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Overview of the thesis

B-type natriuretic peptide (BNP) and its prohormone N-terminal proBNP (Nt-proBNP) are
elevated following acute coronary syndrome (ACS), as BNP is secreted from both infarcted and
non-infarcted myocytes. These neuroendocrine hormones are powerful prognostic indicators;
however, no optimal time to test is established. B-type natriuretic peptides measured in
patients with acute coronary syndrome at presentation, weeks, or several months post
myocardial infarction shows correlation with mortality and new onset congestive cardiac
failure. There are very few studies conducted in Africa regarding b-type natriuretic peptides
and prognosis following ACS. In a study of 200 patients with ACS in South Africa, Nt-proBNP was
found to be a better prognostic indicator compared to Troponin T, in patients with ST-segment
elevation myocardial infarction (STEMI) and non-ST-segment elevation myocardial infarction
NSTEMI. This effect was observed for both inpatient outcomes as well as up to 6 months follow
up period.

As cardiovascular disease is a leading cause of non-communicable disease burden in sub-Saharan
Africa with the incidence of ischaemic heart disease rising, it is important to find ways to risk
stratify our patients in resource constraint environments in order to improve patient outcomes.
Currently, more than 50% of global deaths from ischaemic heart disease occur in low-middle
income countries, which are less developed and have lower levels of education. This further
reiterates the need for us to develop risk stratification tools in order to choose the patients at
highest risk of poor outcomes, to receive scarce treatment resources as a matter of priority.

This single-centre retrospective observational study analysed a database of all patients admitted
to a South African Regional hospital’s coronary care unit with a confirmed diagnosis of Acute
Myocardial Infarction (AMI) between 2002 and 2016. A total of 1814 patients were eligible for
inclusion with both an admission and a discharge Nt-proBNP measurement. The association of
elevated Nt-proBNP levels to death or any of the preselected major adverse cardiovascular
events was analyzed.

We concluded that Admission Nt-proBNP measurement is a more significant predictor of
mortality and Major Adverse Cardiovascular Events (MACE) following myocardial infarction
during hospital stay and up to 30-day follow-up.
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Part 1: The Review of Literature

Brain natriuretic peptide (BNP) was first isolated from the brains of pigs in 1988(1, 2).
Human BNP was later isolated from the human atrium in 1990 and its 32-amino acid
sequence determined (3). The human BNP gene, located on chromosome 1, encodes
the 108 amino acid prohormone, pro-BNP. In circulation, the biologically active BNP is
separated from the N-terminal portion of the prohormone, called N-terminal proBNP (Nt-
proBNP) by the proteolytic enzyme Furin (1, 4). Radioimmunoassay testing specific for
human BNP was developed in Kyoto, Japan (5) and allowed for plasma BNP
measurement in 11 normal subjects as well as 41 patients with congestive heart failure.
BNP was found to be markedly increased in patients with congestive heart failure, in
proportion to the severity of disease (1, 3).

Localization of the secretion of BNP involved comparing the concentration of BNP and
Atrial Natriuretic Peptide (ANP) from blood collected at different sites both centrally and
peripherally in patients with, and patients without evidence of heart failure. Yasue et al(6)
demonstrated that BNP and ANP levels are increased in patients with heart failure
compared with normal cardiac function regardless of the site of blood sample collection.
They also demonstrated that BNP is secreted mainly from the left ventricle, and that BNP
is secreted increasingly from the left ventricle as left ventricular function deteriorates.
Finally, their study demonstrated that plasma levels of BNP at peripheral veins reflected
the amount of hormone secreted from the left ventricle, therefore plasma levels are able
to be used as markers of left ventricular dysfunction (6).

The release of BNP is triggered by increased cardiac chamber wall stress, this trigger
leads to upregulation of ventricular production of BNP. Intact cardiac myocytes, whether
ischaemic or non-ischaemic, are the major source of BNP secreted into the circulation.
Following myocardial infarction there is a biphasic release of BNP, an initial peak at up to
16 hours after presentation as well as a second peak in 5 days (4, 7, 8). Binding of BNP
to the natriuretic peptide receptor type A, causes increased intracellular cyclic guanosine
monophosphate (cGMP) production. This gives rise to the biological effects of BNP,
which include diuresis, natriuresis, vasodilation, inhibition of Renin and Aldosterone
production, as well as cardiac and vascular myocyte growth. The main clearance
mechanism of (Nt-pro) BNP is via renal excretion, but it is also cleared from plasma by
binding to natriuretic peptide receptors as well as by proteolysis by peptidases (8-10).



Several studies have shown the clinical utility of BNP and Nt-proBNP measurement in the
diagnosis and management of heart failure (11-17), proving that natriuretic peptides
provide for rapid ruling out of heart failure in different clinical environments. These two
natriuretic peptides are comparable to each other, albeit with different laboratory cut-off
values (17-19). Furthermore, both BNP and Nt-proBNP are of prognostic value in patients
with chronic heart failure. Elevated blood concentration levels of these natriuretic
peptides, whether tested on admission, at discharge or in follow up, are associated with
increased risk of death or adverse cardiovascular events (13, 20-22).

BNP and Nt-proBNP are markedly increased following myocardial infarction (23-30) with
the performance of BNP being comparable to that of Nt-proBNP (31,32). These
biomarkers are able to identify patients at highest risk of subsequent death throughout
the full spectrum of acute coronary syndromes (ACS) (33, 34) to the extent of predicting
severity of coronary lesions (35, 36). Torbjorn Omland et al demonstrated Nt-proBNP
concentration to differ according to final diagnosis, with highest concentrations in patients
with ST-segment elevation Myocardial Infarction (STEMI) and lowest in patients with
Unstable Angina (37).

Morita et al demonstrated a biphasic pattern in BNP secretion following myocardial
infarction. Patients with a biphasic pattern tended to have more incidence of anterior
infarction, congestive heart failure, higher level of maximal creatine kinase-MB
isoenzyme, as well as lower left ventricular ejection fraction compared to the monophasic
group(24). All patients in this study were able to be classified as either monophasic or
biphasic BNP response. Talwar et al sought to determine the optimal timing of Nt-proBNP
measurement by performing serial Nt-proBNP testing in patients with acute MI. This study
demonstrated the biphasic pattern of NT=-proBNP secretion in patients with anterior Ml
only (38).

BNP is not only an excellent marker for predicting mortality following myocardial
ischaemia, but also correlates well with LV dysfunction, with low BNP levels after Ml
predicting LVEF greater than 40% and higher BNP levels predicting higher likelihood of
LVEF <40% (25, 31).

There is no consensus as to the optimal time to measure BNP or Nt-proBNP following
acute coronary syndromes. B-type natriuretic peptides measured in patients with acute
coronary syndrome at presentation, weeks, or several months post myocardial infarction
shows correlation with mortality and new onset congestive cardiac failure (24, 39-41).

There are very few studies conducted in Africa regarding b-type natriuretic peptides and
prognosis following ACS. In a study of 200 patients with ACS in South Africa, Nt-proBNP
was found to be a better prognostic indicator compared to Troponin T, in patients with
STEMI and NSTEMI. This effect was observed for both inpatient outcomes as well as up
to 6 months follow up period (42).

As cardiovascular disease is a leading cause of non-communicable disease burden in
sub-Saharan Africa with incidence of ischaemic heart disease rising, it is important to find
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ways to risk stratify our patients in resource constraint environments in order to improve
patient outcomes (43). Currently, more than 50% of global deaths from ischaemic heart
disease occur in low-middle income countries, which are less developed and have lower
levels of education (44, 45).

This further reiterates the need for us to develop risk stratification tools in order to choose

the patients at highest risk of poor outcomes, to receive scarce treatment resources as a
matter of priority.
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ABSTRACT

Objective: B-type natriuretic peptide (BNP) and its prohormone N-terminal proBNP (Nt-proBNP) are elevated
following myocardial infarction, as BNP is secreted from both infarcted and non-infarcted myocytes. These
neuroendocrine hormones are powerful prognostic indicators, however, no optimal time to test is established. This
study investigated the prognostic significance of admission compared to discharge Nt-proBNP for predicting major
adverse cardiovascular events (MACE) or mortality within a 30-day period following acute myocardial infarction
(AMI).

Methods: This single-centre study analysed a database of all patients admitted to a South African Regional hospital’s
coronary care unit with a confirmed diagnosis of Acute Myocardial Infarction (AMI) between 2002 and 2016. A total
of 1814 patients were eligible for inclusion with both an admission and a discharge Nt-proBNP measurement. The
association of elevated Nt-proBNP levels to death or any of the preselected MACE was analyzed.

Results: The study population comprised 1814 patients with a mean age of 57.4 (+11.1) years, the majority of whom
were males (66.4%). The predominant diagnosis in the study population was ST segment Elevation Myocardial
Infarction (77.2%) and most common site of infarction, the anterior territory (67.4%). One or more MACE occurred
in 516 patients (28.4%) while 143 patients (7.9%) died during the study period. Admission Nt-proBNP had a
statistically significant association with both mortality and MACE (both p<0.001). Discharge Nt-proBNP did not
predict mortality (p=0.514) but had a significant association with MACE (p=0.037).

Conclusion: Admission Nt-proBNP measurement is a more significant predictor of mortality and MACE following

myocardial infarction during hospital stay and up to 30-day follow-up.

INTRODUCTION:

Brain natriuretic peptide (BNP) is a neuro-endocrine hormone
released by cardiac myocytes in response to increased myocardial
wall stress. In the circulation, the biologically active 32-amino acid
BNP, is separated from the N-terminal portion of its prohormone
called N-terminal pro-brain natriuretic peptide (Nt-proBNP).
Following myocardial infarction, there is increased secretion of BNP
from both infarcted as well as non-infarcted cardiac myocytes. The
physiological effects of BNP include diuresis, vasodilation,
inhibition of renin and aldosterone production, as well as
stimulation of cardiac and vascular myocyte growth. The half-life
of Nt-proBNP is 70-120minutes, which is much longer than that of
BNP, which is 20 minutes. Renal excretion is the main clearance

mechanism of these natriuretic peptides, though circulating
endopeptidases degrade them as well (1-4).

B-type natriuretic peptide testing has been extensively investigated
in the setting of heart failure. BNP levels are elevated in patients
with congestive heart failure (CHF), with a positive correlation
between symptom severity and natriuretic hormone level (5-7) .
BNP is not only useful in identifying the presence of systolic and
diastolic heart failure (8-11), but also serves as a prognostic
indicator for readmission and mortality (12-15).

Several studies have demonstrated that BNP levels are elevated
following acute coronary syndromes (16-21). BNP levels peak
between 7-40 hours but some patients have demonstrated a



biphasic release with a second peak at 73-100 hours after an acute
ischaemic event. This is thought to represent the long-term
adverse effect of left ventricular remodeling. This biphasic
secretion of BNP has been shown to be associated with a poorer
prognosis when compared to the monophasic response (2, 19).

Some authors have sought to find the optimal time to test
natriuretic peptides following acute coronary syndromes, with
blood samples taken in the immediate hospital stay, up to a twelve
month follow up period (18, 22-24). In patients presenting with
chest pain, the failure of Nt-proBNP to decline rapidly by 72hrs
after symptom onset, was associated with a higher risk of death
within 30days(23) . The occurrence of persistently elevated B-type
natriuretic peptide levels weeks, and even months after an acute
myocardial infarction, is associated with a higher risk of death or
new CHF both in the short term as well as the very long term
following Acute Coronary Syndrome (ACS) (22, 24, 25). BNP and its
prohormone Nt-proBNP, are powerful independent predictors of
mortality and perform in a comparable manner to each other (26-
28).

There are very few studies conducted in Africa regarding b-type
natriuretic peptides and prognosis following ACS. In a study of 200
patients with ACS in South Africa, Nt-proBNP was a better
prognostic indicator compared to Troponin T, in patients with ST-
segment elevation myocardial infarction (STEMI) and non-ST-
segment elevation myocardial infarction (NSTEMI). This effect was
observed for both inpatient outcomes as well as up to 6 months
follow up period (21).

As cardiovascular disease is a leading cause of non-communicable
disease burden in sub-Saharan Africa with incidence of ischaemic
heart disease rising, it is important to find ways to risk stratify our
patients in resource constrained environments in order to improve
patient outcomes (29). Currently, more than 50% of global deaths
from ischaemic heart disease occur in low-middle income
countries, which are less developed and have lower levels of
education (30, 31).

Therefore, in our resource-limited environment, it would be useful
to identify the superiority of a single natriuretic peptide
measurement to provide the most significant prognostic
information with regards to mortality and cardiovascular morbidity
in patients presenting with acute coronary syndromes. Such
information can assist in prioritizing limited services to the most
urgent cases.

The purpose of our retrospective observational study was to
evaluate the prognostic value of N-terminal-proBNP levels
obtained at the time of hospital discharge, compared to an
admission Nt-proBNP measured at the time of admisssion to a
coronary care unit with a diagnosis of an acute myocardial
infarction. We compared this to Nt-proBNP measurements taken
at the time of admission in order to evaluate which measurement
provided the most useful information on 30-day survival and major
adverse cardiovascular events.

METHODS:

This single-centre retrospective observational study used a
computerized database of all patients admitted to the coronary
care unit of a South African Regional hospital (RK Khan Hospital).
This database comprised data collected between 2002 and 2016.
According to the study protocol, only patients with a confirmed
diagnosis of acute coronary syndrome based on standard criteria
were included. Patients with unstable angina were excluded.
Patients with only a single Nt-proBNP measurement were also
excluded as both admission and discharge values were necessary
for further analysis. This data was organized according to various
clinical and laboratory variables, together with patient outcomes
where it was known. Patient anonymity was maintained by using
computer generated identity numbers for all patients in the
database.

Clinical Variables

All patients had clinical assessments, which included
measurements for blood pressure, pulse rate, waist circumference
and body mass index. Patient risk factor profiles included were
Hypertension, Diabetes Mellitus (DM), Smoking history as well as
Hypercholesterolaemia. Family history of vascular disorder was
recorded, which included the presence of Premature Coronary
Artery Disease, Hypertension, DM or Cerebrovascular accident
present in a parent, sibling or other 15t degree relative younger
than 55 years of age at onset. The type of myocardial infarction as
well as site of infarction were noted. Post-infarct complications
were recorded during the initial hospital stay as well as at an
outpatient assessment a month after hospital

admission. These preselected adverse cardiovascular events were
Recurrent Myocardial Infarction, recurrence of Angina, the
presence of Heart Failure, occurrence of Atrial Fibrillation,
Ventricular Tachycardia, Ventricular Fibrillation, Cardiogenic Shock
and Death.

Laboratory Samples

Blood samples for Nt-proBNP were taken within 6 hours of hospital
admission and discharge blood samples taken at approximately day
5 of hospital admission. All samples were analyzed by the National
Health Laboratory Service (NHLS) which issues results measured as
Nano grams per litre. There was no special sampling technique
used and blood collection was by routine methods.

Ethics

This study received ethical approval from the University of
KwaZulu-Natal Biomedical Ethics Committee (BREC). BREC
reference number: BE419/16

Statistical Analysis

Data was analysed using IBM SPSS version 23. Continuous variables
(e.g. admission and discharge BNP were summarized medians and
interquartile ranges since they were highly skewed. Categorical
data were presented using frequency tables. Association between
categorical variables were assessed using the Pearson’s chi-square
(x2) test. Paired binary proportions were compared using
McNemar’s chi square tests within specific subgroups. The non-
parametric Mann Whitney test was used to compare the mean of
continuous explanatory variables (such as Nt-proBNP) by



dichotomous outcome classification. Admission and discharge Nt-
proBNP were tested for association with mortality and MACE using
bivariate and multivariable logistic regressions to account for other
risk factors and/or confounding variables. Coefficients were
exponentiated to represent odds ratios [ORs] and 95% confidence
intervals. Model fit (adequacy) was assessed using goodness of fit
tests, variance inflation factors [VIFs] and predictive performance.
An adjusted p-value of <0.05 was considered statistically
significant.

The primary endpoints were in-hospital and 30-day mortality and
major adverse cardiovascular events (MACE) that included
recurrent myocardial infarction, recurrence of angina, the
development of heart failure, atrial fibrillation, ventricular
dysrhythmia, cardiogenic shock.

RESULTS:

Study Population

Of the 3886 patients in our database, 1961 (50.5%) had both
admission and discharge Nt-proBNP values. After excluding all
patients with Unstable Angina, we had a study population of 1814
patients. Of these 1814 patients, three (3) had missing information
for Major Adverse Cardiovascular Events (MACE) outcome.
Demographic and clinical characteristics of the study population
are depicted in Table I. The mean age of the study population was
57.4years (SD 11.2). The majority of patients were male (64%) with
nearly a quarter being obese (23.4%). The most prevalent risk
factors for acute coronary syndrome were Diabetes Mellitus
(n=1073; 59.2%) as well as a family history of coronary artery
disease (n=1076; 59.3%). Other clinically significant risk factors
present in our population were the presence of hypertension as
well as smoking history. The majority of our patient presented
with ST segment elevation myocardial infarcts (STEMI) (n=1400;
77.2%) with the most frequent sites of infarction being Anterior
(67.4%) and Inferior (50.1%) territories.

Nt-proBNP values obtained ranged between 5-35000pg/ml. We
further categorized NT-pro BNP levels into normal (<124 pg/ml)
and abnormal (> or equal to 125 pg/ml). At admission, 1474 (81%)
patients had abnormal Nt-proBNP levels, whilst 1658 (91%) had
abnormal Nt-proBNP levels at the time of hospital discharge. Table
Il contains the breakdown of all major adverse cardiovascular
events, including death.

Major Adverse Cardiovascular Events (MACE)

Five-hundred and sixteen patients (28.4% of study cohort)
developed major adverse cardiovascular events (MACE) during the
study period. Of these patients, 455 (88%) had abnormal admission
Nt-proBNP levels and 474 (92%), had abnormal discharge Nt-
proBNP levels. Sixty-one patients with MACE had normal Nt-
proBNP blood levels on admission, 53 patients (87%) of these went
on to become abnormal at the time of discharge. Admission Nt-
proBNP had a highly significant correlation with MACE (p<0.001)
while discharge Nt-proBNP also had a significant correlation with
MACE (p=0.037). There was a borderline non-significant difference
when comparing admission and discharge Nt-proBNP
measurements for predicting MACE (p=0.053).

Cardiac Failure

The most common adverse event was cardiac failure. Cardiac
failure developed in 266 patients (14.7% of study cohort), this
represented 50.8% of all major adverse events. The majority of
patients with heart failure (95%) had abnormal Nt-proBNP on
admission, whilst 92% had abnormal Nt-proBNP at discharge. In
this group of patients who developed heart failure, 65 patients died
(24%). Of these patients, 62 (95%) had abnormal Nt-proBNP levels
at both admission and discharge. In this cardiac failure subgroup of
266 patients, median admission Nt-proBNP was 3705pg/ml (IQR
1459-9410pg/ml) while the median discharge level was 1187pg/ml
(IQR 424-3181pg/ml). Nt-proBNP at admission within this
subgroup of patients did not predict death (p=0.963) and neither
did discharge Nt-proBNP (p=0.549). Discharge Nt-proBNP when
arranged into quartiles did not yield any statistical significance in
predicting mortality (p=0.608). The relationship of discharge Nt-
proBNP quartiles to mortality was non-linear with the lowest and
highest quartiles with similar risk of mortality and the third quartile
with the highest risk of mortality.

Mortality

The total number of patients who died during the study period was
143 (7.9% of study cohort). Of these patients, 138 had abnormal
admission Nt-proBNP with 133 being abnormal at discharge. Only
five patients who died had normal Nt-proBNP on admission,
however all five went on to develop abnormal levels of Nt-proBNP
at discharge. Admission Nt-proBNP had a highly significant
association (P<0.001) with death but discharge Nt-proBNP did not
(p=0.514). There was no significant difference when comparing
admission and discharge Nt-proBNP for predicting death (p=0.302).
For a combined outcome of MACE or death, admission Nt-proBNP
had a highly significant association (p<0.001) while discharge Nt-
proBNP demonstrated no association (p=0.562). When arranged
into quartiles discharge Nt-proBNP showed a significant association
to the combined outcome of MACE or death (p=0.015). Admission
Nt-proBNP in quartiles remained highly significant for the outcome
of MACE or death (p<0.001).

Quartiles of Nt-proBNP

We proceeded to analyze our data by arranging admission and
discharge Nt-proBNP into quartiles. Quartiles of admission Nt-
proBNP are linear, and were highly significant for both death
(p<0.001) and MACE (p<0.001). Quartiles of discharge Nt-proBNP
were not linear and had no significant association to the outcome
of death (p=0.514). Quartiles of discharge Nt-proBNP, though non-
linear, did have a significant association with the outcome of MACE
(p=0.037). Although this relationship was non-linear, the risk of
MACE was highest in the highest quartile (33.1%) compared to the
lowest quartile (29.1%). The medians and interquartile ranges of
the admission and discharge quartiles are shown on Table IlI.



DISCUSSION:

This study set out to compare the prognostic value of discharge Nt-
proBNP as compared to admission Nt-proBNP following acute
myocardial infarction (Ml). We assessed the occurrence of major
adverse cardiovascular events in a database of patients admitted to
a Coronary Care Unit in a public hospital in South Africa. The
majority of patients presented with an ST-segment elevation Ml
(77.2%). The most common site of infarction was the anterior
territory (67.4%) followed by inferior territory (50.1%). The three
most prevalent cardiovascular risk factors were Diabetes Mellitus
(59.2%), Hypertension (54%) and current smoking (49.2%). These
findings are consistent with the risk factor profile previously
demonstrated in a smaller study of 94 patients in the same
hospital(32).

Cardiac failure was the most common complication of Myocardial
Infarction in our study cohort accounting for 50.4% of all adverse
events. Natriuretic peptides are a useful diagnostic tool in heart
failure (6, 11) and also a prognostic marker in patients with heart
failure as well as acute coronary syndromes (12-14). We assessed
the prognostic function of Nt-proBNP in this subgroup of patients.
Admission Nt-proBNP (p=0.963) and discharge Nt-proBNP
(p=0.549) did not have a significant association with mortality in
the group of patients with cardiac failure. Patients with cardiac
failure however, accounted for 45% of all mortality cases in our
study cohort and all but three (3) had elevated natriuretic peptide
levels at both admission and discharge. The development of heart
failure after myocardial infarction is an indication for
angiography(33). The presence of cardiac failure itself, following
myocardial infarction is a poor prognostic indicator (34-36).

While B-type natriuretic peptides are powerful prognostic
indicators in cardiovascular disease, the presence of raised
natriuretic peptides is also associated with non-cardiac causes as
well (37). In astudy by Talwar et al(19), serial measurements of
Nt-proBNP following myocardial infarction, Nt-proBNP levels did
not differ between patients with clinical or radiological features of
cardiac failure and those who did not. That study however, like
Morita et al(16), demonstrated a biphasic pattern of Nt-proBNP
secretion following myocardial infarction. The most common site of
myocardial infarction in this present study was anterior infarction
which was consistent with that of Morita et al. Morita et al
however, demonstrated that the second peak of Nt-proBNP at
around day 5, found predominantly in patients with anterior
infarction, was associated with higher mortality. This significance
of a later Nt-proBNP measurement was not demonstrated in the
present study.

Our results demonstrate that elevated levels of Nt-proBNP
measured at the time of hospital admission are a highly sensitive
indicator of adverse cardiovascular events and death (p<0.001).
This is in keeping with literature. However, there is no consensus as
to the optimal time to measure natriuretic peptides in coronary
artery disease. Elevated levels of these hormone are able to predict
mortality whether they are measured early within 6 hours of
symptom onset (38) but also remain sensitive if elevated many
months following myocardial infarction (22).
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In our study population, abnormal Nt-proBNP levels measured
around day 5 were better at predicting adverse cardiovascular
events (p=0.037) than death (p=0.514). This is in spite day 5
corresponding to the expected time of a second peak of Nt-proBNP
secretion as well as the predominant anterior territory involvement
within our study cohort. If we look closer at the patients with
adverse cardiovascular events, 53 patients had normal admission
Nt-proBNP but abnormal levels at the time of discharge. We can
compare this to only five patients who died, who had normal Nt-
proBNP levels on admission, though all five became elevated at the
time of hospital discharge. Rising BNP levels and a failure of
decline in BNP levels is a poor prognostic indicator (18, 19). More
patients had abnormal Nt-proBNP at discharge (474) compared to
admission (455) in the group of patients with adverse
cardiovascular events, for which Nt-proBNP had a statistically
significant association with this outcome.

When arranged into quartiles, admission Nt-proBNP remained
highly sensitive for both death and adverse events (p<0.001).
Quartiles of discharge Nt-proBNP, had a significant association with
major adverse cardiovascular events (p=0.037), but not death
(p=0.514). The relationship between discharge Nt-proBNP and
MACE was non-linear, however, the highest quartile of discharge
Nt-proBNP carried the highest risk of the development of adverse
cardiovascular events. This group had a median Nt-proBNP value of
4965pg/ml (see Table Il).

Perhaps further studies could assess a cutoff value within the
fourth quartile of discharge Nt-proBNP, above which adverse
cardiovascular events or mortality can be predicted. Higher Nt-
proBNP levels are associated with higher mortality, lower left
ventricular ejection fraction as well as extent of coronary artery
involvement (18, 21, 23).

In the present study, discharge Nt-proBNP is not superior to an
admission measurement of Nt-proBNP in predicting the occurrence
of major adverse cardiovascular events or mortality. Quartiles of
discharge Nt-proBNP have demonstrated a role in predicting
adverse cardiovascular events. As cardiovascular disease is a
leading cause of non-communicable disease burden in sub-Saharan
Africa with incidence of ischaemic heart disease rising, it is
important to find ways to risk stratify our patients in resource
constrained environments in order to improve patient outcomes
(29). Currently, more than 50% of global deaths from ischaemic
heart disease occur in low-middle income countries, which are less
developed and have lower levels of education (30, 31).

This further reiterates the need for us to develop risk stratification
tools in order to choose the patients at highest risk of poor
outcomes, to receive scarce treatment resources as a matter of
priority.

Conclusion

Abnormal admission Nt-proBNP, =125 pg/ml, is superior to
discharge Nt-proBNP in predicting mortality and major adverse
cardiovascular events. Quartiles of discharge Nt-proBNP are able
to predict major adverse cardiovascular events but not death
following acute myocardial infarction. Further studies are needed



to establish a cutoff point of Nt-proBNP for prognosis in our clinical
environment.
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TABLES & FIGURES:

Table I: Study Population

Total Patient Number 1814
Mean Age in years (+SD) 57.4 [+SD 11.1]
Gender n [%]
Male 1205 [66.4 %]
Female 609 [33.6 %]
Body Mass Index(BMI) (kg/m?) @@
Normal [<25] 608 [33.5 %]
Pre-Obese [26-29] 210 [11.6 %]
Obese [>30] 425 [23.4 %)
RISK FACTORS
Diabetes Mellitus 1073 [59.2 %]
Hypertension 980 [54 %]
Smoking Current 892 [49.2 %]
Non-smoker 665 [36.7 %]
Ex-smoker 257 [14.1%)
Previous Myocardial infarction 187 [10.3 %)
Previous Angina 199 [11 %]
Family History
Coronary Artery Disease 1076 [59.3 %]
Diabetes Mellitus 862 [47.5 %]
Hypertension 802 [44.2 %]
Cerebrovascular disease 344 [19 %]
CLINICAL VARIABLES Median [IQR]
Systolic Blood Pressure [mmHg] 129 [111-149]
Diastolic Blood Pressure [mmHg] 80 [70-91]

Admission Troponin T [ng/ml]

0.62 [0.16-3.61]

Troponin T 24Hours [ng/ml]

2.56 [1.58-3.55]

Haemoglobin [g/dL]

14.8 [11.5-17.0]

Creatinine [umol/L]

90 [70-110]

Total Cholesterol [mmol/L]

5.20 [4.39-6.02]

Triglycerides [mmol/L]

1.68 [1.18-2.48]

LDL Cholesterol [mmol/L]

3.26 [2.57-3.97]

Type of Infarct n [%]
ST-segment Elevation Myocardial Infarction (STEMI) 1400 [77.2 %]
Non-ST-segment Elevation Myocardial Infarction (NSTEMI) 414 [22.8 %]
Site of Infarction n [%]
Anterior 1223 [67.4%]
Inferior 908 [50.1 %]
Posterior 165 [9.1 %]
High Lateral 82 [4.5 %]

Coronary Angiogram Findings (9

n=844 [% of those with Angiogram]

Triple vessel disease 385 [45.6%]
Double vessel disease 219 [25.9 %]
Single vessel disease 204 [24.2 %]
Normal 36 [4.3 %]
Management Strategies
PTCA +- Stent 176 [10 %]
CABG 418 [23 %)
Medical Management 274 [15 %]

a) Missing BMI variable in 571 participants

b) Some patients with combination of territories

Q) 969 patients did not have coronary angiogram (54%)

d) 946 patients with missing variables for management strategies (52%)
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Table Il: Major Adverse Cardiovascular Events (MACE) or Death

Patients with occurrence of MACE or Death n=524 [28.9%)]
Cardiac Failure 266 [14.7%])
Death 143 [7.9 %]
Cardiogenic Shock 70 [3.8%]
Atrial Arrhythmia 54 [3.0%]
Ventricular Arrhythmia 69 [3.8%]
Heart Block 38 [2.1%]
Cerebrovascular Accident 37 [2.0%]

Table Ill: Quartiles of Nt-proBNP

Admission Nt-ProBNP Median [ Interquartile Range]*

Quartile 1 75  [39-125]

Quartile 2 374 [263-546]

Quartile 3 1345 [964-1837]
Quartile 4 5993 [3578-10307]
Discharge Nt-ProBNP Median [ Interquartile Range]*

Quartile 1 180 [92-270]

Quartile 2 668 [536-835]

Quartile 3 1671 [1334-2104]

Quartile 4 4965 [3354-9040]

*All measurements in pg/ml
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EXECUTIVE SUMMARY:

The purpose of this retrospective observational study is to evaluate the
prognostic significance of brain natriuretic peptide (BNP) levels obtained at
the time of discharge in patients admitted to a coronary care unit with a
diagnosis of an acute coronary syndrome. We will compare this to BNP
measurements taken at the time of admission in order to evaluate which
measurement provides the most useful information on 30-day survival.

Few studies have evaluated the most useful time to measure BNP in
resource poor settings where serial measurements may not be feasible.

We will conduct a retrospective chart analysis of a cohort of patients admitted
to a coronary care unit in a government hospital in the Province of KwaZulu-
Natal, South Africa. Data will be obtained using inpatient notes as well as
outpatient records to evaluate survival status at 30days after the index event.

We hope to impact the risk stratification of patients presenting with acute
coronary syndrome.
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INTRODUCTION:

Brain natriuretic peptide (BNP) is a neuro-endocrine hormone released by cardiac
myocytes in response to increased cardiac wall stress. In the circulation the biologically
active 32 amino-acid BNP is separate from the n-terminal portion of the prohormone
termed NT-proBNP. Physiological effects of BNP include diuresis, vasodilation,
inhibition of renin and aldosterone production and of cardiac and vascular myocyte
growth. BNP is cleared from plasma mainly through renal excretion. The half-life of
NT-proBNP (70-120min) is considerably longer than that of BNP (20min).

Following acute myocardial infarction, there is increased synthesis of natriuretic
peptides in both the infarcted and non-infarcted myocardial tissue. It has been shown
that measurement of serum NT-proBNP as well as BNP provides powerful prognostic
information for patients with acute coronary syndrome across all spectrums of disease.
Prognostic utility of B-type natriuretic peptides applies to short term as well as long term
outcomes.

Few studies have looked at the prognostic value of serial BNP measurements in acute
coronary syndromes. In our environment with limited resources, it would be useful to
identify the superiority of a single BNP measurement in providing the most significant
prognostic information with regards to mortality in patients presenting with acute
coronary syndromes.
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1. BACKGROUND AND LITERATURE REVIEW
1.1 The Clinical Problem

Elevated levels of B-type natriuretic peptide (BNP) and the N-terminal fragment of its
prohormone, N-terminal-pro-BNP (NT-proBNP) has been shown to be independent
predictors of poor outcomes in patients with Acute Coronary Syndrome. There have
been limited studies assessing the optimal time of measuring NT-proBNP levels as well
as comparing admission to discharge NT-proBNP levels.

1.2 The Literature Review

A study of 60 patients admitted to a coronary care unit with Q wave acute myocardial
infarction (AMI) measured serial blood samples for NT-proBNP at four intervals during
hospital admission up to day 8 as well as a single measurement as an outpatient(®.
Although this study had a small sample size it demonstrated that BNP is elevated at all
time points following AMI including outpatient follow up. BNP profile particularly
following anterior AMI shows a biphasic response with a late rise in BNP around day 4.
It has been demonstrated that BNP measured late during the admission was a strong
predictor of poor outcomes.

Larger studies with single baseline measurements of BNP© have confirmed that
mortality rates increase in a step wise fashion across increasing levels of BNP at
presentation. It has been suggested that a threshold of 80pg/mL® 3 is also appropriate
in patients with Acute coronary syndromes (ACS) as it is in patients with heart failure, as
an indication of neurohormonal activation. Large studies with serial inpatient
measurement of BNP have supported that a second later sample provides information
about the further clinical course. Failure to decrease BNP levels at 72hrs after symptom
onset or a further/new elevation in BNP is associated with worst outcomes®. Rapid
decline in BNP may indicate responsiveness to therapeutic interventions®. Serial BNP
measurements during long term follow up have yielded similar prognostic utility with
persistently elevated BNP carrying the highest risk of death or new onset congestive
heart failure (CHF)@ 3,

There has been recent attempts at estimating optimum inpatient timing of BNP for
prognostication but elevated BNP levels at all time points have proven to be statistically
significant matched to patients with non-fatal outcomes®).

Whilst there is no doubt from current literature as to the utility of BNP as a prognostic
indicator for death or new CHF in both short and long-term follow up it is yet unclear
which single measurement would derive the most utility in resource poor environments
where serial measurement of BNP may not be possible.
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1.3 The Research Question

Can discharge NT-proBNP be used as a single measure to risk stratify patients treated
with Acute Coronary Syndrome, as opposed to admission NT-proBNP.

2. AIMSAND OBJECTIVES

The aim of this study is to establish if discharge N-Terminal proBrain Natriuretic Peptide
(NT-proBNP) is superior to admission NT-proBNP in predicting 30day mortality in
patients with acute coronary syndrome admitted to a resource poor environment

The objectives are

- To compare the prognostic significance of admission versus discharge NT-
proBNP in predicting adverse outcomes in patients with acute coronary
syndrome.

- To classify which patients are at greatest risk of poor outcomes based on
admission versus discharge NT-pro BNP.

- To assess whether a single BNP level obtained at the time of discharge can be
used to guide clinical course and outcomes
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3. METHODS

3.1 Study Design
This is a Quantitative Retrospective Observational study

3.2 Setting

Our study is based at RK Khan Hospital; A regional hospital in KwaZulu-Natal Province
of South Africa. Information will be derived from a computerized database comprising
patients admitted to the coronary care unit.

3.3 Participant Selection and Sampling Strategy
Inclusion Criteria
e All patients admitted with a confirmed diagnosis of Acute Myocardial Infarction
based on standard criteria
e Only patients who have both admission and discharge NT-proBNP
measurements will be included in the study.
Exclusion Criteria
e Patients with unstable angina will not be included
e Patients with missing laboratory variables for NT-proBNP will not be included

3.4 Data Collection and Statistical Analysis
Please refer to the attached appendix for a detailed description of all variables that will
be assessed in all participants.
e Patient anonymity will be maintained by using computer numbers for all patients
included in the study

Professor Ben Sartorius will be performing all statistical analyses.

Sample size and power:

e The anticipated sample size will be >2000 patients after application of the
eligibility criteria.

¢ A minimum sample size of 2000 achieves 80% power to detect a very small
effect size (W) < 0.10 using a 1 degree of freedom Chi-Square Test with a
significance level (alpha) of 0.05 or 5%.

e Similarly a sample size of 1000 achieves 80% power to detect a very small effect
size (Cohen’s d) (Cohen, 1988) of <0.15 based on a standard t-test approach i.e.
comparisons of differences of means of a continuous variables such as NT-
proBNP by dichotomous outcome i.e. mortality and/or Major Adverse
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Cardiovascular Events (MACE). This assumes a significance level (alpha) of 0.05
or 5%.
***Cohen, Jacob. 1988. Statistical Power Analysis for the Behavioral Sciences,
Lawrence Erlbaum Associates, Hillsdale, New Jersey.

e These sample size calculations were performed using PASS 12 software (Hintze,
J. (2013). PASS 12. NCSS, LLC. Kaysville, Utah, USA. www.ncss.com).

Data analysis plan:

Data will be analysed using Stata 13.1 SE. Continuous variables (e.g. admission and
discharge BNP were summarized using mean and standard deviation (SD). If these
data were skewed then medians and interquartile ranges will be presented instead.
Categorical data will be presented using frequency tables. Association between
categorical variables will be assessed using the standard Pearson’s chi-square (x2)
test. If expected cell count in the cross tabulation contains fewer than 5 observations
(sparse numbers) then the Fishers exact test will be employed. The standard t-test was
used to compare the mean of continuous explanatory variables (such as NT-proBNP)
by dichotomous outcome classification. If the normality assumption is not upheld, then
the non-parametric equivalent Wilcoxon rank-sum test will be used instead. Admission
and discharge NT-proBNP will be tested for associated with mortality and MACE using
bivariate and multivariable logistic regressions to account for other risk factors and/or
confounding variables. Coefficients will be exponentiated to represent odds ratios
[ORs] and 95% confidence intervals. Model fit (adequacy) will be assessed using
goodness of fit tests, variance inflation factors [VIFs] and predictive performance. An
adjusted p-value of <0.05 will be considered statistically significant.

4. ETHICAL CONSIDERATIONS

We will be using data extrapolated from a computerized data bank.
Patient confidentiality will be maintained at all times by assigning computer-generated
numbers to all study participants.
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APPENDIX

STUDY DATA SHEET

PATIENT NUMBER:

DEMOGRAPHIC CHARACTERISTICS

AGE (years):

Gender: MALE | FEMALE

CLINICAL VARIABLES

Waist Circumference
(cm):
Blood Pressure: Systoli Diastoli
C c
Heart rate:
Type of Infarct: STEMI NSTEMI
Site of Infarct: Anterior
Anterolateral
Anteroseptal
High Lateral
Posterior
Inferior
Heart Failure yes no
Killip Killip |
Classification: Killip 11
Killip 11
Killip IV
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ECHO FINDINGS:

RISK PROFILE:
Hypertension
Diabetes
Smoking
Hypercholesterol
aemia
Family history of
Vascular Disorder
1. Premature CAD
2. Hypertension
3. Diabetes
4. CVA
LABORATORY VARIABLES:
NT-proNT- Admission
PROBNP: Discharge (+- Day5)
Troponin T Admission:
24 Hours:
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Discharge (+- Day5) |

Urea (mmol/L)

Creatinine
(Mmol/L)
Lipid Profile Total cholesterol
Triglycerides
HDL
LDL

IN-HOSPITAL & 30-DAY COMPLICATIONS

Recurrent Mi Yes No
Recurrence of Angina Yes No
Heart Failure Yes No

Atrial Fibrillation Yes No
Ventricular Dysrhythmia Yes No
Cardiogenic Shock Yes No
Death Yes No

CORONARY ANGIOGRAM

Single Vessel Disease

Double Vessel Disease

Triple Vessel Disease

CARDIAC REVASCULARIZATION

PCI + Stent

CABG

Medical Management
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