (23.1) 69 (23.6)

  Was your pain worse if you 
pressed on the chest wall?

48 (15) 3 (11.5) 45 (15.4)

Associated symptoms? 

  Nausea or vomiting 107 (33.4) 10 (38.5) 97 (33.2)

  Dyspnoea 136 (42.5) 12 (46.2) 123 (42.1)

  Diaphoresis 89 (27.8) 11 (42.3) 77 (26.4)

  Syncope 55 (17.2) 1 (3.8) 54 (18.5)

*2 patients with indeterminate stress tests excluded.

show spaghetti plots with boxplots of NT-proBNP concen-
trations at baseline and at 2-hour and 4-hour post-stress 
comparing patients who had ischaemia on stress testing 
versus those without.

In unadjusted analyses, relative and absolute stress-
delta NT-proBNP significantly differed according to the 
presence or absence of ischaemia on stress testing at 
both 2-hour and 4-hour time points. After log transfor-
mation of NT-proBNP values and adjusting for baseline 

concentrations, 2-hour stress-delta NT-proBNP concen-
trations were not significantly different between patients 
with ischaemic versus normal stress tests (p=0.07), but 
the 4-hour stress-delta NT-proBNP concentrations were 
significantly different (p=0.0085).

Figure 3 shows the ROC curves of 2-hour and 4-hour 
stress-delta NT-proBNP for predicting myocardial isch-
aemia on stress testing. It demonstrates that 2-hour and 
4-hour stress-delta NT-proBNP had modest predictive 
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Table 2 Patients with ischaemic cardiac stress tests had higher NT-proBNP levels at all time points, as well as higher 
absolute and relative stress-delta values

Characteristics
Positive for ischaemia
(n=26)

Negative for 
ischaemia
(n=292)

All patients
(N=318*) P values

Baseline NT-proBNP <0.001

  n 26 292 318

  Median (25th, 75th) 93.3 (31.1, 291.2) 31.7 (9.8, 71.0) 34.3 (10.7, 78.4)

  Min, max 0.0, 788.0 0.0, 2343 0.0, 2343

2-Hour post-stress NT-proBNP† <0.001

  n 25 289 314

  Median (25th, 75th) 120.5 (38.8, 360.8) 38.9 (10.3, 81.6) 40.0 (11.3, 88.3)

  Min, max 0.0, 865.8 0.0, 1800 0.0, 1800

Absolute 2-hour stress-delta NT-proBNP <0.001

  n 25 289 314

  Median (25th, 75th) 10.4 (6.0, 51.7) 1.7 (−0.4, 8.7) 2.1 (−0.3, 9.5)

  Min, max −152, 174.3 −543, 108.0 −543, 174.3

Percentage 2-hour stress-delta NT-proBNP‡ 0.05

  n 23 240 263

  Median (25th, 75th) 15.7 (10.1, 31.1) 7.9 (−4.6, 25.1) 9.3 (−4.1, 25.5)

  Min, max −45.9, 75.8 −100, 189.0 −100, 189.0

4-Hour post-stress NT-proBNP 0.009

  n 16 155 171

  Median (25th, 75th) 78.2 (38.2, 244.5) 35.5 (13.3, 81.4) 39.3 (14.8, 87.3)

  Min, max 10.9, 649.2 0.0, 1757 0.0, 1757

Absolute 4-hour stress-delta NT-proBNP 0.004

  n 16 155 171

  Median (25th, 75th) 14.8 (5.0, 22.3) 1.0 (−2.0, 10.3) 1.8 (−1.3, 12.4)

  Min, max −36.9, 253.2 −586, 64.5 −586, 253.2

Percentage 4-hour stress-delta NT-proBNP 0.05

  n 15 135 150

  Median (25th, 75th) 26.9 (6.4, 63.9) 6.3 (−8.2, 30.5) 8.2 (−7.3, 39.1)

  Min, max −17.1, 109.5 −100, 285.5 −100, 285.5

*2 patients with indeterminate stress tests excluded.
†Four patients had baseline and 4-hour samples drawn, but no 2-hour samples.
‡Unable to calculate percentage delta in patients with undetectable baseline values.
NT-proBNP, N-terminal pro-B type natriuretic peptide.

value of ischaemia with an AUC of 0.716 and 0.719, 
respectively. The diagnostic test characteristics of 2-hour 
and 4-hour stress-delta NT-proBNP for predicting myocar-
dial ischaemia on stress test imaging are shown in table 3. 
Stress-delta NT-proBNP has modest sensitivity and spec-
ificity, high negative predictive value but poor positive 
predictive value.

In exploratory analyses we found nine patients with a 
90-day composite outcome, and the median NT-proBNP 
values were non-significantly higher at all static time 
points, and only the absolute 2-hour stress-delta compar-
ison was significantly different (online supplementary 
table 2). Similarly, none of the NT-proBNP concentrations 

were significantly different for the 11 patients with a 
1-year composite outcome compared with those without 
such outcome (online supplementary table 3).

dIsCussIOn
The optimal assessment of suspected ACS remains contro-
versial despite decades of research. The current standard 
of care uses stress testing,8 36–38 in which the patient who 
has ruled out for MI undergoes a protocolised stressor 
and is assessed via imaging modalities such as echocar-
diography. The current paradigm remains inefficient, 
and many question the utility of routine stress testing in 

https://dx.doi.org/10.1136/openhrt-2018-000847
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Figure 1 Spaghetti plot of individual patient N-terminal pro-B type natriuretic peptide (NT-proBNP) concentrations for 
patients with ischaemic stress test results. Median, 25th and 75th percentiles are noted by boxes and whiskers extend to 1.5x 
interquartile range..

Figure 2 Spaghetti plot of individual patient N-terminal pro-B type natriuretic peptide (NT-proBNP) concentrations for patients 
with normal or indeterminate stress test results. Median, 25th and 75th percentiles are noted by boxes and whiskers extend 
to 1.5x interquartile range. . Scale is truncated in order to match figure 1 and due to two extreme outlier patients who are 
excluded from the graph but not from our analysis.

ED patients with symptoms of ACS.21 39–42 Based on the 
event rate in the reported literature (eg, <1% in Sandhu 
et al42), it appears that stress testing is currently overused. 
However, there remains concern for adverse cardiac 
outcomes following serial cardiac troponin testing, even 
with high-sensitivity assays.7 30

In this context, we sought to determine whether a 
biomarker-based stress test could improve the current 
paradigm. Currently, biomarkers are only serially 
measured in resting patients as a test for MI, heart failure 
or as a predictor of cardiac complications following 
major non-cardiac surgery.43 44 Measuring dynamic 
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Figure 3 ROC curve of 2-hour (A) and 4-hour (B) stress-delta NT-proBNP. Two-hour stress-delta NT-proBNP shows modest 
predictive ability of ischaemia on stress test imaging with an AUC of 0.7162. Four-hour stress-delta shows an AUC of 0.7185. 
AUC, area under the curve; NT-proBNP, N-terminal pro-B type natriuretic peptide; ROC, receiver operating characteristic.
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Table 3 Diagnostic test characteristics of stress-delta NT-
proBNP for myocardial ischaemia on stress echocardiogram 
imaging

Sensitivity 
(%)

Specificity 
(%) LR+ LR−

2-Hour stress-delta 
NT-proBNP (cut-off 
6 ng/L)

76 68 2.38 0.35

4-Hour stress-delta 
NT-proBNP (cut-off 
5.9 ng/L)

75 67 2.27 0.37

LR+, positive likelihood ratio;LR−, negative likelihood ratio;NT-
proBNP, N-terminal pro-B type natriuretic peptide.

changes in biomarker levels during stress testing is a 
novel application of cardiac biomarkers in ED patients. 
If a biomarker-based stress test could be developed, it 
would have several advantages. Since laboratory testing 
is routinely available 24 hours a day to ED patients, a 
biomarker stress test could serve as a triage test in the 
ED to determine which patients need further work-up. 
If it could provide equivalent predictive value, it might 
represent a cost-effective and time-effective alternative 
to standard stress testing that does not require special 
equipment nor specialists to obtain or interpret the 
images. Based on prior literature,45 46 it would appear 
that using two serial NT-proBNP tests compared with an 
echocardiogram would be approximately 30% the cost 
of using echocardiography with stress testing. However, 
for biomarkers to replace the use of stress echocardiog-
raphy, considerably higher sensitivities than our current 
results would likely be needed. Alternatively, it could be 
used as an adjunct to aid in disposition of patients with 
indeterminate results on standard stress tests.

In this study, we assessed the feasibility of a biomark-
er-based stress test using NT-proBNP. We found that 
NT-proBNP concentrations differed significantly 
according to patients’ stress test imaging results. Our 
study is one of the largest to examine this biomark-
er-based stress test concept with NT-proBNP. Prior 
authors found that patients with ischaemia had a differ-
ential stress-delta response,22 25–29 while others did 
not.23 24 Our patient sample of recently symptomatic ED 
patients makes our study unique. Obtaining a baseline 
measurement of NT-proBNP just prior to stress testing 
limits any potential impact that the patients’ recent 
symptoms may have had on results.

NT-proBNP is the prohormone of BNP released first 
in the bloodstream and has a shorter half-life, which 
could potentially lead to differences in results between 
these two markers. However, others have studied BNP 
in this paradigm and found a similar range of response 
in patients with inducible ischaemia.47–54

Prior studies used the stress test imaging compo-
nent as their gold standard for outcome. We built on 
these by considering a broader range of downstream 
outcomes, although these occurred infrequently in 

our population. Our study did not find significantly 
different stress-delta results in this comparison, a 
finding that we attribute to underpowered analyses.

We also found that baseline NT-proBNP levels were 
significantly higher among patients who ultimately had 
myocardial ischaemia. This was not our primary intent 
in this study so these findings should be considered 
preliminary. However, NT-proBNP has long been noted 
to have high independent prognostic capability as a 
traditional ACS biomarker.55–57 Although professional 
society guidelines acknowledge their potential use for 
ED risk stratification of ACS,58 they have not entered 
into common use for this purpose. These findings 
suggest a potential role for NT-proBNP in ED ACS risk 
stratification that should be further explored.

study limitations
Our study has some important limitations. It was 
performed at a single institution and in a population that 
had been selected for relatively low risk for ACS. During 
this time, our unit did not have objective criteria for entry 
in the ACS pathway. However, it has been shown that clini-
cian gestalt can effectively risk-stratify patients to lower 
risk groups,59 and our unit’s prevalence of ischaemia is 
similar to that described in other settings.60 Furthermore, 
during the time of this study, high-sensitivity troponin 
assays were not available in our setting. The introduction 
of these assays will likely alter the prevalence of disease 
in the population being referred for observation unit 
care in the future. Although we attempted to approach 
consecutive patients, we did not have the ability to reach 
all patients on weekends.

This was an observational study that is subject to ascer-
tainment bias of downstream outcomes, although all 
patients had the reference standard test as an inclusion 
criterion. Furthermore, a small sample size with a low 
event rate led to underpowered analyses of downstream 
composite outcomes. We did not control for multiple 
other baseline risk factors other than NT-proBNP to 
avoid overfitting our small number of patients with isch-
aemia. We did use an admittedly surrogate outcome for 
patient-oriented adverse events; however, we felt that for 
this low-risk cohort, the stress test result is the key data 
point that determines further testing and thus a valid 
outcome. In the future, cardiac MRI or angiography 
could be considered as diagnostic standard, but this 
would require significant resources to conduct in a study 
and has less practical relevance for most ED practices. 
Nonetheless, our findings warrant further study in larger 
samples with higher risk of ACS. Although we conducted 
multiple comparisons between groups, the consistency 
of results at multiple time points and between static and 
stress-delta comparisons is compelling.

We were not able to obtain 4-hour post-stress samples 
on all patients in our biorepository. In almost all cases, 
this was because the patient had been discharged from 
the ED within 4 hours of completion of their stress test. 
Despite the smaller sample size for this comparison, we 
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still noted results that were directionally the same as our 
2-hour analyses and that were statistically significant in 
our adjusted analyses. It remains to be seen whether our 
proposed paradigm of biomarker-based stress testing 
would be clinically acceptable to clinicians and patients. 
Furthermore, a complete financial analysis of a biomark-
er-based stress test strategy is beyond the scope of this 
paper.

In conclusion, patients with ischaemia on stress testing 
demonstrated higher concentrations of NT-proBNP at 
baseline and all subsequent post-stress time points.

Relative and absolute stress-delta NT-proBNP differed 
significantly based on stress test imaging results at the 
2-hour and 4-hour time points, although when adjusted 
for baseline NT-proBNP only the 4-hour time point 
remained significant. These findings warrant further 
study of this biomarker stress test paradigm in a larger 
number of patients.
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