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Chapter 1

INTRODUCTION

Acute myocardial infarction (AMI) is the first clinical manifestation in more than 50%
of patients with ischemic heart disease, the worldwide leading cause of death.'”

AMI is frequently caused by coronary atherosclerotic plaque rupture resulting in
coronary thrombus formation and abrupt cessation of coronary blood flow, causing
myocardial tissue damage.”

According to the manifestation of ST-elevation on the electrocardiogram, there are two
subtypes of AMI: non-ST-elevation myocardial infarction (NSTEMI) and ST-elevation
myocardial infarction (STEMI).>

Both circumstances require early hospitalization and pharmacological treatment to
limit myocardial damage and to prevent sudden cardiac death. Additionally, in STEMI
patients concomitant early revascularization of the culprit coronary artery by primary
percutaneous coronary intervention (PPCI) has proven to reduce short- and longer-term
mortality risk, incidence of stroke and non-fatal re-infarction when compared to
pharmacological reperfusion (thrombolysis).” As a consequence, PPCI has now
become the treatment of choice in STEMI patients for almost two decades, while
innovation of medication and coronary devices have improved prognosis continually.™*’
However, despite these favorable developments, there will always be AMI patients at
higher risk for adverse outcomes. As a consequence, accurate risk stratification is of
great importance and can be challenging.

RISK STRATIFICATION

In recent years several established AMI risk models have been developed, particularly
to predict the patient’s mortality risk.

The Thrombolysis in Myocardial Infarction (TIMI) risk score is based on data of over
14,000 fibrinolytic-eligible patients with STEMI. This bedside risk score consists of
independent predictors of 30-day mortality derived from the patient’s history and
clinical baseline characteristics, with scores ranging from 0 to 14 points. In patients
with a score of 0 points, mortality at 30-day follow-up was <1% with good prognostic
capacity (C-statistic of 0.78)."” Although initially this risk score was not developed for
patients treated with PPCI, the TIMI risk score demonstrated a prognostic value in this
group of patients with C-statistics ranging from 0.72 to 0.84."'"* Additionally, a TIMI
risk score for NSTEMI or unstable angina patients was also developed, derived from
1957 patients."
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The global registry of acute coronary events (GRACE) provided data of 11,389
patients (including 509 in-hospital deaths) with acute coronary syndromes with and
without ST elevation."” Based on age, Killip Class, systolic blood pressure, presence of
ST segment deviation, cardiac arrest during presentation, serum creatinine concentration,
heart rate and presence of elevated serum cardiac enzymes, C-statistic for in-hospital
mortality was 0.83.

At present, the GRACE score provides the most accurate stratification of risk in
patients presenting with NSTEML® In PPCI patients, different C-statistics for 30-day
mortality by the GRACE model have been reported, varying from 0.47 to 0.84.'*'°

PPCI risk models

The widespread adoption of PPCI resulted in the development of novel risk strategies.
The Zwolle Risk Score (ZRS) is based on 30-day mortality rates of 1791 patients who
underwent PPCIL. In this risk model, procedural outcome measures were identified as
independent predictors of mortality, including the PCI result (post procedural
Thrombolysis in Myocardial Infarction (TIMI) flow) and the number of diseased
vessels. In combination with established risk variables including Killip Class, age (>60
years), anterior infarction location and time to treatment (ischemia time >4 h), this
score (with a maximum of 16 points) was able to identify a large cohort (73%) of
patients at low mortality risk (ZRS <3), with a good discriminatory capacity (C-statistic
of 0.91)."7 In patients at low mortality risk, the mortality rate was 0.1% at 2 days and
0.2% between 2 and 10 days.

The Controlled Abciximab and Device Investigation to Lower Late Angioplasty
Complications (CADILLAC) risk model was derived from 2082 patients. In this risk
model baseline left-ventricular ejection fraction (assessed by ventriculography) was
identified as the most powerful predictor of 1-year mortality. Additional predictors
were renal insufficiency, anemia, Killip Class, TIMI flow, number of vessel disease
and age. The CADILLAC risk score demonstrated good prognostic accuracy in both
the derivation and validation sets (C-statistics of approximately 0.80 for 30-day and 1-
year mortality)."®

The Primary Angioplasty in Myocardial Infarction (PAMI) risk score was derived from
several PAMI trials, including 3452 PPCI patients to predict 6-month mortality."’
Finally, the APEX-AMI risk model was derived from the largest PPCI patient
population until now (5745 patients). Compared to the PAMI and CADILLAC scores,
this model also considered patients with cardiogenic shock, to predict 90-day mortality
risk; however, external validation has not been performed.”
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In Table 1 risk models, variables and outcome measures are summarized. In addition to
conventional risk factors, variables related to left-ventricular dysfunction and procedural
success are important representatives.

In comparative studies, major differences in predicting 30-day mortality in STEMI
patients treated with PPCI between the TIMI, ZRS, CADILLAC and PAMI risk scores

could not be demonstrated.'>"**!

Biomarkers

Biomarkers including cardiac troponin (cTn) or brain natriuretic peptide (BNP) and its
N-terminal fragment (NT-proBNP) are emerging tools for diagnosis and treatment in
cardiology.”®® An increased level of the protein c¢Tn indicates myocardial necrosis,
while the amino-acid polypeptide (NT-pro) BNP is released when myocardial
dysfunction occurs.

As a consequence, these biomarkers have demonstrated to be of prognostic value in
AMI patients as well.”*>*

In STEMI patients treated by PPCI, these biomarkers are also associated with procedural
outcome and clinical events, and improve prognostication over conventional risk
factors.>*® Particularly NT-proBNP measurement provides incremental risk
stratification in this patient group.””" However, novel PPCI risk models that have
incorporated NT-proBNP are still limited.*>*" Furthermore, it remains underexposed
whether routinely use of NT-proBNP beyond established PPCI risk models could
improve risk stratification.

In NSTEMI patients, ¢Tn or high-sensitivity (hs)-cTn at present, has important
prognostic accuracy and constitutes a key-element of the GRACE risk model.">
However, the added value of NT-proBNP beyond current risk strategies in NSTEMI is
debatable.’

Early discharge

The increase in the number of PPCI patients at low mortality risk has been paralleled
by a decrease in hospital stay from approximately 1 week in the thrombolysis era to a
recommended early discharge, after 3 days at present.**’

The safety and feasibility of early discharge (particularly 48—72 h after admission) in
suitable low-risk PPCI patients was demonstrated in several studies in which different

. . 3435
risk strategies were proposed.”™
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Chapter 1

Based on the outcome measures of the Zwolle Risk Score (ZRS), it was suggested that
low-risk patients (74% of the study population) could be discharged early (between
48-72 h), as a cost-saving alternative for traditional care without increased mortality
risk."’

The ZRS has been validated in several reports demonstrating that there was no
difference in outcome between early discharge compared to traditional care in low-risk

PPCI patients, who had a very low occurrence of adverse events.**>*

Atrial fibrillation

New-onset atrial fibrillation (AF), defined as the arrhythmia developing after hospital
admission but during inpatient stay, frequently occurs in patients admitted with AMI
(incidences to over 20%).*%*

The mechanism of this arrhythmia is supposed to be the result of atrial enlargement,
atrial ischemia or atrial wall stretching. Although occurrence of AF is often transiently,
AMI patients with new-onset AF have worse baseline characteristics, more
complicated hospital courses and impaired cardiovascular outcome, including a higher
mortality risk.*' ™

Although PPCI has decreased the risk of new-onset AF in STEMI patients, it still
occurs in about 6% to 10% of cases and is associated with higher Killip Class at
admission, pre-procedural coronary artery occlusion and post procedural TIMI flow <3
and higher risk of 30-day mortality.**** As a consequence, early recognition of
patients at risk for developing AF could help to improve outcomes.

In previous reports it was demonstrated that STEMI patients with higher levels of the
biomarkers high-sensitivity C-reactive protein (hsCRP) and NT-proBNP were at higher
risk for developing AF; with only one report mentioning the predictive value of NT-
proBNP.45

Therefore, more insight in the predictive value of biomarkers including NT-proBNP
and cTn is needed.

Aims of the thesis

The aims of this thesis are:

1. To improve risk assessment in AMI patients in the present biomarker era.
2. To improve discharge policy in STEMI patients treated with primary PCL
3. To improve identification of STEMI patients at risk for new-onset AF.



General introduction

OUTLINE OF THE THESIS

In CHAPTER 2, we identify the predictors of prolonged hospital stay in STEMI patients
treated with PPCI and determine the prognostic importance of a prolonged stay in
hospital by evaluating the 1-year mortality rates.

In CHAPTER 3, we investigate the safety and feasibility of next day discharge in low-
risk STEMI patients treated with PPCI, based on the Zwolle Risk Score (ZRS) and
protocolized care.

In CHAPTER 4, we investigate whether the Zwolle Risk Score could be improved by
adding baseline NT-proBNP determination for prognostication of 30-day mortality in
STEMI patients treated with PPCI. Additionally we analysed the occurrence of major
adverse cardiac events (MACEs) and major bleeding up to 10 days in low risk patients.

In CHAPTER 5, we investigate the optimum time of NT-proBNP determination by
performing serial NT-proBNP measurements after PPCI. We also evaluated wether
NT-proBNP at the different time points and the ZRS could improve prognostication of
30-day mortality and the scheduling of early hospital discharge.

In CHAPTER 6 serial NT-proBNP measurement after PPCI and its combination with the
ZRS is evaluated for prognostication of the occurrence of non-fatal adverse events up
to 30 days post PPCL

In CHAPTER 7, we investigate the predictive value of baseline NT-proBNP for 30-day
mortality over and beyond the GRACE and TIMI risk scores in NSTEMI patients.

In CHAPTER 8, the value of serial NT-proBNP assessment in predicting new onset atrial
fibrillation in STEMI patients undergoing PPCI is evaluated.

In CHAPTER 9, we investigate the association of serial high-sensitivity troponin T with
the onset of atrial fibrillation in STEMI patients undergoing PPCL

In CHAPTER 10 we evaluate the association between baseline NT-proBNP levels and
long-term mortality in PPCI patients. We also investigate the effect of pre-hospital
tirofiban administration on mortality in relation to NT-proBNP levels.

In CHAPTER 11 the outcome of the thesis is summarized, followed by a general
discussion with special emphasis on clinical implications and future developments.
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Chapter 2

ABSTRACT

Objective. Although most patients with ST-elevation myocardial infarction treated by
primary percutaneous coronary intervention (PCI) have a good prognosis and can be
discharged from hospital very soon, some patients must be admitted longer. We
performed the current analysis to assess predictors and the prognostic significance of
prolonged hospital stay.

Patients and Methods. In this prospective, observational study, individual data from
2323 patients who survived at least 2 days after primary PCI in our hospital were
recorded. Patients in the highest tertile of hospital stay were compared with the other
patients. Both predictors and prognostic importance of prolonged hospital stay were
evaluated.

Results. Mean admission duration was 6.7 days (standard deviation: 6.6). A total of
797 patients had a hospital stay for more than 6 days (highest tertile). Patients with a
longer hospital stay were older, more often female, had more often a history of
previous myocardial infarction and signs of heart failure on admission, and had more
frequently thrombolysis in myocardial infarction flow 0 before PCI. In addition, a low
left ventricular ejection fraction was independently associated with prolonged hospital
stay [odds ratio: 2.06 (95% confidence interval: 1.54-2.76)], but with a comparable
risk of 1-year mortality [odds ratio: 1.3 (95% confidence interval: 0.8—2.0)].
Conclusion. According to this study, a low left ventricular ejection fraction is
associated with prolonged hospital stay in patients after primary PCI. Predictors of
prolonged hospital stay are age, female sex, previous myocardial infarction, heart
failure on admission, and thrombolysis in myocardial infarction flow 0 before PCI.

INTRODUCTION

In the thrombolytic and prethrombolytic era, it was demonstrated that a prolonged
hospital stay in patients with ST-elevation myocardial infarction (STEMI) was a strong
predictor of both short-term and long-term mortality."” Since several years, primary
percutaneous coronary intervention (PCI) is the preferred treatment strategy in most
patients with STEMI, improving short-term and long-term outcomes™* and providing a
decline in hospital stay. Meanwhile, several studies revealed that an early discharge
policy or short hospital stay in uncomplicated STEMI patients treated by primary PCI
is feasible with favorable short-term and long-term outcomes.” '
However, in these studies the prognostic importance of a prolonged hospital stay
remains unclear. Possibly, after primary PCI, with more frequent complete and
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sustained reperfusion and less bleeding complications, the prognosis of patients with a
longer hospital stay is also better. In addition, more frequent use of drugs such as f-
blockers, statins and angiotensin-converting enzyme inhibitors, nowadays, may have
improved survival in patients with longer hospital stay. Finally, more insights into
predictors of prolonged hospital stay may give opportunities to reduce hospital stay by
treating risk factors more aggressively.

To address these issues, we performed a prospective study in patients undergoing
primary PCI for STEMI assessing predictors and the prognostic importance of
prolonged hospital stay.

PATIENTS AND METHODS

Population

During 13 years, individual patient data from all patients with admission diagnosis of
STEMI admitted for primary PCI at the Isala klinieken (Zwolle, The Netherlands) were
prospectively recorded. Patients who died during hospital admission were not included
in this sub-study. To avoid double inclusion of patients, only the first recorded
admission for STEMI during the study period was used. Patients were diagnosed with
STEMLI, if they had a chest pain of more than 30 min duration and electrocardiogram
changes with ST segment elevation of more than 2 mm in at least two precordial leads
and more than 1 mm in the limb leads. Before the primary PCI procedure, all patients
received 500 mg of aspirin and 5000 IU of heparin intravenously. Primary PCI was
performed with standard techniques if the coronary anatomy was suitable for
angioplasty. PCI success was determined by the classification system of the
Thrombolysis in Myocardial Infarction (TIMI) trial, in which a grade 3 blood flow
indicates normal flow within the vessel, in combination with myocardial blush grades 2
and 3." Additional treatment with glycoprotein inhibitors IIb/Illa or stents was to the
discretion of the treating cardiologist. All patients were treated with optimized drug
therapy, including angiotensin-converting enzyme inhibitors, -blockers, aspirin and
lipid-lowering drugs where appropriate.

Measurements

To study predictors and prognostic importance of prolonged hospital stay in more
detail, hospital stay was categorized into tertiles. Patients who were in the highest
tertile were compared to those in the two lower tertiles.

Left ventricular ejection fraction (LVEF) was measured before discharge by
radionuclide ventriculography or by echocardiography, if the patient had atrial
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fibrillation. Radionuclide ventriculography was performed using the multiple-gated
equilibrium method after the labeling of red blood cells of the patient with
#"Technetium pertechnate. A General Electric 300 gamma-camera (General Electric,
Milwaukee, WI, USA) with a low-energy all-purpose parallel-hole collimator was
used. Global ejection fraction was calculated by a General Electric Star View computer
using the fully automatic PAGE program. In patients with atrial fibrillation, standard
two-dimensional and Doppler imaging was performed and stored in cineloop format by
well-trained echocardiographists and reviewed by experienced cardiologists. The left
ventricular end-diastolic volume (LVEDV) and left ventricular end-systolic volume
(LVESV) were measured and the LVEF was calculated as:
(LVEDV-LVESV)/LVEDV x 100%

(Simpson’s rule).14 A low LVEF was defined as an ejection fraction less than or equal
to 30%. Follow-up information was obtained from the patient's general physician or by
direct telephonic interview with the patient. Study approval was obtained from the
medical ethics committee of our hospital.

Statistical analysis

Statistical analysis was carried out with the Statistical Package for the Social Sciences
version 12.0.1 (SPSS Inc., Chicago, IL, USA). The analysis of variance and the
Mantel-Haenszel Chi-squared test were used appropriately for continuous and
categorical variables, respectively. Significant variables analyzed are reported with
their respective odd ratios (ORs) and 95% confidence intervals (Cls). Cox
proportional-hazards regression models were used to estimate hazard ratios of clinical
variables with regard to survival at 1 year. Multivariable analyses were carried out with
the Cox models for all-cause mortality and with a logistic regression model to assess
risk of low LVEF. For all analyses, statistical significance was assumed when the two-
tailed probability value was less than 0.05.

RESULTS

During the study period, a total of 5030 patients with STEMI were admitted and treated
with primary PCI in our hospital. A total of 2386 patients (47%) were excluded,
because they were often transported back to the referring hospital the day after primary
PCI. Of the remaining 2644 patients, 96 patients (3.6%) died during hospital
admission, and were also excluded from the analyses. Finally, in 225 patients (8.8%)
no exact data of hospital discharge were available. So, the final study population
consisted of 2323 patients.
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Table 1. Comparison between patients with the highest tertile (>6 days) of hospital stay and the lower
tertiles, in 2323 patients who survived until discharge after primary PCI for ST-elevation myocardial
infarction®

Variable Hospital stay
<6 days >6 days P value
Number 1526 797
Female 21 28 0.001
Age (yr+SD) 60.2+11.8 63.3+11.4 0.001
History of:
Myocardial infarction 8.2 13.7 0.001
Coronary bypass surgery 24 4.1 0.02
PCI 6.4 7.0 0.54
Stroke 24 34 0.16
Hypertension 26.8 28.2 0.48
Diabetes 9.8 11.2 0.28
Hyperlipidemia 22.1 19.0 0.10
Family coronary heart disease 433 46.7 0.12
Smoking 52.1 43.6 0.001
Killip Class >1 4.5 15.5 0.001
Ischemic time, h+SD 4.542.7 4.843.0 0.04
Anterior wall location 38.2 48.4 0.001
Multivessel disease 46.6 65.0 0.001
TIMI 0 pre-PCI 61.1 70.2 0.001
TIMI 3 post-PCI 92.7 83.9 0.001
Collaterals 48.8 449 0.15

PCI, percutaneous coronary intervention; SD, standard deviation; TIMI, thrombolysis in myocardial infarction.
*All values are % or mean with standard deviation.

Baseline characteristics

Of the 2323 included patients, mean age was 61.3 years (standard deviation: 11.7) and
536 patients (23%) were women. Mean admission stay was 6.7days (standard
deviation: 6.6). A total of 797 patients (34%) had a hospital stay for more than 6 days,
and this group (highest tertile of hospital stay) of patients was compared with the other
patients. Differences in baseline characteristics between patients with a hospital stay of
more than 6 days and those with a hospital stay of 6 days or less are summarized in
Table 1. Patients with longer hospital stay were older, more often female, and had more
often a history of previous myocardial infarction, coronary artery bypass grafting or
smoking. On admission, patients in the highest tertile of hospital stay had a higher
Killip Class and a longer ischemic time and were more affected by anterior wall
infarction. In addition, multivessel coronary artery disease was more often observed at
the angiography, as made before primary PCIL
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Table 2. Outcome in patients within the highest tertile (>6 days) of hospital stay and the lower
tertiles, in 2323 patients who survived until discharge after primary PCI for ST-elevation MI

Variable Hospital stay
< 6 days > 6 days P value
Number 1526 797
Peak CK (U/1) 1834+1638 249542012 0.001
Mean LVEF, %+SD 47.9+10.4 43.7+12.4 0.001
Major bleeding 1.4 5.9 0.001
Outcome after 30 days:
Death 1.1 0.8 0.40
Re-MI 3.7 5.0 0.12
Stroke 0.1 0.8 0.004
PCI 4.5 8.5 0.001
CABG 1.7 16.4 0.001
Outcome after 1 year:
Death 29 3.6 0.32
Death/re-MI 6.0 8.4 0.03
Stroke 0.5 1.3 0.03
PCI 14.0 18.6 0.004
CABG 6.4 242 0.001

CABG, coronary artery bypass grafting; LVEF, left ventricular ejection fraction; MI, myocardial infarction;
PCI, percutaneous coronary intervention; SD, standard deviation; CK, creatine kinase.

Outcome

Outcome data in patients with and without a prolonged hospital stay are summarized in
Table 2. Those with a prolonged stay had a higher enzymatic infarction size and a
lower ejection fraction. Patients in the highest tertile length of hospital stay had more
often a low LVEF (< 30 %), with the unadjusted OR 3.4 (95% CI 2.5-4.7) as
compared with the lower tertiles. A total of 73 patients (3.1%) died between hospital
discharge and 1 year after admission. Several clinical characteristics were associated
with increased mortality, including low LVEF and TIMI flow less than 3 after primary
PCI. Mean hospital length of stay in patients who died within 1 year was 8.9 days
(standard deviation: 11.0) compared to 6.6 (standard deviation: 6.5) in those who
survived (P<0.001). Survival curves of patients with a hospital stay less than 6 days
and those with a stay of more than 6 days are depicted in Figure 1. Patients in the
highest tertile had a comparable risk of 1-year mortality [OR = 1.3 (95% CI 0.8-2.0)]
compared to those in the other tertiles.
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P=0.32

0 180 360
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Figure 1. One-year mortality curves of patients with hospital stay of more than 6 days (N=797) versus
those with hospital stay of less than 6 days (N=1526).

Multivariable analyses

In Table 3 multivariable analyses of potential predictors of prolonged hospital stay are
shown. Age, female sex, infarction location, previous myocardial infarction, signs of
heart failure on admission, the presence of multivessel disease, and TIMI flow 0 before
PCI were independent statistically significant predictors of prolonged hospital stay.
After adjusting for differences in age, sex, infarction location, Killip Classification on
admission, multivessel disease, previous myocardial infarction and TIMI flow post-
PCI, the highest length of hospital stay tertile was still associated with a low ejection
fraction [OR 2.06 (95%CI 1.54-2.76)]. After adjusting for differences in age, sex,
infarction location, Killip Classification on admission, multivessel disease, previous
myocardial infarction and TIMI flow post-PCI, patients with prolonged hospital stay
were not associated with an increased risk of 1-year mortality [OR 1.13 (95%CI 0.67—
1.90)]. Even when adjusted for differences in LVEF, those with prolonged hospital stay
did not have a higher risk of 1-year mortality [(OR 1.70, (95%CI 0.84-3.47)].
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Table 3. Multivariable analyses of the Risk (OR) of prolonged hospital stay”

Variable OR 95%ClI P value
Age (/yr) 101 1.00-1.020 0.046
Males 0.71 0.56-0.89 0.004
Killip Class >1 4.02 2.80-5.76 0.001
Anterior location 1.87 1.53-2.29 0.001
Ischemic time (/h) 1.027 0.99-1.06 0.13
Previous myocardial infarction 1.45 1.01-1.96 0.047
Previous bypass surgery 1.27 0.72-2.22 0.41
Smoking 0.81 0.65-1.00 0.50
Multivessel disease 2.10 1.70-2.59 0.001
TIMI 0 before PCI 1.81 1.46-2.25 0.001

OR, odds ratio; PCI, percutaneous coronary intervention; TIMI, thrombolysis in myocardial infarction;
CI, confidence interval.
*Adjusted for differences in the other variables.

DiscussIioN

This analysis shows that after primary PCI for STEMI, patients with longer hospital
stay are older, more often female, have more often a history of previous myocardial
infarction and signs of heart failure on admission, and have more frequent TIMI flow 0
before PCI. The strongest predictor of prolonged hospital stay was heart failure on
admission.

Improved therapy of STEMI has resulted in a significant reduction of length of hospital
stay from more than 6 weeks in the 1950s to 1 week in the thrombolysis era to
nowadays discharge at day 4 or earlier in low-risk patients treated with primary
PCL’ "

In most studies with regard to the feasibility of early discharge after primary PCI,
characteristics and significance of longer stay patients remain underexposed.

In some studies, factors that avoid a safe early discharge have been identified and
translated in risk scores.”’ De Luca et al.” revealed that age, anterior wall location,
Killip Class, ischemic time, postprocedural TIMI flow and multivessel disease were
independent predictors of 30-day mortality. Patients with a low-risk score (<3) were
eligible for discharge within 48—72 h with a mortality risk up to 0.2% at 10 days.
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Our analysis also reveals the importance of preprocedural TIMI flow in the infarction-
related vessel. Therefore (pre-hospital) medical treatment to increase the appearance of
an already open infarction-related vessel before angiography should be encouraged."

The occurrence of bleeding remains a matter of concern, and is in our study associated
with prolonged hospital stay. In earlier studies both hemorrhagic events and
16,17 .
Possibly, the
thrombin inhibitor, bivalirudin, can reduce major bleeding.18 However, the effect of

thrombocytopenia have been associated with early and late mortality.

bivalirudin before catheterization (as given in the ambulance) is not yet investigated
and the costs of it are considerable higher.

The existence of multivessel disease was also a strong predictor of longer hospital stay
in our analysis. Probably, additional revascularization procedures may have caused the
prolonged hospital stay. However, the hemodynamic significance of nonculprit lesions
is frequently overestimated (40%) and, compared to a more conservative strategy, an
early ischemia-guided invasive strategy does not result in a reduction of total major
adverse cardiac events at 6 months."”

In our analysis, we did not find a survival disadvantage for longer stay patients, despite
a significantly lower ejection fraction. This is a remarkable finding, but it should be
noted that prognosis of patients with low ejection fraction after primary PCI has been
improved nowadays due to optimal medical therapy.*

Study limitations

Several limitations of our study have to be noted. The study concerned a cohort of
patients who were included during 13 years. Within this time period PCI procedures
and medication have changed.

In addition, we compared patients with a hospital stay of 6 days or less with those who
were admitted for 6 days or more. Particularly in low-risk patients, for whom an early
discharge at day 3 is safe and feasible, 6 days is a relatively long admission period.

We did not investigate whether patients who were eligible for early discharge really
left the hospital before day 4 or not. We did not record the reasons for prolonged
hospital stay. In addition, we had no data on morbidity during follow-up, cause of
death, or whether patients were admitted in nursing homes or not.

Patients with prolonged hospital stay are a heterogenous subset, consisting of patients
waiting for additional treatment in a generally good condition and other patients who
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are in a bad condition, in combination with a relatively small group of longer stay
patients, these facts may have influenced the non-significant outcome in I-year
survival. We intentionally excluded patients who died during admission because the
study aimed to investigate outcome of longer-stay patients.

At the time of patient inclusion, assessment of novel biomarkers such as N-terminal-
pro-brain natriuretic peptide (NT-proBNP) was not performed. Recent data have shown
that it may provide valuable short-term prognostic information in patients with acute
coronary syndrome.”'Whether measurements of NT-proBNP values can be related to
hospital length of stay is not yet investigated. We were not able to assess everything,
because many variables were not collected. Nevertheless, this should not have changed
our main conclusions, that prolonged admission is associated with higher enzymatic
infarction size and lower ejection fraction, and that prolonged admission is not
independent associated with 1-year mortality.

CONCLUSION AND CLINICAL IMPLICATIONS

Our study shows an independent association between enzymatic infarction size and low
left ventricular ejection fraction in patients undergoing primary PCI for STEMI and
length of hospital stay. Prolonged hospital stay was, however, not associated with
increased 1-year mortality. Of the predictors of prolonged hospital stay that can be
changed, TIMI flow before PCI and occurrence of major bleeding may be of
importance.
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ABSTRACT

Background. Low-risk PPCI patients could be discharged after 3 days and even earlier
as suggested by several studies. However, data concerning next day discharge in these
patients is limited. We aimed to investigate the safety and feasibility of next day
hospital discharge in low-risk patients who underwent primary percutaneous coronary
intervention (PPCI) for acute myocardial infarction (AMI).

Methods. In this prospective single-center study, low-risk PPCI patients were defined
as having a Zwolle Risk Score (ZRS) <3 and a successful PCI procedure. Patients were
discharged within 36 hours after admission and were planned for follow-up visits by
specialized nurses in the outpatient clinic at the third and fourth day after PPCI. We
evaluated the occurrence of major adverse cardiac events (MACEs), 30-day
readmission rates and 1-year survival and compared clinical outcome to matching
controls, who received traditional care.

Results. In total 231 patients were included (17% female), with a mean (£SD) age of
56+9.4 years. Mean ZRS was 1.3+1.1, indicating a low-risk population. Patients were
discharged after a mean of 1.3+0.5 days. Mean nuclear left ventricular ejection fraction
1 week after AMI was 59% (range 34—86%). No MACESs occurred within 30 days of
PPCI and readmission rate was 3.0%. One-year survival was 100%. Compared to the
short-stay patients, controls experienced a significantly longer hospital stay, although
clinical outcome was similar.

Conclusion. In low-risk PPCI patients, next day discharge is safe and feasible. This
may improve quality of life and reduce healthcare expenses.

INTRODUCTION

Since the introduction of primary percutaneous coronary intervention (PPCI) as first
choice treatment strategy for ST-elevation myocardial infarction (STEMI), length of
hospital stay decreased considerably.! Meanwhile, several studies revealed that early

> and cost effective **, without

discharge in low-risk PPCI patients is safe, feasible
impairment of quality of life or compliance, when adequate follow-up is arranged.>” In
these studies admission duration varied from 24 to 96 h, with a majority of patients
discharged within 2 to 4 days after PPCI. Present guidelines pose that it is reasonable
to discharge low-risk patients after 3 days, but optimum length of hospital stay is not
recommended.'*'" Given the fact that risk stratification as well as treatment has been

improved, optimizing length of hospital stay after PPCI is a challenging part of patient
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management. We therefore studied the safety and feasibility of a next day discharge
protocol, for low-risk STEMI patients treated with PPCI, based on the validated Zwolle
Risk Score (ZRS).

METHODS

Eligible patients

In this prospective single-center study, patients eligible for participation in the next day
discharge protocol had ST-elevation myocardial infarction and were successfully
treated with PPCI. Procedural success was assessed by the treating cardiologist and
defined as an uncomplicated procedure with restoration of flow with a sufficient
myocardial blush (thrombolysis in myocardial infarction [TIMI] 3 flow) in the area of
the infarction-related vessel.

Zwolle Risk Score for STEMI

Killip class Points Risk Score RR [95% Cl] of death by 30-D

1 o] 0-1 0.03 [ 0.008 - 0.13]
2 4 2 0.09 [ 0002 - 0.37]
3-4 9 3 1.04 [ 044 - 245]
TIMI flow post 4 1.40 [ 05 - 389]
3 0 5 248 [ 096 - 6.42]
2 6 2.52 [ 075 - 846]
0-1 2 7 5.99 [ 198 - 181 ]
Age >8 321 [186 - 558 ]
<60 0

260 2

3-vessel disease

No 0

Yes 1

Anterior infarction

No 0

Yes

Ischemia time (> 4 hours)

No 0

Yes

TOTAL SCORE 16

Figure 1. The Zwolle Risk Score (left panel) and the relative risk (RR) of 30-day mortality for
each score (right panel). CI, confidence interval; STEMI, ST-elevation myocardial infarction;
TIMI, thrombolysis in myocardial infarction.
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All procedures were performed via the femoral artery (Seldinger technique). Use of
stents and additional treatment with medication was at the discretion of the treating
cardiologist. In addition, only patients with a Zwolle Risk Score <3 were eligible for
this study. This score, assessed by a point system, has shown to be able to identify a
large group of patients at very low risk who may safely be discharged early after
PPCL.’ Very-low-risk patients are those with a score <3 (mortality rate of 0.1% at 2
days and 0.2% between 2 and 10 days, Figure 1). Finally, after discharge, eligible
patients had to live within 30 min travel time of the hospital, because of intensive
outpatient follow-up in the first days. The study (registration number
ISRCTN15017070) complies with the Declaration of Helsinki, the research protocol
was approved by the ethics committee of the Isala hospital and all participants gave
informed consent for current and future data analysis.

Next day discharge protocol

After successful PPCI, the patient was visited by a specialized nurse of the cardiac
rehabilitation department within the first 24 hours after admission. This nurse informed
the patient about the implications and consequences of having a myocardial infarction
and provided extensive discharge instructions, including life style changes, medication
use, how to recognize acute cardiac and PCI related symptoms and how to act when
symptoms occur. In addition, the patient received telephone numbers at which 24 hours
a day a specialized nurse and/or an attending physician from the cardiology department
could be reached.

Depending on the admission time, patients were discharged within 24 to 36 h after
PPCI. The first and second day after discharge (day 3 and day 4 after PPCI), patients
visited the cardiac rehabilitation department or cardiac emergency room (weekends
only) and were evaluated by the nurse or attending physician. During these outpatient
clinical visits, an ECG was performed and blood samples were taken. Also, physical
examination including blood pressure, cardiac and pulmonary auscultation, as well as
groin inspection was performed. If necessary, medication was adjusted. All patients
were treated with a B-blocker, aspirin, clopidogrel, statins and if appropriate ACE-
inhibition.

After 1 week, left ventricular ejection fraction was assessed by radionuclide ventri-
culography by using the multiple gated equilibrium method following the labeling of
red blood cells of the patient with *™Tc-pertechnate. A General Electric 300 gamma-
camera with a low-energy all-purpose parallel-hole collimator was used. Global
ejection fraction was calculated by a General Electric Star View computer, using the
fully automatic PAGE program.
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After 1 week patients also participated in the rehabilitation program which is focused
on education and actively involves patients to enhance adherence to lifestyle changes
and drug therapies. In addition, patients could take part in a supervized exercise-
training program. After 4 weeks patients visited the cardiologist at the outpatient
cardiology department. In Figure 2, the protocol is depicted schematically.

Short Stay Protocol

Day1l o
o Admission after pPCl
Day 2 Discharge
>24 h,< 48 h.
Outpatient department:
Day3 +4 blood sampling, ECG and physical
>48 h. examination
1 week Assessment nuclear EF

3+ 6+ 12 weeks

Outpatientvisit cardiologist

Figure 2. Representation of the short-stay protocol. PPCI, indicates primary percutaneous
coronary intervention; EF, ejection fraction.
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Main outcome measurement

We evaluated the occurrence of major adverse cardiac events (MACESs) defined as
death, recurrent myocardial infarction (reMI), urgent target vessel revascularization
(TVR) and (potentially) life threatening arrhythmias defined as ventricular fibrillation
(VF) or ventricular tachycardia (VT), occurring during 30-day follow-up. Patients, who
experienced any MACEs in-hospital, logically were excluded from participation in the
short-stay protocol. Also readmission rates, number of visits to the emergency ward for
any cause at 30-day follow-up and survival at 1-year follow-up were assessed.
Additionally, main outcome measures (death, reMI, urgent TVR) of the early
discharged patients were compared to a matching cohort of patients who were included
in the Zwolle myocardial infarction registry, during the same period of time and who
received traditional care.

Statistical analysis

All variables are presented as means+standard deviation (SD) or as numbers with
percentages, where appropriate. Normality of distribution was assessed and if not
normally distributed, medians were additionally reported. We used Chi-squared tests
for categoric variables, and non-parametric tests for paired observations of contineous
variables.

Control patients were matched for age, (maximum difference of 5 years), gender and
ZRS. A two-sided P value of <0.05 was considered to be statistically significant.
Statistical analysis was performed using SPSS statistical software version 24.

RESULTS

Between 2003 and 2012, 231 patients were included. Baseline characteristics of the
patients are shown in Table 1. Most patients were males (83%), with a mean age (SD)
of 56+9.4 (range 30.6—83.3) years. A history of cardiovascular disease was present in a
minority of patients (6.9%), and 86.7% of patients had >1 cardiovascular risk factors.
Mean ZRS was 1.3£1.1 (0-3), reflecting a low-risk patient population.

Patients were discharged after a mean of 1.3+0.5 days (Median 1, inter quartile range

[IQR] 1-2). Mean left ventricular ejection fraction 1 week after AMI could be assessed
in 225 patients (97.4%), and was 5948.2% (range 34—86%).
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Table 1. Baseline characteristics of 231 primary PCI patients included in the short-stay protocol

Age (years) mean+SD 56+9.4
Male gender 83%
Current smoking 51%
Diabetes mellitus 7%
Hypertension 29%
Hypercholesterolemia 23%
Family history of CAD 48%
Previous MI 5.6%
Previous CABG 0.4%
Previous PCI 6.5%

SD, standard deviation; CAD, coronary artery disease; MI, myocardial infarction; CABG, coronary artery bypass
grafting; PCI, percutaneous coronary intervention.

Table 2. Outcome data of 231 primary PCI patients included in the short-stay protocol, compared to
outcome data of the 231 patients included in the control group

Variable Case (%)* Control (%)* P value
Zwolle Risk Score, mean+SD 1.3+1.1 1.3+1.1 >0.99
Anterior infarction location 24.7 25.1 0.91
Three-vessel disease 0.4 6.5 <0.001
Ischemic time >4 h 36.4 28.1 0.06
TIMI grade 3 flow post primary PCI 98.3 95.7 0.27
Days in hospital, mean+SD 1.27+0.5 3.03+4.35 <0.001
Mean left ventricular EF(%) +SD 59+8.2 NA

MACE: (30 days) 0 0.87 0.24
Visit emergency ward (within 30 days) 4.8 NA

Hospital re-admission (within 30 days) 3.0 NA

30-day survival 100 99.6 >0.99
One-year survival 100 97.2 0.012

SD indicates standard deviation, EF; ejection fraction, MACEs; major adverse cardiac events, NA; (data) not
available.
* Were appropriate.

At 30 days after PPCI, no MACEs occurred. In addition 18 patients (7.8%) visited the
hospital. Seven of them (3.0%) had to be readmitted for several reasons. Six of these
patients had chest pain without signs of myocardial ischemia, and 1 patient suffered
pneumonia and had to be transferred to another department.

Of these 18 patients who visited the hospital, 11 patients (4.8%) could be discharged
after a few hours stay at the emergency ward, particularly because of chest pain
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without signs of myocardial ischemia at that visit (7 patients), limited groin hematoma,
not requiring intervention (2 patients) or dizziness (2 patients). One-year survival was
100%.

Compared to the matched controls, the short-stay PPCI patients had less often three-
vessel disease but tended to have longer ischemic time. In addition, admission duration
in the study patients was significantly shorter compared to the matched controls
(1.27+0.5 vs. 3.03+£4.35 days).

However, no differences in MACEs were observed. Of the controls, 2 patients (0.87%)
experienced reMI and needed urgent TVR within 30 days after admission.

Among the control patients, 83 (36%) left the hospital after 2 days. In Table 2 the
outcome data are displayed.

DISCUSSION

Our study reveals that next day discharge of low-risk PPCI patients, based on
protocolized care is safe and feasible, with excellent short- and long-term outcome.
Application of routine risk assessment and a structured discharge strategy, could
potentially further decrease length of hospital stay, possibly improving quality of life,
and reducing consumption of clinical health care resources.

Safety

The main drawback of discharging STEMI patients very early is the possible
occurrence of major adverse, potentially lethal, cardiac events that are traditionally
associated with acute myocardial infarction. Keeping the patient under observation in
the hospital for a longer period of time can prevent these potential complications.
However, since PPCI has become the first choice treatment strategy, short- and longer-
term prognosis improved, paralleled by a decrease in length of stay in hospital, which

makes early discharge of low-risk patients appealing.'®"

At present, standard
continuous rhythm monitoring after uncomplicated PPCI is performed for
approximately 24 h. After this, rhythm monitoring is mostly discarded and the further
procedure in patient management largely depends on (hospital) organization. However,
safety constitutes the key element of early hospital discharge and starts with good risk

stratification.
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Risk assessment and early discharge

One of the first larger trials in the field of risk stratification for early discharge of PPCI
patients, was the primary angioplasty in myocardial infarction II (PAMI II) study,
where it was demonstrated that low-risk patients, according to the PAMI 11 criteria (age
<70 years, left ventricular ejection fraction >45%, one- or two-vessel discase,
successful PCI and no persistent arrhythmias), who received accelerated care and who
were discharged at day 3, had similar outcome compared to patients receiving
traditional care. In this study occurrence of mortality, unstable angina, reMI, stroke and
heart failure at 6 months was similar in both groups.” Additionally, several smaller
sized studies, confirmed the safety of early discharge in comparison with traditional
care. However, most low-risk patients were discharged particularly after 48—72 h.”™
Recently, two larger scale studies reported favorable outcome in low-risk patients who
were discharged within or at 2 days.” ® Jones et al. reported a prospective analysis of
2779 PPCI patients. Of these patients, 49% met very early discharge criteria (i.e. LVEF
>40%, TIMI III flow, stable cardiac rthythm and hemodynamics stability up to 48 h),
85% of these low-risk patients were discharged at 2 days (40% of the study
population). There was no difference in 30-day outcome in terms of readmission rates
and all-cause mortality, with even a lower occurrence of MACE:s in the early discharge
group compared with patients with a longer admission period. Noman and colleagues®
reported discharge data of 2448 PPCI patients. A total of 1542 patients (63%) were
discharged within 2 days of admission and 906 patients after 2 days. Data on the
occurrence of MACEs and non-MACEs related readmission were not reported.
Although retrospectively studied, they found no mortality difference between both
groups during a mean follow up of 584 days.

Although several risk stratification strategies have been applied in short-stay studies, to
our point of view particularly a risk model that incorporates procedural variables, may
be preferable. Such a model is the validated Zwolle Risk Score (ZRS).

The Safe-Depart Trial, a smaller sized prospective study that randomly assigned low-
risk patients to early (within 72 h) discharge or traditional care was based on risk
stratification by the ZRS.” In both groups there were no differences in re-hospita-
lization, patient treatment compliance or quality of life, with zero mortality in both
groups at 6 weeks follow-up.

In our study, survival was also 100% up to 1-year follow-up with mean admission
duration of only 1.3 days, which was significantly shorter, compared to admission
duration of the controls. For the best of our knowledge, we report a study population
with one of the shortest admission durations, in a patient cohort with prospective
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follow-up. Most patients had a nearly normal left ventricular ejection fraction at 1-
week post procedure. These results reveal the prognostic importance of peri-procedural
data, which seems closely related with infarction size.

Feasibility

Although early discharge of low-risk PPCI patients is feasible, a structured discharge
policy is not present in many hospitals, given the international differences in mean
admission duration for STEMI patients and the fact that hospitals significantly vary in
admission duration of low-risk patients."”'>”'* In addition, it is estimated that at least
60 to 70% of all PPCI patients would be eligible for early discharge.™’

However, many conditions that are not related to postprocedural outcome may
influence hospital discharge policy, and may keep PPCI patients admitted to the
hospital for a longer period of time than necessary.'* Also, patients who are repatriated
early from the PCI performing center to the referring hospital, and patients admitted at
weekends tend to have longer admission duration.”” As proposed in this current report,
patient logistics could be considerably optimized by protocolized care based on early
and effective risk stratification.

Whether shortening of hospital stay would really decrease the burden of health care
costs, remains underexposed, since most short-stay studies confine their follow-up data
to mortality and MACEs and pay less attention to social circumstances and patient
compliance.

However, as shown in our present report, most study patients who made an appeal to
healthcare early after discharge by visiting the cardiac emergency department, could be
reassured. Probably, the participation of GPs in the short-stay protocol could further
prevent ‘unnecessary’ hospital visits. Therefore, early discharge may help to contain
health care costs while preserving or even improving quality of care.

Limitations

In this report, we give insight into a real life implementation of a fast-track discharge
protocol, with the largest cohort of patients who were discharged the next day after
PPCI at present and who were followed-up prospectively.

Nevertheless, we are aware of the fact that several important limitations have to be
noted. We did not randomize patients to conventional or fast track hospital care. As a
consequence, the patient population was highly selective. In addition we extensively
investigated the short-stay cases, whereas the availability of clinical outcome variables
of the control patients who came from our infarction registry, was limited to survival
and the occurrence of reMI and/or urgent TVR. Of course, discharge policy depends on
much more variables than low ZRS and occurrence of a limited compilation of adverse
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events. Furthermore, the study population is small in relation to the study period. This
can be explained by the fact that our clinic performs multiple other studies. However
we included 25-30 patients structural, every year. Therefore, data from larger cohorts
from multiple heart centers are needed before this protocol can be widely implemented.
However, this does not affect our main findings.

At present biomarkers play a role in early diagnosis and have an important prognostic
value in STEMI patients.'® Recently, we demonstrated that baseline NT-proBNP and
ZRS had comparable and synergistic prognostic value in identifying PPCI patients at
low mortality risk who could be eligible for discharge after 48 h.'” Based on ‘low NT-
proBNP’ or ‘low ZRS’, probably the number of PPCI patients eligible for early
discharge will increase.'”'®

Whether adjustment of ZRS by NT-proBNP really could improve a next day discharge
policy, deserves future investigation.

Despite excellent prognostic outcome, it must be emphasized that good patient
counseling by a specialized nurse has to be warranted in order to guarantee sufficient
attention to patient compliance, life-style, quality of life and psychological aspects.

CONCLUSION
Next day discharge (within 24-36 h after PPCI) in selected low-risk STEMI patients

based on protocolized care is safe and feasible and could be a cost-saving alternative
compared to standard care.
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ABSTRACT

Background. The Zwolle Risk Score (ZRS) identifies ST-elevation myocardial
infarction (STEMI) patients treated with primary percutaneous coronary intervention
(PPCI), eligible for early discharge. We aimed to investigate whether baseline N-
terminal pro-brain natriuretic peptide (NT-proBNP) is also able to identify these
patients and could improve future risk strategies.

Methods and Results. PPCI patients included in the On-TIME 2 study were candidates
(N=861). We analysed if ZRS and baseline NT-proBNP predicted 30-day mortality and
assessed the occurrence of major adverse cardiac events (MACEs) and major bleeding.
ROC curve analysis was used to assess discriminative accuracy for ZRS, NT-proBNP
and their combination. After multiple imputation, 845 patients were included. Both
ZRS >3 (HR 9.42, P<0.001) and log NT-proBNP (HR 2.61, P<0.001) values were
associated with 30-day mortality. On multivariate analysis, both the ZRS (HR 1.41,
95%CI 1.27-1.56, P<0.001) and log NT-proBNP (HR 2.09, 95%CI 1.59-2.74,
P<0.001) independently predicted death at 30 days. The area under the curve for 30-
day mortality for combined ZRS/NT-proBNP was 0.94 (95%CI 0.90—0.99), with
optimal predictive values of a ZRS >2 and a NT-proBNP value of >200 pg/ml. Using
these cut-off values, 64% of the study population could be identified as very low risk
with zero mortality at 30 days follow-up and low occurrence of MACEs and major
bleeding between 48 hours and 10 days (1.3% and 0.6%, respectively).

Conclusion. Baseline NT-proBNP identifies a large group of low-risk patients who
may be eligible for early (48—72 h) discharge, whereas optimal predictive accuracy is
reached by the combination of both baseline NT-proBNP and ZRS.

INTRODUCTION

In low-risk patients with ST-elevation myocardial infarction (STEMI), treated with
primary percutaneous coronary intervention (PPCI), early discharge has been proven to
be safe and feasible with good cost effectiveness.'

In order to identify PPCI patients, eligible for early discharge, the Zwolle Risk Score
(ZRS) has been developed. This validated score, assessed by a point system, was able
to identify a large group of patients at low mortality risk, who could be discharged
between 48 and 72 h after PPCL.’

For several years, the biomarkers BNP and N-terminal pro-brain natriuretic peptide
(NT-proBNP) have been frequently used, especially in the diagnosis and prognosis of
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heart failure (HF). Interestingly, these biomarkers also predict major adverse cardiac
events and mortality both early and late after STEMI and non-STEMIL.*
We studied whether baseline NT-proBNP levels could identify PPCI patients at low
risk, who may be eligible for early discharge, above and beyond the ZRS.

METHODS

Patients

Our population consists of patients with diagnosis of STEMI admitted for PPCI who
were included in the Ongoing Tirofiban in Myocardial Infarction Evaluation (On-
TIME) 2 trial,” a prospective, multicenter placebo-controlled, randomized, clinical
trial. The rationale, design and primary results of On-TIME 2 have been previously
described."' The trial is registered under No. ISRCTN06195297.

Briefly, enrollment was from June 2006 to November 2007. Eligible patients were
21-85 years of age with symptoms of acute myocardial infarction (MI) of more than
30 minutes, but less than 24 hours, and ST-segment elevation of more than 1 mV in
two adjacent ECG leads.

Exclusion criteria were severe renal dysfunction (glomerular filtration rate (GFR) <30
ml/min or serum creatinine >200 mmol/l (>2.5 mg/dl), therapy-resistant cardiogenic
shock (systolic blood pressure <80 mmHg for >30 min), persistent severe hypertension
(systolic pressure >180 mmHg or diastolic pressure >110 mmHg), or a contraindication
to anticoagulation or increased risk of bleeding. Also, patients with a left bundle branch
block, pregnant and/or breastfeeding women, and patients with a life expectancy of less
than 1 year were excluded. From each patient, a written informed consent for
participation in both the On-TIME 2 study and future data analysis was obtained. The
study protocol was approved by all local ethics committees (institutional review
boards) involved.

PROCEDURES

Treatment

All patients were planned to undergo PPCI and were initially treated according to the
On-TIME 2 study protocol and randomly assigned to (pre-hospital) treatment with
tirofiban (25 pg/kg bolus and 0.15 pg-kg™*min” maintenance infusion for 18 hours) or
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placebo. PPCI was performed with standard techniques if the coronary anatomy was
suitable for angioplasty. Additional treatment with stents and devices was to the
discretion of the treating cardiologist. All patients were treated with optimal drug-
therapy, including angiotensin-converting enzyme inhibitors, B-blockers, aspirin and a
statin. Final discharge and admission duration was to the discretion of the treating
cardiologist, irrespective of NT-proBNP values or ZRS.

Measurements

NT-proBNP plasma levels were measured (Roche, Central Hematology Laboratory,
University of Heidelberg, Germany) in each patient on admission, after sheath insertion
before PPCI was performed. For each patient the ZRS was calculated. This score,
assessed by a point system, has shown to be able to identify a large group of patients at
very low risk who may safely be discharged early after PPCL.” Very-low-risk patients
are those with a score<3 (mortality rate of 0.1% at 2 days and 0.2% between 2 and 10
days, Figure 1).

Endpoints

The primary endpoint in this study was death from any cause at 30 days. Secondary
endpoints were non-fatal MACEs and major bleeding until 10 days after admission as
potentially lethal events that would interfere with the patients’ eligibility for early
(between 48 and 72 h) and safe discharge. MACE was defined as recurrent myocardial
infarction (RMI), urgent target vessel revascularization and malignant cardiac
arrhythmias (ventricular tachycardia [VT] or ventricular fibrillation [VF]) occurring
later than 24 h after PPCI.

RMI was defined as a new increase of creatine kinase (CK)/myocardial band that was 3
or more times the upper limit of normal, present in two different blood samples and
accompanied by chest pain or ECG changes. VT (sustained or non-sustained) was
defined as a sequence of three or more ventricular beats, with a frequency >100
beats/min and was reported at the discretion of the physician.

Major bleeding was defined as either intracranial bleeding or overt bleeding with a
decrease in hemoglobin >5 g/dl (3.1 mmol/l) or a decrease in hematocrit >15%.

Statistical analysis

Patients were divided into percentiles of NT-proBNP levels at the time of admission
and according to their ZRS. We compared the predictive accuracy of the ZRS, NT-
proBNP and combined NT-proBNP / ZRS, using receiver operating characteristic
(ROC) curves. A total of 74 patients had missing values on ZRS and 36 on NT-
proBNP at baseline (three patients had missing values on both). Assuming data were
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missing at random, a multiple missing value imputation procedure was applied in
which the values of the NT-proBNP and the values of the elements of the ZRS were
imputed in case they were missing (PROC MI; SAS version 9.2; SAS Institute Inc.,
Cary, NC, USA). The ZRS score was calculated from the individually imputed scores.

The following predictor variables were used for the multiple imputation: randomization
to tirofiban or placebo, Killip Class, gender, age, a history of diabetes, smoking,
anterior infarction location, TIMI post procedure, ischemic time, heart rate, cardiac
troponin baseline, cardiac troponin 18—24 h, cardiac troponin 72—96 h, NT-proBNP
baseline, NT-proBNP 18-24 h, NT-proBNP 72-96 h, peak CK, cumulative ST
deviation 30—180 min post PPCI, death after 30 days, vessel disease (single-vessel
disease, two-vessel disease, three-vessel disease or left main disease), duration of
hospital stay and glomerular filtration rate.

Zwolle Risk Score for STEMI

Killip class Points Risk Score RR [95% Cl] of death by 30-D

1 0 0-1 0.03 [ 0.008 - 0.13]
2 4 2 0.09 [ 0002 - 037]
3-4 9 3 1.04 [ 044 - 245]
TIMI flow post 4 1.40 [ 05 - 3.89]
3 0 5 2.48 [ 096 - 6.42]
2 1 6 2.52 [ 075 - 846 ]
0-1 2 7 5.99 [ 198 - 18.1 ]
Age >8 321 [186 - 558 ]
<60 0

260 2

3-vessel disease

No 0

Yes 1

Anterior infarction

No 0

Yes 1

Ischemia time (> 4 hours)

No 0

Yes 1

Figure 1. The Zwolle Risk Score (left panel) and the relative risk (RR) of 30-day mortality for
each score (right panel). CI, confidence interval; STEMI, ST-elevation myocardial infarction;
TIMI, thrombolysis in myocardial infarction.
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We generated 10 datasets and the results of all statistical analyses were pooled across
the 10 data sets using the corresponding pooling procedure in SPSS or SAS. We
calculated the SD of imputed variables in the baseline table by multiplying the
estimated SE by the square root of N.
The correlation between NT-proBNP and ZRS was calculated using Spearman’s
correlation coefficient. Multivariate Cox's regression analysis was used to estimate the
influence of NT-proBNP and ZRS on 30-day mortality. We adjusted for randomization
(tirofiban or placebo), gender, age, renal function (GFR, ml/min), and body mass index
(BMI) in a backward Cox's regression with a P value of 0.05 for entry or exit of the
variables in the model. All statistical analyses were performed using SPSS (version 19;
SPSS, Inc., Chicago, IL, USA). A two-sided P value of <0.05 was considered
statistically significant. To perform an analysis using ZRS and NT-proBNP together,
we calculated weighted scores for each as follows:

(B1 x ZRS) + (B2 x In NT-proBNP),
where B1 and B2 denote B coefficients for the ZRS and log NT-proBNP obtained from
the multivariate Cox's regression model. Because NT-proBNP was not normally
distributed we used logarithmically transformed values. We used ROC-curves to define
optimal cut-off values in estimating mortality outcomes for ZRS, NT-proBNP and the
combination of both. We calculated the pooled areas under the curve (AUC) and 95%
confidence intervals (CIs) by averaging over the 10 AUCs from the imputed data sets
using Rubin’s rule.'” AUCs were compared in SAS using PROC Logistic and the
results were pooled across imputations using Rubin’s rule in order to obtain Wald
statistics and corresponding P values. In Rubin’s rule, the overall estimate is the
average of the individual estimates, and the overall SE is a function of the within-
imputation variance and the between-imputation variance. The cut-off scores were
obtained from the mean scores across the 10 datasets, which gave the highest
specificity in combination with 100% sensitivity (e.g., zero mortality).
In order to calibrate the prediction models, we used logistic regression models. The raw
scores of ZRS and NT-proBNP separately, ZRS and NT-proBNP together, and the
linear combination of ZRS and NT-proBNP, respectively, were entered into a logistic
regression model with 30-day mortality as the dependent variable. This was done for
each of the imputed datasets using the pooling procedure in SPSS. Because we have 10
imputed data sets, this gives 10 P values per analysis. If a P value is small, this is
indicative of a lack of fit of the model. All statistical analyses were performed using
SPSS (version 19) or SAS (version 9.2).

47



Added value of NT-proBNP to the Zwolle Risk Score

RESULTS

During the study period, 984 patients were admitted with the diagnosis of STEMI. A
total of 861 patients underwent PPCI. Baseline characteristics of the whole study
population have been previously reported.”” Thirty-day follow-up was present in 845
patients of whom 738 patients had a valid value for both the ZRS and baseline NT-
proBNP. Based on analysis with imputation of missing data, the ZRS was calculated
from baseline characteristics at presentation and ranged from 0 points to 15 points
(mean£SD of 2.34+2.14 points). Of the 845 patients, 679 patients (80%) were in the
very-low ZRS group (previously defined as ZRS<3). The baseline NT -proBNP values
in the total cohort ranged from 9 to 33927 pg/ml (mean+SD of 599+1883), with a
median of 138 pg/ml. Median time from onset of ischemic symptoms to PPCI was 167
min (mean£SD of 238+252 min). The 25™ and 75" percentile values of NT-proBNP
were 60 and 355 pg/ml, respectively. In Table 1, baseline characteristics according to
the NT-proBNP percentiles are given for patients below, respectively, above the 60"
percentile of NT-proBNP values (NT-proBNP value = 198). We chose this cut-off
point because all fatal cases had a NT-proBNP value above the 60" percentile. In
comparison to the lower percentiles, patients above the 60" percentile were older; more
often had diabetes, hypertension, a history of previous angina and a history of previous
myocardial infarction. In addition, patients with a NT-proBNP above the 60™ percentile
had a higher systolic blood pressure, higher Killip Class, higher hemoglobin level,
higher levels of troponin and a higher ZRS.

At 30 days of follow-up, 21 patients had died. Mortality in patients with ZRS<6 was
significantly lower in comparison with those with ZRS >6 (1.1% versus 28.6%;
P<0.001).

Among the patients with ZRS <3 (previously defined as a very low-risk group), 30-day
mortality was 1.0% (0.1% at 2 days and 0.6% between 2 and 10 days). In patients with
NT-proBNP levels below the 90™ percentile, mortality was significantly lower in
comparison with NT-proBNP levels above the 90" percentile (0.7% vs. 19.0%,
P<0.001). In the 21 mortality cases, median NT-proBNP was 2171 pg/ml (ranging
from 213-33.927 pg/ml; interquartile range 1512—3620). We found a significant
correlation between ZRS and NT-proBNP (Spearman’s correlation of 0.419, P<0.001).
In Figure 2, 30-day mortality by quartiles of NT-proBNP and the Zwolle Risk Score is
depicted. In uni- and multivariate analysis, both baseline NT-proBNP and ZRS were
strongly predictive for 30-day mortality. After adjustment for renal function, BMI
(kg/m®), gender, age and randomization to tirofiban or placebo, the main results of the
multivariate analysis did not differ from the univariate results.

48



Chapter 4

Table 1. Baseline characteristics of the included patients in the imputed dataset (N=845) according to
the 60th percentile of baseline NT-proBNP

Variable 0-60™ percentile 60-100™ percentile P value
(N=507) (N=338)

Age (years) mean+SD 58.66+10.54 67.02+11.13 <0.001
Male gender 427/507 (84.2%) 215/338 (63.6%) <0.001
Current smoking 272/506 (53.8%) 137/336 (40.8%) <0.001
Diabetes mellitus 37/506 (7.3%) 53/338 (15.7%) <0.001
Hypertension 129/507 (25.4%) 153/338 (45.3%) <0.001
Hypercholesterolemia 121/506 (23.9%) 101/338 (29.9%) 0.054
Family history 211/503 (41.9%) 129/335 (38.5%) 0.320
Prior angina 42/505 (8.3%) 62/336 (18.5%) <0.001
Previous MI 30/506 (5.9%) 39/337 (11.6%) 0.003
Previous PTCA 35/507 (6.9%) 35/338 (10.4%) 0.075
Previous CABG 7/507 (1.4%) 5/338 (1.5%) >0.99

Previous CVA 7/507 (1.4%) 8/338 (2.4%) 0.288
Systolic blood pressure mean+SD 128.03+£22.15 134.70+£26.52 <0.001
Diastolic blood pressure mean+SD 76.34+14.19 76.92+16.22 0.588
Killip Class >1 15/507 (3.0%) 26/338 (7.7%) 0.002
Hemoglobin (mmol/l) mean+SD 9.314+4.12 9.76+10.13 0.001

Troponin (pg/l) mean+SD 0.17+0.63 0.68+1.77 <0.001
Zwolle Risk Score mean+SD 1.76£1.57 3.214£2.53 <0.001

All values are denoted as mean+SD or absolute numbers and their percentages of the total group, where
appropriate. CABG, coronary artery bypass grafting; CVA, cerebrovascular accident; MI, myocardial infarction;
NT-proBNP, N-terminal pro-brain natriuretic peptide; PTCA, percutaneous transluminal coronary angioplasty.

30-day mortality

20%
18%
16%
14%
12%
10%
8%
6%
4%
2%
0%

& Quartile 4
.\@’ Quartile 3
NS Quartile 2

3 Quartile 1
>4

ZRS

Figure 2. Thirty-day mortality (%) by quartiles of NT-proBNP and the Zwolle Risk Score (ZRS) in
ST-elevation myocardial infarction patients after primary percutaneous intervention. NT-proBNP,
N-terminal pro-brain natriuretic peptide.
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Predictive accuracy for 30-day mortality of ZRS, baseline NT-proBNP and

combined use

We compared the predictive accuracy for 30-day mortality of the ZRS, baseline NT-
proBNP and combined use of baseline NT-proBNP/ZRS by means of ROC curves
(Figure 3). The weighted linear combination of baseline NT-proBNP and ZRS, with
the weights obtained from the multivariate Cox's regression model, demonstrated the
best discriminatory accuracy in predicting 30-day mortality, with an AUC of 0.94
(95%CI 0.90—0.99). Interestingly, the AUC for baseline NT-proBNP was larger than
the AUC for the ZRS, (0.91 [95%CI 0.86—0.96] and 0.87 [95% CI 0.79-0.95],
respectively) although the difference was not significant; P=0.34). The AUC for the
weighted linear combination of ZRS/NT-proBNP was higher when compared with
ZRS (0.94 vs. 0.87 [95%CI 0.79-0.95]; P=0.023), and when compared with NT-
proBNP (0.94 vs. 0.91 [95%CI 0.86—0.96]; P=0.028). The results of the calibration of
the models were good: the Chi-square for the Hosmer and Lemeshow's goodness-of-
fit test was not significant, with all P values greater than 10%.

Sensitivity

Figure 3. ROC Curves of NT-
proBNP and the Zwolle Risk Score

ZRS

NT-proBNP in assessing 30-day mortality after
-~ Combination . . .
primary percutaneous intervention
00 ; ; - ; in ST-elevation myocardial infarc-
0.0 0.2 0.4 0.6 0.8 i . . . .
1- Specificity tion patients. AUC indicates area
) AUC  95%Cl  p-value under the curve; CI, confidence
Zwolle Risk Score (ZRS) 0.87 0.79-0.95 p<0.001 . .
NT-proBNP ) o 091  086-09 p<0001 interval; NT-proBNP, N-terminal
NT-proBNP/ Zwolle Risk Score (Combination) 0.94 0.90-0.99 p<0.001 K ! A A
pro-brain natriuretic peptide; ROC,
NTPROBNP versus ZRS p=0.344 N N -
NTPROBNP versus combination p=0.028 receiver operating characteristic.

ZRS versus combination p=0.023
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Table 2. Cut-off values for ZRS, NT-proBNP and combination of ZRS/NT-proBNP

Cut-off value Sensitivity Specificity (95%CI)
ZRS <2 1.00 0.39 (0.35-0.42)
NT-proBNP <200 pg/ml 1.00 0.62 (0.58-0.65)
Combination ZRS <2 1.00 0.70 (0.67-0.73)
(serial) or

NT-proBNP <200 pg/ml

P values between specificities: ZRS —NT-proBNP: Chi’=113.65, df=2, P<0.001.
ZRS-Combination: Chi?=256, df=2, P<0.001.
NT-proBNP-Combination: Chi*=65, df=2, P<0.001.

When we excluded the 110 patients with imputed values, the results were comparable
to the results of the imputed data set. The AUC for Zwolle Risk Score was 0.84
(95%CI 0.75—0.94) as compared to AUC=0.87 (95%CI 0.79-0.95) in the imputed data
set. The AUC for NT-proBNP was 0.92 (95%CI 0.87-0.97) as compared to AUC=0.91
(95%CI 0.86—0.96) in the imputed data set and AUC for the combination of ZRS and
NT-proBNP was 0.94 (95%CI 0.89—0.99) as compared to AUC=0.94 (95%CI
0.94-0.99) in the imputed data set.

Subsequently, we determined optimal predictive values for ZRS and NT-proBNP and
the serial combination of the two tests, based on 100% sensitivity (and thus 100%
survival), with the aim to identify a large group low-risk patients, suitable for very
early discharge. In Table 2, cut-off values with optimal predictive accuracy are given.
It is shown that NT-proBNP <200 pg/ml was able to classify 60% of the study
population as very low risk, with zero mortality. In a serial test combination of both
ZRS and NT-proBNP, this was as high as 68%.

Based on this serial test combination we created a decision rule implying that low-risk
patients, eligible for early discharge, are those with ZRS <2 or baseline NT-proBNP
<200 pg/ml.

Feasibility and safety of early discharge in low-risk patients according to

the decision rule

MACESs within 2 days after admission occurred significantly less frequently in low-risk

patients than in the higher-risk group (32 [5.6%] of 575 vs. 29 [10.7%] of 270

P=0.007). Major bleeding occurred in 8 versus 6 patients, respectively (1.4% vs. 2.2%,

P=0.39). Of the 32 low-risk patients experiencing MACEs within 2 days after PPCI, 13

patients (40.6%) had RMI and/or target vessel revascularization and 19 (59.4%), had
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VT resulting in VF in one patient. Patients experiencing MACEs and major bleeding,
totaling 37 patients, would be excluded for potential early discharge. Thus, 538 patients
would have been eligible for very early discharge at 48 h after PPCI. This accounts for
64% of the study population. Between 48 h and 10 days after PPCI, 1.7% experienced
an adverse event. MACEs occurred in 7 (1.3%) patients and major bleeding occurred in
3 (0.6%). In 1 patient both events occurred. Therefore, 9 (1.7%) readmissions within
10 days after PPCI would have been expected.

Of the patients with MACEs, two developed a malignant cardiac arrhythmia requiring
cardioversion or defibrillation (one patient at day 5 and the other patient at day 8 after
PPCI). Because these events would have been potentially lethal in an outpatient setting,
we looked at these patients in detail and noticed severe noncardiac comorbidity before
VT/VF occurred in one patient. The other patient who was in a clinical good condition,
had unexpected VF without signs of RMI or HF despite low ZRS (1 point) and baseline
NT-proBNP (20 pg/ml) and a left ventricular ejection fraction >35%. This patient was
discharged after placement of an implantable cardioverter defibrillator (ICD).

PPCI patients
N=845
(100%)

Baseline NT-proBNP< 200
Or
ZRS< 2

Yes
N=575
(XA

Standard
MACE and major bleeding at 0-48 h. > care

No Standard
N=538 care
(63.7%)
Follow-up 48h-10days:

: Not free of events: N=9 (1.1%)
Eligible for early §  MACE N=7 (0.8%)
discharge at 48-72 h. Major bleeding N=3 (0.4%)
Event free: N=529 (62.6%)

Figure 4. Feasibility of early discharge in 845 PPCI patients based on ZRS <2 or NT-proBNP
<200 pg/ml. MACE, major adverse cardiac event; NT-proBNP, N-terminal pro-brain natriuretic
peptide; PPCI, primary percutaneous coronary intervention; ZRS, Zwolle Risk Score.
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MACESs or major bleeding later than 10 days after PPCI occurred in 5 (0.9%) of the
low-risk patients, but these events probably could not have been prevented by initially
longer hospitalization. In conclusion, based on the occurrence of MACEs and major
bleeding, 538 patients (64% of the study population) could have been discharged 48 h
after PPCI, without mortality, and with low frequency of MACEs (1.3% of low-risk
patients eligible for very early discharge) and/or major bleeding (0.6% of low-risk
patients eligible for very early discharge, see Figure 4).

DiscussioN

Our study reveals that baseline NT-proBNP values predict 30-day mortality in patients
with STEMI, treated with PPCI independently and even more strongly than ZRS alone.
However, optimum predictive value was reached by a serial test combination, where
NT-proBNP (<200 pg/ml) or ZRS (<2) were able to identify a large group of patients
(68% of the study population), with zero mortality at 30-day follow-up. Approximately
64% of the patients in our population would probably have been eligible for early
discharge, with very low risk of MACEs (including malignant ventricular arrhythmias)
and bleeding during the first 10 days after admission.

Early discharge after PPCI

Since the introduction of PPCI, length of stay in hospital for patients with STEMI has
been reduced considerably. Present guidelines now recommend that it is reasonable to
discharge low-risk PPCI patients early (after approx. 72 h), providing rehabilitation and
follow-up are properly arranged.'®

Although several studies have shown that early discharge, particularly within 4872 h,
is safe, feasible and cost effective in uncomplicated PPCI patients,'° large randomized
trials, applying a structured risk strategy prospectively, are still scarce.

Traditionally, STEMI has been associated with severe cardiac complications, such as
heart failure, malignant ventricular arrhythmias, mechanical complications and of
course reinfarction resulting from target segment-related reocclusion or acute stent
thrombosis. In addition, several non-cardiac complications such as severe (groin)
bleeding, thrombo-embolic complications or contrast agent-mediated nephropathy may
occur. The possible occurrence of any of the complications mentioned above
necessitates close monitoring at a coronary care unit for the first 24 to 48 hours of
admission. In this setting, efforts to assess the moment and safety of discharge are
often postponed until the moment that the patient can be moved to the cardiology ward.
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Risk stratification

In the current PPCI era, several risk strategies to identify STEMI patients eligible for
carly discharge have been proposed.'”™’ The validated and accepted ZRS incorporates
procedural factors and baseline clinical patients characteristics, without the use of time-
consuming imaging modalities. This relatively simple tool was efficient in identifying
74% of the PPCI patients at a very low mortality risk (0.2%) within 2 tol10 days.
Approximately 61% of these patients would be eligible for discharge at 48—72 h.” In
our study, baseline NT-proBNP was also strongly predictive for 30-day mortality, with
a higher hazard ratio than the ZRS in multivariate analysis. Moreover baseline NT-
proBNP had a highly predictive accuracy with an AUC higher (although not reaching
significance) than for the ZRS. Previous studies already suggested that in STEMI
patients, NT-proBNP, drawn within 24 h of the onset of chest pain, is more accurate in
predicting mortality at 9 months than the Thrombolysis in Myocardial Infarction
(TIMI) risk score.'> Even the final PCI result in terms of TIMI flow and occurrence of
the no-reflow phenomenon could be predicted by baseline levels of BNP or NT-
proBNP."?

In contrast with our previous report,” we did not accept any mortality when defining
cut-off values, given that mortality is unacceptable when searching for a reduction in
hospital stay. Furthermore, we found a slightly higher mortality rate between 2 and 10
days (0.6% versus 0.2%) for ZRS <3. We therefore set the cut-off level at a ZRS of <2.
None of the fatal cases in the study population had low baseline NT-proBNP (all >200
pg/ml), and the mean NT-proBNP for fatal cases was as high as 4606 pg/ml.

At present it has been suggested that in just 30—40% of low-risk PPCI patients,

discharge within 4 days is really effectuated.”'**

This may be improved by an
additional simple baseline NT-proBNP determination. Given our study results and the
fact that biomarkers are more widely implemented at present, one could question
wether ZRS could be replaced by simple baseline NT-proBNP assessment.
Alternatively, risk stratification could be optimized by the combination of ZRS and
NT-proBNP, and a larger group of patients could be targeted for early and safe

discharge, as we have shown in our results.

Safety issue

Since the introduction of the ZRS, PPCI techniques and accompanying peri-procedural
pharmacological treatment have been further improved. This has led to a decrease in
ischemic time, higher rates of TIMI III flow before and after PPCI, improvement of
myocardial blush grades'™ *** and a decrease of major bleeding.”> As a consequence,
more patients will potentially be eligible for leaving the hospital safely, at an early
stage.
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Although the risk of mortality is an important factor in the identification of PPCI
patients, when assessing for eligibility for early discharge, non-fatal MACEs, major
bleeding and malignant ventricular arrhythmias are conditions to be accounted for. This
diversity of contraindications can neither be predicted by ZRS, nor by baseline NT-
proBNP, but as we have shown, the frequencies of MACEs and major bleeding are
very low in patients with baseline NT-proBNP <200 pg/ml or ZRS <2. Moreover, these
simple cut-off values could facilitate early discharge of a large group of patients, at the
cost of only few readmissions.

Limitations

First of all the sample size for a study of this sort is relatively small as well as the
number of deaths. These small numbers may limit the strength of the conclusions.
Moreover several limitations in our methods have to be noted: Although in every
patient baseline NT-proBNP values were assessed by protocol, the ZRS was calculated
afterward.

However, all patients and outcome measures were monitored longitudinally. NT-
proBNP levels were drawn at variable periods after onset of symptoms. This variability
is accounted for by the ZRS, which is partially based on ischemic time. Based on the
exclusion criteria, patients with higher Killip Class, elderly patients and young women
were not included in the study.

We imputed missing values in order to have either a complete ZRS (74 patients) or
NT-proBNP (36 patients). The reason for this was that when we would exclude the
patients with a missing value on ZRS and/or NT-proBNP, we would miss 4 of 21 cases
of death. When we excluded the 110 patients with imputed values, the results were
comparable to the results of the imputed dataset.

Although we succeeded in demonstrating the predictive accuracy and additional value
of the assessment of baseline NT-proBNP values, we did not effectuate hospital
discharge after 48 h. Also we did not study the effect of real hospital length of stay on
30-day mortality, although most patients (80%) were at low mortality risk according to
the ZRS.

Prospective validation is therefore warranted in future studies, using the presently
defined cut-off values. Furthermore, the predictive value of consecutive NT-proBNP
levels, during and after PPCI, should be evaluated in order to optimize early discharge
policy in successfully treated STEMI patients.
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CONCLUSION

Baseline NT-proBNP is highly predictive for short-term mortality in PPCI patients and
identifies a large group of very-low-risk patients (i.e., zero mortality at 30 days). These
patients are potentially eligible for early discharge (48 h after successful PPCI), with
very low rate of non-fatal MACEs and major bleeding up to 10 days after admission.
Optimal predictive accuracy is reached by the combination of both ZRS <2 and
baseline NT-proBNP <200 pg/ml.
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Chapter 5

ABSTRACT

Background. The Zwolle Risk Score (ZRS) identifies primary percutaneous coronary
intervention (PPCI) patients at low mortality risk, eligible for early discharge.
Recently, this score was improved by adding baseline N-terminal pro-brain natriuretic
peptide (NT-proBNP). However, the optimal timepoint for NT-proBNP measurement
is unknown.

Methods. PPCI patients in the On-TIME 2 study were candidates. The ZRS and NT-
proBNP levels on admission, at 18—24 h, at 72—96 h, and the change in NT-proBNP
from baseline to 18—24 h (delta NT-proBNP) were determined.

We investigated whether addition of the different NT-proBNP measurements to the
ZRS improves the prediction of 30-day mortality. Based on cut-off values reflecting
zero mortality at 30 days, patients who potentially could be discharged early were
identified and occurrence of MACEs and major bleeding until 10 days was registered.
Results. 845 patients were included. On multivariate analyses, NT-proBNP at baseline
(HR 2.09, 95%CI 1.59-2.74, P<0.001), at 18—24 h (HR 6.83, 95%CI 2.94—15.84), and
at 72-96 h (HR 3.32, 95%CI 1.22-9.06) independently predicted death at 30 days.
Addition of NT-proBNP to the ZRS improved prediction of mortality, particularly at
18—24 h (net reclassification index 29% P<0.0001, integrated discrimination
improvement 17% p<0.0001). Based on ZRS (<2) or NT-proBNP at 18—24 h (<2500
pg/ml) 75% of patients could be targeted for early discharge at 48 h, with expected
readmission rates of 1.2% due to MACEs and/or major bleeding.

Conclusions. NT-proBNP at different timepoints improves prognostication of the ZRS.
Particularly at 18—24 h post PPCI, the largest group of patients that potentially could be
discharged early was identified.

INTRODUCTION

Primary percutaneous coronary intervention (PPCI) substantially improved outcome in
patients with ST-elevation myocardial infarction (STEMI), which has been paralleled
by a decrease in hospital length of stay.'” In addition several studies have
demonstrated that most low-risk PPCI patients are eligible candidates for early
discharge.”™"

The Zwolle Risk Score (ZRS) is a simple tool designed to identify PPCI patients who
can be safely discharged within 72 h, based on their 30-day mortality risk.' In patients
with a score <3 (low risk) the mortality rate was 0.1% at 2 days and 0.2% between 2
and 10 days and early discharge between 48—72 h could be applied in slightly more
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than 60% of patients (Figure 1) Recently we demonstrated that the predictive accuracy
of the ZRS was improved by adding baseline NT-proBNP.' In this report we studied
the value of NT-proBNP measurement at different timepoints over and beyond the ZRS.

METHODS

Patients

Our study population consists of patients with the diagnosis of STEMI admitted for
PPCI, who were included in the Ongoing Tirofiban in Myocardial Infarction
Evaluation (On-TIME) 2 trial.” The rationale, design and primary results of this
multicenter placebo controlled, randomized clinical trial have been previously
described."'*

Zwolle Risk Score for STEMI

Killip class Points Risk Score RR [95% Cl] of death by 30-D

1 0 0-1 0.03 [ 0008 - 0.13]
2 4 2 0.09 [ 0.002 - 0.37]
3-4 9 3 1.04 [ 044 - 245]
TIMI flow post 4 1.40 [ 05 - 3.89]
3 5 2.48 [ 096 - 642]
2 6 2.52 [ 075 - 846]
0-1 2 7 5.99 [ 198 - 181 ]
Age >8 32.1 [186 - 55.8 ]
<60

260

3-vessel disease

No 0

Yes

Anterior infarction

No 0

Yes

Ischemia time (> 4 hours)

No 0

Yes 1

TOTAL SCORE 16

Figure 1. Zwolle Risk Score (left panel) and the relative risk (RR) of 30-day mortality for each score
(right panel). CI indicates confidence interval; STEMI, ST-elevation myocardial infarction; TIMI,
Thrombolysis in Myocardial Infarction.
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Briefly, enrollment was from June 2006 to November 2007. Eligible patients were
aged 21 to 85 years with symptoms of acute myocardial infarction of more than 30
minutes but less than 24 hours and ST-segment elevation of more than 1 mV in two
adjacent electro-cardiograph (ECG) leads.

Exclusion criteria were severe renal dysfunction (glomerular filtration rate [GFR] <30
ml/min or serum creatinine >200 mmol/l (>2.5 mg/dl), therapy-resistant cardiogenic
shock (systolic blood pressure <80 mmHg for >30 min), persistent severe hypertension
(systolic blood pressure >180 mmHg or diastolic blood pressure >110 mmHg), or a
contraindication to anticoagulation, or increased risk of bleeding. Also, patients with
left bundle branch block, pregnant and/or breastfeeding women, and patients with a life
expectancy of less than 1 year were excluded. Written informed consent for
participation in both the On-TIME 2 study and future data analysis was obtained from
each patient. All local ethics committees involved approved the study protocol.

PROCEDURES

Treatment

All patients were planned to undergo PPCI and were initially treated according to the
study protocol, randomly assigned to (pre-hospital) treatment with tirofiban (25 pg/kg
bolus and 0.15 pg/kg/min maintenance infusion for 18 h) or placebo. PPCI was
performed with standard techniques if the coronary anatomy was suitable for
angioplasty. All patients were treated with optimal drug therapy. Final discharge and
duration of admission was to the discretion of the treating cardiologist, irrespective of
NT-proBNP values or ZRS.

Measurements

NT-proBNP plasma levels were measured in each patient on admission (after sheath
insertion), at 18—24 h and at 72—96 h after PPCI.

NT-proBNP plasma levels were measured by an electrochemiluminiscence
immunoassay ‘ECLIA’ on an Elecsys 2010 analyser (Roche, Central Hematology
Laboratory, University of Heidelberg, Germany). The ZRS was calculated afterwards
in each patient.

Endpoints

Endpoints were chosen by the ability to preclude early and safe discharge. We took two
periods of time: at 48 h (after 2 days) and at 96 h after PPCI (after 3 days as
recommended in present guidelines).'”
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The primary endpoint was death from any cause at 30 days after withdrawal of blood
from which the NT-proBNP level was determined. Secondary endpoints were non-fatal
major adverse cardiac events (MACEs) and major bleeding until 10 days after
admission. MACEs were defined as recurrent myocardial infarction (RMI), urgent
target vessel revascularization and malignant cardiac arrhythmias occurring later than
24 h after PPCI, defined as ventricular fibrillation (VF) or sustained and non-sustained
ventricular tachycardia (VT). Major bleeding was defined as either intracranial
bleeding or overt bleeding with a decrease in hemoglobin >5 g/dl (>3.1 mmol/l) or a
decrease in hematocrit >15%.

Statistical analysis
Patients were categorized by percentiles of NT-proBNP levels. We assessed the
predictive value of the ZRS, serial NT-proBNP levels and the absolute change of NT-
proBNP levels from baseline to 18—24 h (delta NT-proBNP) for the primary endpoint.
We computed and plotted receiver operating characteristic (ROC) curves. A total of 74
patients had missing values of ZRS and 36 patients did not have baseline NT-proBNP
levels. Three patients had missing values of both ZRS and baseline NT-proBNP. A
multiple missing value imputation procedure was applied in which the values of the
NT-proBNP levels and the values of the elements of the ZRS were imputed in case
they were missing.
We generated 10 datasets and the results of all statistical analyses were pooled across
the 10 datasets. Multivariate Cox’s regression analysis was used to estimate the
influence of NT-proBNP and ZRS on 30-day mortality. We adjusted for
randomization, gender, age, renal function (estimated GFR in ml/min), and body mass
index (BMI) in a backward Cox regression with a P value of 0.05 for entry or exit of
the variables in the model.
We computed the Net Reclassification Index (NRI) and the Integrated Discrimination
Improvement (IDI) to evaluate models with an extra predictor relative to a model with
the ZRS alone.” The IDI combines the increase in mortality probability for those
experiencing an event plus the decrease in mortality probability for those not
experiencing an event. The NRI quantifies the net proportion of subjects getting
correctly reclassified to low or high mortality probabilities when adding a predictor to
the model using a cut-off point of 30%.
To analyse models using a linear combination of ZRS and NT-proBNP, we calculated
weighted scores for each as follows:

(Bl x ZRS) + (B2 x In NT-proBNP),
where B1 and B2 denote B-coefficients for the ZRS and log NT-proBNP obtained from
the multivariate Cox's regression model. We used ROC-curves to define optimal cut-
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off values in estimating mortality outcomes. We calculated the pooled areas under the
curve (AUC) and 95% confidence intervals by averaging over the 10 AUCs from the
imputed datasets using Rubin’s rule.'® The cut-off values and scores for defining
possible early discharge were obtained from the mean scores across the 10 datasets,
which gave the highest specificity in combination with a 100% sensitivity for the
primary endpoint (e.g., zero mortality 30 days after PPCI). A two-sided P value of
<0.05 was considered to be statistically significant. The analyses were performed in
SPSS version 22 and SAS version 9.3.

Table 1. Baseline characteristics of the study group

Variable Total (N=845) %
Age (years) mean+SD 62.0+11.5 -
Male gender 642 (76.0)
Current smoking 409 (48.4)
Diabetes mellitus 90 (10.7)
Hypertension 282 (33.4)
Hypercholesterolemia 222 (26.3)
Family history 340 (40.2)
Prior Angina 104 (12.4)
Previous MI 69 (8.2)
Previous PTCA 70 8.3)
Previous CABG 12 (1.4)
Previous CVA 15 (1.8)
Systolic blood pressure mean+SD 130.70+24.21 -
Diastolic blood pressure mean+SD 76.57+15.03 -
Killip Class >1 41 (4.9)
Hemoglobin (mmol/l) mean+SD 9.49+7.16 -
Troponin (pg/l) mean+SD 0.37£1.24 -
Zwolle Risk Score mean=SD 2.34+2.13 -
Hospital stay (days) +SD 4.89+5.64 -
EF <30% 41 (6.2)
EF 30-40% 130 (19.8)
EF >40% 486 (74.0)

All values were denoted as mean+standard deviation (SD) or absolute numbers and their percentages of the total
group, where appropriate. MI indicates myocardial infarction; PTCA, percutaneous transluminal coronary
angioplasty; CABG, coronary artery bypass grafting; CVA, cerebrovascular accident; EF, ejection fraction.
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RESULTS

A total of 861 patients underwent PPCI. Complete follow-up was present in 845
patients. Baseline characteristics are shown in Table 1. The mean age was 62 years and
76% were male. Most patients had low Killip Class with post PPCI ejection fraction
>40%. Mean hospital stay was 4.89 days.

Baseline NT-proBNP values ranged from 9 to 33,927 pg/ml (mean+SD of 599+1883
pg/ml) with a median of 138 pg/ml. At 1824 h and 72-96 h, NT-proBNP was
determined in 786 and 768 patients, respectively, and ranged from 45 to 20,653 pg/ml
(meantSD of 2089+2738 pg/ml, median 1283 pg/ml) and 17 to 24,119 pg/ml
(mean+SD of 1618+2556 pg/ml, median 860 pg/ml), respectively.

The primary endpoint was reached in 21 patients. In uni- and multivariate analysis,
ZRS and NT-proBNP measured at the different timepoints, but not delta NT-proBNP,
were strongly associated with 30-day mortality (Table 2).

Predictive value of ZRS and the NT-proBNP measurements on 30-day mortality
The AUCs for ZRS and NT-proBNP at the different timepoints ranged from 0.74—0.87
and 0.87—0.94, respectively. The AUC for delta NT-proBNP was relatively low: 0.74
(95% CI 0.48—0.99). Adding NT-proBNP to the ZRS enlarged the AUCs at all
timepoints with the largest area at 18—24 h. In addition, also the highest NRI was
acquired by NT-proBNP at 1824 h. The integrated discrimination improved
significantly after addition of NT-proBNP (Table 3).

Cut-off values and potential early discharge

Optimal cut-off values were defined (sensitivity 100%). For NT-proBNP at 1824 h
and at 72—96 h, these were <2500 pg/ml and <1050 pg/ml, respectively. Interestingly,
the cut-off value of the ZRS had to be <2. Based on the serial test combination, we
created decision rules implying that low-risk patients, eligible for early discharge at 48
h after PPCI had to meet a ZRS<2 or NT-proBNP <2500 pg/ml, withdrawn at 18-24 h
after PPCI (Group 1). Patients eligible for discharge at 96 h after PPCI had to meet a
ZRS <2 or NT-proBNP <1050 pg/ml, withdrawn at 72—96 h after PPCI (Group 2).

In group 1, 639 patients met the low-risk criteria and 147 patients were at higher risk
(75.6% and 17.3% of the total study population, respectively).
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Table 3. Prognostic accuracy of ZRS and NT-proBNP in predicting 30-day mortality at the different
timepoints

AUC 95%CI NRI P IDI P
(%) value (%) value
Baseline ZRS 0.87 0.79-0.95 - - - -
NT-proBNP 0.91 0.86—0.96 - - - -
ZRS + NT- 0.94 0.90-0.99 9.82  <0.0001 11.39  <0.0001
proBNP
1824h ZRS 0.82 0.70—0.94 - - - -
NT-proBNP 0.94 0.90-0.99 - - - -
ZRS + NT- 0.94 0.88—0.99 29.28  <0.0001 17.10  <0.0001
proBNP
72-96h ZRS 0.74 0.54-0.94 - - - -
NT-proBNP 0.87 0.72-1.00
ZRS + NT- 0.87 0.71-1.00 21.93  0.0046 7.46  <0.0001
proBNP

ZRS, Zwolle Risk Score; NT-proBNP, N-terminal pro-brain natriuretic peptide; AUC, area under the curve;
CI, confidence interval; NRI, net reclassification index; IDI , integrated discrimination improvement.

Up to 48 h, MACEs occurred significantly more often in higher risk patients than in
low-risk patients (7 vs. 2 patients, P<0.001). Major bleeding occurred in 1 patient in
both groups (0.2% vs. 0.7%, P=0.34). As a consequence, 637 patients would have been
eligible for discharge at 48h after PPCI. This accounts for 75% of the total study
population. Between 48 h and 10 days after PPCI, 10 of these patients (1.2%)
experienced adverse events. MACEs occurred in 7 patients (0.8%) and major bleeding
occurred in 4 patients (0.5%). In 1 patient both events occurred. Therefore, 10
readmissions (1.2%) within 10 days after PPCI would have been expected (Figure 2).
In Group 2, 500 low-risk patients (59%) could be identified versus 268 patients (32%)
at higher risk, based on afore-mentioned criteria. MACEs within 10 days occurred
significantly more often in the higher risk group than in the lower risk group (11/268
(4%) vs. 4/500 (0.8%), P=0.003). Major bleeding occurred in 1 patient in the low-risk
group (0.1%) and in 5 patients in the higher risk group (0.6%). Hence, readmission
would have been necessary in 5 patients. Outcome of all screened patients is presented
in the supplementary Figure 1. The different cut points and outcome are presented in
the supplementary Table 1 and Appendix.
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PPCI patients

baseline

<24h

W; : o N‘: a é W
Event free and eligible for discharge at 48 h

<48h |

Event Event free

>48 h - 10 days

Figure 2. Feasibility of early discharge (after 2 days) in 845 PPCI patients based on ZRS <2 or
NT-proBNP <2500 pg/ml at 1824 h.

DISCUSSION

Our study demonstrates that NT-proBNP, withdrawn at different timepoints after PPCI,
improves prognostication of the established ZRS and consequently may improve the
scheduling of early hospital discharge.

Although the clinical outcomes in STEMI patients treated by PPCI have been
improved considerably, optimizing hospital length of stay in these patients is still
challenging.

Recent reports make clear that large patient groups can be discharged safely at or
within 48h,%%'" while present guidelines recommend discharge after a minimum of 3
days."” In addition, a lot of international variation in hospital admission duration
among low-risk PPCI patients still exists,”'’ " assuming that the number of low-risk
PPCI patients worldwide will increase because of improvement of treatment.
Simultaneously, there is a need for reduction of healthcare costs. This highlights the
necessity of easy tools for risk stratification, in which ideally large proportions of
patients could be discharged early.
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For this purpose, De Luca et al. developed the ZRS. Important variables in this risk
model are the success of coronary reperfusion and the occurrence of heart failure.
These and other early adverse post PPCI events can also be predicted by NT-proBNP.*
Within this context, NT-proBNP can be considered to be an overlapping variable. The
incremental value of adding NT-proBNP to established risk factors might be explained
by the fact that biomarker measurement provides more accurate information, without
observer variability.

The prognostic significance of the serial changes of plasma NT-proBNP in STEMI
patients has previously been studied.” > It was shown that NT-proBNP increases
markedly within 24 h. At this timepoint a maximum value is reached after successful
reperfusion and then usually decreases, while unsuccessful reperfusion is associated
with increased NT-proBNP values at 48—96 h.*’

Consequently, the change in NT-proBNP concentration could also be predictive. In one
report, the difference between NT-proBNP at 72 h and baseline NT-proBNP, was
superior to baseline NT-proBNP, but similar to NT-proBNP at 72 h in predicting short-
term adverse cardiac events.” Interestingly, in our study the change in NT-proBNP
was less predictive and cut-off values were difficult to define, since some patients had
negative change in NT-proBNP (or higher values at baseline). However, measurement
at two different timepoints is more laborious and would not be useful within the
context of early discharge.

Based on our decision rule at 48 h after PPCI (ZRS <2 or NT-proBNP <2500 pg/ml at
18—24 h), a proportion as large as 75% of patients could be discharged early. Therefore
NT-proBNP measurement at 18 to 24 h after PPCI may optimize length of hospital stay
in low-risk patients. Furthermore, this risk strategy can also be applied to patients in
non-intervention hospitals, since many patients are repatriated in the first 24 h. This
group in particular tends to be kept in hospital for a longer period of time.”®

Limitations

Several limitations of our study have to be noted. Our study lacks a validation cohort to
validate the serial model of ZRS en NT-proBNP. Therefore, a future randomized
comparison of discharge policies should take place.

Although NT-proBNP was measured by protocol in every patient, the ZRS was
calculated afterwards, so this may be considered retrospective. Although NT-proBNP
has also been related to more cardiovascular risk factors than those used in the
regression analysis, more potential confounders could not be included because of the
number of events. Finally, the patient population was highly selective since all
participants took part in a randomized trial with afore-mentioned exclusion criteria.
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CONCLUSION
NT-proBNP at different timepoints improves prognostication of the ZRS. Particularly

at 18—24 h post PPCI, the largest group of patients that potentially could be discharged
carly was identified.
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APPENDIX

P values between specificities:

ZRS vs. NT-proBNP 18—24 h

ZRS vs. ZRS + NT-proBNP 18—24 h

NT-proBNP 1824 h vs. ZRS+NT-proBNP 1824 h
ZRS vs. NT-proBNP 72-96 h

ZRS vs. ZRS+NT-proBNP 72-96 h

NT-proBNP 72—96 h vs. ZRS+NT-proBNP 7296 h

P<0.001
P<0.001
P<0.001
P<0.001
P<0.001
P<0.001

Supplementary Table 1. Predictive accuracy of ZRS <2 and NT-proBNP with cut-off values at
different timepoints for the identification of PPCI patients eligible for early discharge, from best to

worse (highest specificity, 100% sensitivity)

AUC Specificity

% patients

MACE and bleeding at

(95% CI) eligible for 10 days among patients
carly eligible for early
discharge discharge N (%)

ZRS <2/NT-proBNP 0.94  0.82(0.80-0.85) 75 10 (1.6)
18—24 h <2500 pg/ml

NT-proBNP 0.94 0.79 (0.76-0.82) 72 10 (1.6)
18-24 h <2500 pg/ml

ZRS <2/NT-proBNP 0.94 0.70 (0.67-0.73) 64 9 (L.7)
baseline <200 pg/ml

NT-proBNP baseline 0.91 0.62 (0.58-0.65) 56 7(L.5)
<200 pg/ml

ZRS<2/NT-proBNP 0.87  0.67(0.64-0.71) 61 5(1.0)
72-96 h <1050 pg/ml

NT-proBNP 0.87 0.56 (0.52-0.59) 50 4(0.9)
72-96 h <1050 pg/ml

7ZRS <2 0.87 0.39 (0.35-0.42) 36 4(1.3)

ZRS, Zwolle Risk Score; NT-proBNP, N-terminal pro-brain natriuretic peptide.
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Group 1 N= 786

NT-proBNP < 2500 pg/ml or ZRS < 2 at 18-24h Event > 24h - 10 beath: &
eath:
[ N= statv; 0%) Recurrent MI:7
I Yes N= 639 (75.6%) | l No N= 147 (17.3%) - 3;*;::??“’3
N No event Major bleeding: 4
N=121 (14.3%)

Event free and eligible for Event at 48h

discharge at 48 h. N=2 (0.2%)

N = 637 (75.3%) . VIR
Major bleeding: 1
L

Recurrent Mi:4
Urgent TVR:6
VT/VE: 1

Major bleeding: 4

Event up to 10 days
N =10(1.2%)

Group 2 N=768
NT-proBNP <1050 pg/ml or ZRS < 2 at 72-96h

/\

| Yes N=500 (59.1%) | | No N= 268 (31.7%) |
l l—* Death: 4
Recurrent MI:5
Event up to 10 days Event up to 10 days 3;%21 ;\IR:3
N=506%) N = 15 (1.8%) Major bleeding: 5

Recurrent MI:2

Urgent TVR:3

VT/VF:1

Major bleeding:1

Supplementary Figure 1. Outcome of all patients screened by the decision rules. Percentages
(%) are given with reference to the study population (N=845). Multiple events could occur in one
patient.
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Chapter 6

ABSTRACT

Aims. NT-proBNP predicts mortality in myocardial infarction patients treated with
primary PCIL. However, its predictive value for non-fatal adverse events is less well known.
In this study we evaluated the predictive value of serial NT-proBNP measurements for
the early occurrence of acute cardiovascular comorbidities in patients treated with
PPCI, over and beyond the Zwolle Risk Score (ZRS).

Methods. PPCI patients included in the On-TIME 2 study were candidates. NT-
proBNP levels on admission, at 18—24 h, and at 7296 h were measured, as was the
change in NT-proBNP from baseline to 18—24 h. Also, in each patient the ZRS was
calculated. We compared the predictive value of serial NT-proBNP and ZRS for the
occurrence of non-fatal adverse events at 30-day follow-up, defined as recurrent
myocardial infarction, urgent target vessel revascularization, major bleeding and
ventricular arrhythmias.

Results. On admission, at 18—24 h and at 72—96 h, 845, 786 and 768 patients were
included, respectively. At multivariate analysis ZRS and NT-proBNP measured at
18—24 h and at 72—96 h independently predicted the composite of non-fatal events
(odds ratios 1.10 to 1.14, P values all <0.05). Although ZRS and serial NT-proBNP
independently demonstrated limited predictive accuracy (AUCs all <0.70), adding NT-
proBNP to the ZRS at 18—24 h could modestly improve prognostication (AUC 0.73,
95%CI 0.62—0.78, net reclassification improvement 19%).

Conclusion. Non-baseline NT-proBNP measurement independently predicts the
occurrence of non-fatal adverse events at 30-day follow-up after PPCI. In particular, at
18—24 h, NT-proBNP could provide more insight in identifying patients at risk for
severe comorbidities.

INTRODUCTION

Despite a good outcome in most ST-elevation myocardial infarction (STEMI) patients

treated with primary percutaneous coronary intervention (PPCI), good risk

stratification is mandatory to optimize patient treatment and discharge policy.'”

In recent years, several PPCI risk models have been proposed and validated,

particularly to predict short-term mortality.” Beside these established risk models,

NT-proBNP has become an emerging biomarker that can also predict mortality after

PPCL*.

In previous studies we demonstrated that NT-proBNP has excellent predictive value for

30-day mortality, over and beyond the Zwolle Risk Score (ZRS). Additionally,
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combining NT-proBNP and ZRS resulted in the identification of the largest group of
patients who were at very low mortality risk and who also appeared to have a low
occurrence of non-fatal adverse events (AEs).*’

However, whether NT-proBNP and ZRS could also predict non-fatal AEs in PPCI
patients remained underexposed. In this study we evaluated the predictive value of NT-
proBNP measurement at different time points for the occurrence of non-fatal AEs at
30-day follow-up over and beyond established periprocedural risk factors as presented
by the ZRS.

METHODS

Patients

Our study population consisted of patients with a diagnosis of STEMI admitted for
PPCI, who were included in the Ongoing Tirofiban in Myocardial Infarction
Evaluation (On-TIME) 2 trial.'"” The rationale, design and primary results of the
prospective, multicenter placebo-controlled, randomized On-TIME 2 clinical trial have
been described previously.'® ' The trial is registered under No. ISRCTN06195297.
Briefly, enrollment was from June 2006 to November, 2007. Eligible patients were 21
to 85 years of age with symptoms of acute myocardial infarction of more than 30 min
but less than 24 h and ST-segment elevation of more than 1 mV in two adjacent
electrocardiograph (ECG) leads.

Exclusion criteria were severe renal dysfunction (glomerular filtration rate [GFR] <30
ml/min or serum creatinine >200 mmol/l (>2.5 mg/dl), therapy-resistant cardiogenic
shock (systolic blood pressure <80 mmHg for >30 min), persistent severe hypertension
(systolic blood pressure >180 mmHg or diastolic blood pressure >110 mmHg), or a
contraindication to anticoagulation, or increased risk of bleeding. Also, patients with a
left bundle-branch block, pregnancy and/or breastfeeding, and patients with a life
expectancy of less than 1 year were excluded. From each patient, written informed
consent for participation in both the On-TIME 2 study and future data analysis was
obtained. The study was conducted according to the guidelines of the Declaration of
Helsinki. All local ethics committees involved approved the study protocol.
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PROCEDURES

Treatment

All patients were planned to undergo PPCI and were initially treated according to the
On-TIME 2 study protocol, randomly assigned to (pre-hospital) treatment with
tirofiban (25 pg/kg bolus and 0.15 pg/kg/min maintenance infusion for 18 h) or
placebo. PPCI was performed with standard techniques if the coronary anatomy was
suitable for angioplasty. Additional treatment with stents and devices was to the
discretion of the treating cardiologist. All patients were treated with optimal drug-
therapy, including angiotensin-converting enzyme inhibitors, B-blockers, aspirin and a
statin.

Measurements

NT-proBNP plasma levels were measured by an electrochemiluminiscence
immunoassay ‘ECLIA’ on an Elecsys 2010 analyser (Roche, Central Hematology
Laboratory, University of Heidelberg, Germany) in each patient on admission (after
sheath insertion before PPCI was performed), at 18—24 h and at 72—96 h after PPCL

In each patient the Zwolle Risk Score (ZRS) was calculated. This score, assessed by a
point system, has shown to be able to identify a large group of patients at low risk who
may safely be discharged early after PPCI. Patiens were considered to be low risk
when the ZRS was <3 (mortality rate of 0.1% at 2 days and 0.2% between 2 and 10
days after PPCI). The model was built of six clinical risk factors: Killip Class,
postprocedural Thrombolysis in Myocardial Infarction (TIMI) flow, Age, three-vessel
disease, anterior infarction location, ischemia time >4 h, with maximum score of 16
points.” Additionally, left-ventricular ejection fraction (LVEF) was measured before
discharge.

Endpoints

The primary endpoint in this study was the occurrence of non-fatal AEs at 30 days after
withdrawal of blood from which the NT-proBNP level was determined. AEs were
defined as recurrent myocardial infarction (RMI), urgent target vessel revascularization
(TVR), major bleeding (defined as clinical overt signs of hemorrhage associated with a
decrease in hemoglobin of >5 g/dl, or when hemoglobin assessment is not available, a
decrease in hematocrit of >15%) and malignant ventricular arrhythmias defined as
ventricular fibrillation (VF) or sustained and non-sustained ventricular tachycardia
(VT).

81



Serial NT-proBNP for predicting adverse events

Statistical analysis
In each patient the ZRS was calculated and patients were divided into percentiles of
NT-proBNP levels. Four calculation groups were created according to the availability
of ZRS and NT-proBNP at the different time points: at baseline (on admission), at
18—24 h and at 72—96 h after PPCI. Also, the absolute change from baseline to 18—24 h
after PPCI (delta NT-proBNP) was measured.
We assessed the predictive value of the ZRS, the different NT-proBNP levels and the
combination of NT-proBNP/ZRS for the primary endpoint by receiver operating
characteristic (ROC) curve analysis in each patient group.
In 74 patients the ZRS values were missing, and 36 patients did not have baseline NT-
proBNP levels. Three patients had missing values of both ZRS and baseline NT-
proBNP. Assuming data were missing at random, a multiple missing value imputation
procedure was applied in which the values of the NT-proBNP and the values of the
elements of the ZRS were imputed in case they were missing (PROC MI; SAS version
9.2). The ZRS was calculated from the individually imputed scores.
We generated 10 datasets, and the results of all statistical analyses were pooled across
the 10 datasets by using the corresponding pooling procedure in SPSS or SAS.
Multivariate logistic regression analysis was used to estimate the influence of NT-
proBNP and ZRS on non-fatal AEs at 30-day follow-up. To perform an analysis using
both ZRS and NT-proBNP, we calculated weighted scores for each as follows:

(B1 x ZRS) + (B2 x In NT-proBNP)
where B1 and 2 denote B-coefficients for the ZRS and log NT-proBNP obtained from
the multivariate Cox's regression model. Because NT-proBNP was not normally
distributed, we used logarithmically transformed values. We calculated the pooled
AUCs and 95% confidence intervals (Cls) by averaging over the 10 AUCs from the
imputed datasets, using Rubin’s rule.'” Additionally, we used two complementary
measures of discrimination improvement to evaluate the performance of the model
when NT-proBNP was added to the ZRS: the Net Reclassification Improvement (or
Index) (NRI) and the Integrated Discrimination Improvement (IDI). The IDI combines
the increase in event probability for those experiencing an event plus the decrease in
event probability for those not experiencing an event. The NRI quantifies the net
proportion of subjects getting correctly reclassified to low or high event probabilities
when adding a predictor to the model using a cut-off point for the predicted
probabilities of 10%.
All statistical analyses were performed using SPSS (version 19) and SAS (version 9.2).
A two-sided P value of <0.05 was considered to be statistically significant.
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Table 1. Baseline characteristics of the study group

Variable Total %
(N=845)
Age (yrs) mean+SD 62.0+11.5 -
Male gender 642 (76.0)
Current smoking 409 (48.6)
Diabetes mellitus 90 (10.7)
Hypertension 282 (33.4)
Hypercholesterolemia 222 (26.3)
Family history 340 (40.6)
Prior angina 104 (12.4)
Previous MI 69 (8.2)
Previous PTCA 70 8.3)
Previous CABG 12 14
Previous CVA 15 (1.8)
Systolic blood pressure mean+SD 130.70+24.21 -
Diastolic blood pressure mean+SD 76.57+15.03 -
Killip Class >1 41 4.9)
Hemoglobin (mmol/l) mean+SD 9.49+7.16 -
Troponin (pg/l) mean+SD 0.37+1.24 -
Zwolle Risk Score mean+SD 2.34+2.13 -
EF <30% 41 (6.2)
EF 30—-40% 130 (19.8)
EF >40% 486 (74.0)

All values were denoted as meansstandard deviation (SD) or absolute numbers and their percentages of the total

group, where appropriate.

MI, myocardial infarction; PTCA, percutaneous transluminal coronary angioplasty; CABG, coronary artery bypass
grafting; CVA, cerebrovascular accident; EF, ejection fraction.

RESULTS

During the study period, 984 patients were admitted for STEMI; a total of 861 patients
underwent PPCI. After imputation of missing values, 30-day follow-up was present in
845 patients. Table 1 shows the baseline and periprocedural characteristics. Mean age
was 62+11.5 years and the ZRS ranged from 0—15 points (mean+SD of 2.34+2.13
points). In addition, the median time from onset of ischemic symptoms to PPCI was
167 minutes (mean+SD of 238+252 min) and the baseline NT-proBNP values ranged
from 9-33,927 pg/ml (mean+SD of 599+1833, median 138 pg/ml). Most patients
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(74%) had LVEF >40% at discharge. At 30-day follow-up, 21 patients had died.
Mortality analyses have been reported previously *°

Uni- and multivariate analysis

The endpoint was reached in 102, 48 and 31 patients where NT-proBNP was measured
at baseline, at 18-24 h and at 72—96 h, respectively; with most events occurring within
48 h after admission. At uni- and multivariate analysis, ZRS and NT-proBNP at 18—24
h and 72-96 h (but not NT -proBNP at baseline and delta NT-proBNP) independently
predicted the occurrence of non-fatal AEs (Table 2).

ROC curve analysis of ZRS and NT-proBNP at the different timepoints

Baseline NT-proBNP and ZRS were assessed in 845 patients and showed poor capacity
to accurately predict non-fatal AEs: AUC 0.58 (95%CI 0.52-0.64) and 0.62 (95%CI
0.54—0.66), respectively. The combination of both baseline NT-proBNP and ZRS,
showed no improvement compared to ZRS only (AUC 0.61 (95%CI 0.55—0.67)).

At 18-24 h, NT-proBNP was measured in 786 patients and ranged from 45—-20,653
(mean+SD 2089+2738, median 1283 pg/ml). At this time point, the predictive capacity
of NT-proBNP slightly improved compared to baseline NT-proBNP: AUC 0.70
(95%CI 0.57-0.74). The AUC for ZRS in this patient group was 0.68 (0.60—0.76)
However, addition of NT-proBNP at 18—24 h to the ZRS demonstrated the largest
AUC: 0.73 (95%CI 0.62—0.78), although the difference compared to ZRS only was not
significant (P=0.14). Additionally, NRI and IDI were 19% and 1.7%, respectively,
when NT-proBNP at 18—24 h was added to the ZRS (P values could not be calculated).
NT-proBNP at 72—96 h was measured in 768 patients and ranged from 17-24,119
(mean+SD 1618+2556, median 860 pg/ml). The AUC for NT-proBNP at this time
point was 0.66 (95%CI 0.55-0.77) and did not differ compared to the AUC of ZRS
(0.64). Addition of NT-proBNP to the ZRS showed no improvement in 30-day event
prediction compared to ZRS only (AUC 0.69, P=0.28). NRI and IDI were 9% and
1.4% when NT-proBNP at 72—96 h was added to the ZRS.

In Table 3 the AUCs of serial NT-proBNP, ZRS and their combination for non-fatal
AEs are summarized.
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Table 2. Uni- and multivariate analysis of ZRS and NT-proBNP at different time points for prediction
of non-fatal events at 30-day follow-up

Timepoint Model Predictor OR 95%CI P value
lower upper
Baseline univariate ZRS 1.14 1.06 1.24 0.001
NT-proBNP 1.05 0.97 1.14 0.255
multivariate ZRS 1.14 1.05 1.24 0.002
1824 h univariate ZRS 1.26 1.12 1.41 <0.0001
NT-proBNP 1.14 1.06 1.23 0.0003
delta NT-proBNP  1.16 1.05 1.28 0.0027
multivariate ZRS 1.19 1.04 1.35 0.0104
NT-proBNP 1.10 1.01 1.19 0.0289
72-96 h univariate ZRS 1.24 1.07 1.43 0.0044
NT-proBNP 1.17 1.07 1.28 0.0009
multivariate ZRS 1.15 0.97 1.36 0.0974
NT-proBNP 1.14 1.04 1.25 0.0074

OR, odds ratio; CI, confidence interval; ZRS, Zwolle Risk Score; NT-proBNP, N-terminal pro-brain natriuretic
peptide.

Table 3. AUC values and 95% CI of serial NT-proBNP, ZRS and their combination for non-fatal
adverse events (*) at 30-day follow-up.

Baseline Baseline - 1824 h 72-96 h
(N=845) 1824 h (N=786) (N=768)

Number of events 102 48 48 31

ZRS 0.62 0.62 0.68 0.64(0.54-0.75)
(0.56-0.67) (0.56-0.67) (0.60—0.76)

NT proBNP 0.58 0.64 0.70 0.66 (0.55-0.77)
(0.52-0.64) (0.55-0.74) (0.63-0.78)

ZRS and NT- 0.61 0.70 0.73 0.69 (0.58—0.80)

proBNP (0.55-0.67) (0.62-0.78) (0.62-0.78)

* Re-myocardial infarction, urgent target vessel revascularization, major bleeding, ventricular tachycardia or
ventricular fibrillation.
CI, confidence interval; AUC, area under the curve.
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DISCUSSION

The present study reports the predictive value of ZRS and NT-proBNP at different time
points for the occurrence of non-fatal adverse events (AEs) in PPCI patients and
extends our previous findings. Although ZRS and NT-proBNP at 18-24 h and at
72—96 h could be identified as independent predictors of AEs, independently both
variables had modest prognostic accuracy. However, addition of NT-proBNP at 18—24
h post PPCI to the ZRS demonstrated a slight improvement and therefore could provide
more insight into identifying patients at risk for severe comorbidities, in addition to
excellent mortality prognostication as demonstrated before.

Adverse events after primary PCI

Endpoints in current PPCI risk models are mainly focussed on mortality or a composite
of mortality and ischemic events.’” However, at present non-fatal events are a
substantial part of adverse outcomes after PPCI."

Of course these events are responsible for (severe) comorbidities, prolonged hospital
stays or re-hospitalization. As a consequence, diverse risk strategies and recommen-
dations regarding major bleeding”, use of implantable cardioverter defibrillators
(ICDs)15 or non-culprit vessel revascularization'® have to be taken into consideration.
Therefore, PPCI patients often need to undergo multiple risk strata before tailored
treatment is accomplished and appropriate discharge plans can be made.

Potentially, ZRS and NT-proBNP could help to provide a more overarching PPCI risk
model where both mortality and a composite of important non-fatal AEs are taken into
account.

In fact, several clinical variables associated with higher ZRS and NT-proBNP levels
have also been associated with the occurrence of non-fatal AEs in PPCI patients. A
TIMI flow of <3 and left ventricular dysfunction are predictors of stent thrombosis, the
predominant cause of early RMI and urgent TVR'’, whereas the risk of bleeding has
been associated with baseline and periprocedural variables such as advanced age,
multivessel disease, higher Killip Class, anterior infarction location and TIMI 0 flow
before PCI."® Finally, VT/VF are highly associated with infarction size and the PPCI
result.'’

NT-proBNP in this context is already far from being a simple risk marker for heart
failure or mortality. Several studies have shown that there are more events, including
development of post PPCI no-reflow phenomenon®, angiographic success”** and the
occurrence of contrast-induced nephropathy™, that can be predicted by NT-proBNP.
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NT-proBNP and current risk models

The applicability of NT-proBNP beyond established risk stratification of STEMI
patients have been demonstrated in several PPCI studies. A sub-analysis of the APEX-
AMI study, revealed that baseline NT-proBNP, incorporated in a clinical risk model,
improved prediction of 90-day mortality, shock or heart failure.** Similar results were
accomplished by a biomarker substudy of the PLATO trial, revealing that NT-proBNP
provided additional prognostic value for cardiovascular death and RMI beyond risk
scores and extend of coronary artery disease.”” In addition, multimarker mortality-risk
stratification has been proposed, where the weight of NT-proBNP was strong.”®
However, how NT-proBNP and established periprocedural risk factors interact in the
field of non-fatal events remained underexposed. According to the present study,
measurement of NT-proBNP between 18—24 h post PPCI could help the clinician to
identify patients at risk for additional severe comorbidities.

Limitations

Several limitations of our study have to be mentioned. Although in every patient NT-
proBNP values were assessed by protocol, the ZRS was calculated afterward, so this
may be considered retrospective. Conversely, all patients were monitored
longitudinally.

Based on the exclusion criteria, patients with a high Killip Class, severe renal
dysfunction, elderly patients and young women, but also patients at risk for severe
bleeding were not included in the study. This may have affected the results.

In addition, we were not able to provide useful cut-off points for validation. However,
the current results suggest that measuring NT-proBNP provides a similar
discriminative capacity to identify non-fatal AEs compared to the estabished risk
factors as presented by ZRS, and that NT-proBNP would probably improve future
(multi)-biomarker risk models.

CONCLUSION

Measuring non-baseline NT-proBNP independently predicts the occurrence of non-
fatal adverse events at 30-day follow-up after PPCI. Particularly at 18—24 h, NT-
proBNP could provide greater insight in identifying patients at risk of severe
comorbidities.
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ABSTRACT

Background. The biomarker N-terminal pro-brain natriuretic peptide (NT-proBNP)
predicts outcome in patients with non-ST-elevation acute coronary syndromes (NSTE-
ACS). Whether NT-proBNP has incremental prognostic value beyond established risk
strategies is still questionable.

Purpose. To evaluate the predictive value of NT-proBNP for 30-day mortality over and
beyond the Global Registry of Acute Coronary Events (GRACE) and Thrombolysis in
Myocardial Infarction (TIMI) risk scores in patients with NSTE-ACS.

Methods. Patients included in our ACS registry were candidates. NT-proBNP levels on
admission were measured and the GRACE and TIMI risk scores were assessed. We
compared the predictive value of NT-proBNP to both risk scores and evaluated
whether NT-proBNP improves prognostication by using receiver operator curves and
measures of discrimination improvement.

Results. A total of 1324 patients were included and 50 patients died during follow-up.
On logistic regression analysis NT-proBNP and the GRACE risk score (but not the
TIMI risk score), both independently predicted mortality at 30-days. The predictive
value of NT-proBNP did not differ significantly compared to the GRACE risk score
(area under the curve (AUC) 0.85 vs. 0.87 P=0.67) but was considerably higher in
comparison to the TIMI risk score (AUC 0.60 P<0.001). Adjustment of the GRACE
risk score by adding NT-proBNP did not improve prognostication: AUC 0.86 (P=0.57),
integrated discrimination improvement 0.04 (P=0.003), net reclassification improve-
ment 0.12 (P=0.21).

Conclusion. In patients with NSTE-ACS, NT-proBNP and the GRACE risk score (but
not the TIMI risk score) both have good and comparable predictive value for 30-day
mortality. However, incremental prognostic value of NT-proBNP beyond the GRACE
risk score could not be demonstrated.

INTRODUCTION

In patients presenting with non-ST-elevation acute coronary syndromes (NSTE-ACS)
or non-ST-elevation myocardial infarction (NSTEMI), the Thrombolysis In Myocardial
Infarction risk score as well as the Global Registry of Acute Coronary Events
(GRACE) risk calculation have established predictive value.'> However, the GRACE
score provides the most accurate stratification of ischemic risk, both on admission and
at discharge and has become the recommended risk strategy for early patient decision
making.*™¢
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Beside clinical markers of risk, key element of the GRACE score is the biomarker
cardiac troponin (cTn) or high-sensitivity (hs)-cTn at present. Beyond diagnostic
utility, this biomarker has also important prognostic accuracy in a directly proportional
way.*’

In addition, the biomarker brain natriuretic peptide (BNP) and its N-terminal fragment
(NT-proBNP) have shown to provide prognostic information in patients with NSTE-
ACS as well, and subsequently improve risk stratification in combination with ¢Tn.®
Whether BNP has really significant incremental value to established NSTE-ACS risk
models is still debatable however.” In this report we evaluated the predictive value of
baseline NT-proBNP measurement for all-cause mortality at 30-day follow-up over
and beyond the established TIMI and GRACE risk scores in patients admitted with
NSTE-ACS.

METHODS

Population

Between 2006 and 2014 individual data from all patients with admission diagnosis of
NSTE-ACS (or NSTEMI) admitted at the Isala Heart Center (Zwolle, The
Netherlands) was prospectively recorded. Patients were diagnosed with NSTE-ACS,
when they met the definitions according to the European Society of Cardiology
guidelines based on clinical presentation (chestpain), electrocardiogram (EKG)
abnormalities or elevated cardiac enzymes (cTn or hs-cTn > upper limit of normal or
doubling of hs-cTn within 3 h), hence inclusion criteria involved the full clinical
spectrum of NSTE-ACS presentation. A written informed consent for data registration
and future analysis was obtained from each patient. To avoid double inclusion of
patients, only the first recorded admission for NSTE-ACS during the study period was
used. Although treatment of patients was to the discretion of the cardiologist and not by
protocol, all patients were treated with optimized drug-therapy including angiotensin-
converting enzyme inhibitors, B-blockers, aspirin and lipid-lowering drugs where
appropriate. Study approval was obtained from the medical ethic committee of the Isala
Heart Center.
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Measurements

To study the predictive value of NT-proBNP for 30-day mortality over and beyond the
TIMI risk score and the GRACE risk calculator, patients were divided in percentiles
according to the different scores and baseline NT-proBNP values. NT-proBNP and
(hs)-cTn were measured in each patient on admission by protocol. Both risk scores
were calculated afterward.

The GRACE risk score was calculated by the 8 different baseline variables
incorporated in the risk calculator: age, heart rate (beats per minute), systolic blood
pressure, serum creatinine level, cardiac arrest at admission, ST-segment deviation on
EKG, elevated cTn and congestive heart failure (Killip Class). According to the
GRACE risk score, patients are classified into three risk groups. For in hospital
mortality this implies: low (<108), intermediate (109—140) and high (>140) risk.
WWW.Zracescore.org

The TIMI risk score for NSTE-ACS estimates mortality based on: age >65, >3
coronary artery disease (CAD) risk factors, known CAD (stenosis >50%), aspirin use
in the past 7 days, severe angina (>2 episodes in 24 hs), ST-segment deviation >0.5

mm and positive cardiac markers. This risk score ranges from 0 to 7 points reflecting
5% to 41% risk at 14 days of all-cause mortality, new or recurrent myocardial
infarction or severe recurrent ischemia requiring urgent revascularization."

Endpoint
The primary endpoint in this study was death from any cause at 30 days after
withdrawal of blood from which the NT-proBNP level was determined.

Statistical analysis

In each patient the TIMI and GRACE risk scores were calculated. We assessed the
predictive value of NT-proBNP, the GRACE risk score and the TIMI risk score for
NSTE-ACS for the primary endpoint by receiver operating characteristic (ROC) curve
analysis. To assess the predictive value of the NT-proBNP adjusted risk models, the
linear combination of NT-proBNP and each risk model was used. To perform an
analysis using the risk model and NT-proBNP together, we calculated weighted scores
for each as follows:

(B1 x risk score) + (B2 x In NT-proBNP),

where B1 and B2 denote B-coefficients for the risk score and log NT-proBNP obtained
from the logistic regression model. Because NT-proBNP was not normally distributed
we used logarithmically transformed values. Logistic regression analysis was
performed to estimate the influence of NT-proBNP and TIMI/GRACE risk scores on
30-day mortality by calculating the change in area under the curve (AUC).
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Additionally, we used two complementary measures of discrimination improvement to
evaluate the model performance when NT-proBNP was added to GRACE or TIMI risk
model: the Net Reclassification Improvement (NRI) and the Integrated Discrimination
Improvement (IDI). The IDI combines the increase in mortality probability for those
experiencing an event plus the decrease in mortality probability for those not
experiencing an event. The NRI quantifies the net proportion of subjects getting
correctly reclassified to low or high mortality probabilities when adding a predictor to
the model using a cut-off point for the predicted probabilities of 10%. AUCs were
compared in SAS using PROC Logistic. All statistical analyses were performed using
SPSS (version 19) and SAS (version 9.2). A two-sided P value of <0.05 was
considered to be statistically significant.

RESULTS

During the study period a total of 1324 patients were included. Baseline characteristics
are given in Table 1. Mean age was 73 years (Standard deviation (SD) 11.6) and most
patients had no history of cardiovascular disease, except for hypertension, which was
present in 58% of patients. Baseline NT-proBNP levels ranged from 6.0 to 35,000
pg/ml (mean+SD of 2036+4430), with a median of 519 pg/ml and were available in all
patients. The GRACE score could be calculated in 900 patients and ranged from 42 to
281 points (mean+SD of 139+42), with most patients at intermediate to high risk for
in-hospital mortality (25" percentile score <108). The TIMI score was calculated in
911 patients and ranged from 0 to 7 points (mean+SD of 3.1+1.4). Values within the 25
percentile ranged from 0 to 2 points. As a consequence 75% of patients had values
between 3 and 7 points.

In 1134 (85.6%) patients, coronary angiography was performed during hospital
admission. Outcome data are presented in Table 2. Most patients had obstructive
coronary artery disease and 78% of these patients needed PCI or coronary artery
bypass grafting.
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Table 1. Baseline characteristics of the included NSTE-ACS patients

Variable Total (%)
(N=1324)

Age (years) mean+SD 73.1+11.61

Male gender 861 65

Risk factors

Diabetes mellitus 295 223

Smoking 349 26.4

Hypercholesterolemia 471 35.6

Family history 437 33.0

Hypertension 762 57.6

History of disease

Myocardial infarction 247 18.7

Percutaneous coronary intervention 248 18.7

Coronary artery bypass graft 186 14.0

Chronic renal failure 55 4.2

NSTE-ACS, non-ST-elevation acute coronary syndromes; SD, standard deviation.

Table 2. Coronary intervention data of the studied NSTE-ACS patients (N=1324)

Data on coronary intervention N %
Coronary angiography performed 1134 85.6
Time between admission and angiography (h)
<24 685 51.7
>24-48 152 11.5
>48 288 21.8
Number of vessel disease
0 104 7.9
1 336 254
2 261 19.7
3 329 24.8
LM 22 1.7
LM +3 47 3.5
Treatment
conservative 183 13.8
CABG 241 18.2
PCI 646 48.8

NSTE-ACS, non-ST-elevation acute coronary syndromes; CABG, coronary artery bypass grafting; LM, left main; PCI,

percutaneous coronary intervention.
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Table 3. Logistic regression analysis of NT-proBNP, the GRACE risk score and the TIMI NSTE-
ACS risk score for 30-day mortality prediction

Variables in the equation
B SE Wald df Pvalue OR 95%CI for OR
Lower Upper

Step 1* NT-proBNP  0.640  0.215 8.874 1 0003 1.897 1.245 2.891
GRACE 0.021 0.008 7.952 1 0.005 1.021 1.006 1.037
TIMI -0.201  0.199 1.023 1 0312 0818 0553 1.208
Constant -11.209  1.686 44.183 1 0.000 0.000

*Variable(s) entered on step 1: NT-proBNP, GRACE risk score, TIMI risk score.
BNP, brain natriuretic peptide; CI, confidence interval; df , degree of freedom; GRACE , Global Registry of
Acute Coronary Events; NSTE-ACS, non-ST-elevation acute coronary syndromes; NT, N-terminal fragment;
OR, odds ratio; SE, standard error; TIMI, thrombolysis in myocardial infarction.

Ejection fraction (EF) could be measured in 828 patients (63%), In 9.4% of these
patients, a poor left ventricular function was present (EF <30%). Most patients had EF
>40% (58%).

During the 30-days of follow-up, 50 patients died. On logistic regression analysis, NT-
proBNP and the GRACE risk score were independent predictors of 30-day mortality
(Table 3).

NT-proBNP values among the patients who died, widely ranged from 51-35,000 pg/ml
(mean + SD of 8516+9974, median 4505 pg/ml). The GRACE risk score in these
patients ranged from 125 to 251 points (mean=SD of 192+33.2, median 199 points),
reflecting patients at higher in-hospital mortality risk. The TIMI score in the patients
who died, ranged from 1 to 7 points (mean+SD of 3.6+1.4, median 4.0 points). Both
risk scores and NT-proBNP values were significantly higher in patients who died,
compared to those who survived. NT-proBNP values correlated significantly with both
risk models but correlation with the GRACE score was stronger than correlation with
the TIMI score (Pearson correlation 0.62 and 0.33, respectively P<0.001). At ROC
curve analysis NT-proBNP depicted good predictive value for 30-day mortality (AUC
0.80, range 0.73—-0.87). For the GRACE score AUC was as high as 0.85 (0.79-0.90)
but the difference was not significant (P=0.67).

The TIMI risk score however, revealed a poor predictive value with AUC of 0.61
(0.50—0.71), which was significantly smaller in comparison to NT-proBNP and the
GRACE risk score. Adding NT-proBNP to the GRACE risk score revealed no
significant improvement of predictive value: AUC 0.86 vs. 0.85 (P=0.57), NRI 0.12,
(P=0.21), ID1 0.04 (P=0.003).
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ROC Curves for Comparisons
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Figure 1. ROC curves for comparisons of NT-proBNP and the GRACE and TIMI-NSTE-ACS
risk scores (N=692, mortality cases N=29)

BNP, brain natriuretic peptide; GRACE, Global Registry of Acute Coronary Events; NT, N-
terminal fragment; NSTE-ACS, non-ST-elevation acute coronary syndromes; ROC, receiver
operating characteristic.

However, the combination of NT-proBNP/GRACE, showed a slightly predictive
improvement in comparison with NT-proBNP only (AUC 0.86 vs. 0.83, P=0.03).
Adding NT-proBNP to the TIMI risk score, considerably improved prognostication of
30-day mortality: AUC 0.84, NRI 0.41 (P=0.001), IDI 0.1 (P<0.0001). Figure 1 depicts
ROC curves of NT-proBNP, and the GRACE and TIMI risk scores. Because
comparable analysis could not be performed in patients with missing data, these curves
are based on endpoint measurement of 692 patients who had valid values for NT-
proBNP and both risk scores, therefore AUC values slightly differ from those found in
individual analysis.
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DISCUSSION

In this study NT-proBNP at baseline and the GRACE risk calculator, had good and
comparable predictive value for 30-day mortality in NSTE-ACS patients and were
much more accurate than the TIMI risk score. However, adding NT-proBNP could not
enhance the GRACE risk prediction of 30-day mortality.

Previous findings

Natriuretic peptides have been extensively evaluated and showed to be predictors of
mortality in patients with ACS, with comparable clinical utility for B-type natriuretic
peptide and NT-proBNP.* Studies evaluating whether NT-proBNP measurement would
improve risk assessment in NSTE-ACS patients beyond the established GRACE or
TIMI risk scores have been previously performed. Regarding the GRACE risk score,
conflicting results were noticed. Depending on different outcome measures and time

9-11 __ 4.
while

points of BNP withdrawal, some reports confirmed incremental value of BNP
other reports did not or revealed only a small improvement of prognostication.'>"* The
TIMI risk score however, has clearly less predictive accuracy in comparison with BNP
and the GRACE score, so that incremental value of BNP to the TIMI risk score

logically could be demonstrated.®”'*'®

Timing of BNP

Although previous findings are consistent with our results, further explanation is
required since BNP is predictive in ACS independently of age, EKG change and cTn
concentration; all elements of the GRACE score.'”'® As a consequence it does make
sense that BNP measurement should have additional value in clinical practice.
Probably, time of BNP assessment and its relation with outcome measures (short
versus longer time mortality) may be of influence. In patients with ACS, elevated
baseline ¢cTn concentrations or a rise of high-sensitivity ¢cTn within a few hours is often
present since elevated cTn values are of diagnostic utility and are anchored in NSTE-
ACS definition.®

Baseline NT-proBNP however, could be within a normal range, even in patients at
early mortality risk as demonstrated by our analysis, who would have been detected by
the GRACE risk score. Data concerning optimal timing of BNP measurement in
NSTE-ACS are limited. One of the afore-mentioned studies, that confirmed additional
value of BNP to the GRACE risk score, was based on measurements at 24—96 hours.”
Furthermore, serial admission BNP measurement in NSTE-ACS has been performed.
In one report, patients with chest pain were studied and NT-proBNP samples were
collected 5 times within 24 hours of presentation and at discharge. Although baseline
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elevated BNP and NT-proBNP were predictive for 30-day adverse events including
mortality, serial sampling showed no prognostic improvement."” Unlike this, another
study concerning a high-risk subgroup of acute myocardial infarction patients, did
reveal that only the highest follow-up BNP remained associated with in-hospital
death.” Also in patients with ST elevation myocardial infarction (STEMI), non-
21,22 .

Based on this
knowledge, we think that the optimum time point for BNP withdrawal and its potential

baseline serial BNP appears to be of optimal predictive value.

incremental effect on prognostication in NSTE-ACS patients deserves further
investigation.

Clinical implications

Beside mortality, non-fatal major adverse cardiac events and also major bleeding, are
important outcome measures that directly affect patient management and length of stay
in hospital. The GRACE risk score was developed to predict death, but this score can
also predict the risk of bleeding and freedom from clinical events in NSTE-ACS
patients for which the GRACE investigators constructed a modified risk model that
identified up to 30% of patients at low risk of death or any adverse in-hospital event.”
Whether BNP could be useful in predicting a wide variety of adverse events or the
benefit of early revascularization in NSTE-ACS patients has to be determined.
However, in STEMI patients, we recently found that baseline NT-proBNP could
identify patients eligible for early hospital discharge, with low occurrence of adverse
events at 10-day follow-up.**

Limitations

Several limitations have to be noticed. Although all outcome measures were registered
prospectively, scores of both the TIMI and GRACE risk models were calculated
afterward, and not by protocol so this may be considered retrospectively. As a
consequence in about 1/3 of patients the GRACE and/or TIMI risk scores were
unknown due to missing values which may affect the results. Finally we confined
outcome measures to all-cause 30-day mortality. Despite this, our results certainly
contribute to better understanding of risk assessment by NT-proBNP in clinical
practice, since our study cohort consisted of a ‘real life’, unselected NSTE-ACS patient
population.
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CONCLUSION

In NSTE-ACS patients NT-proBNP and the GRACE risk score (but not the TIMI risk
score) both have good and comparable predictive value for 30-day mortality. However,
in our study, incremental prognostic value of NT-proBNP beyond the GRACE risk
score could not be demonstrated.
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ABSTRACT

Background. N-terminal pro-Brain Natriuretic Peptide (NT-proBNP) is associated
with atrial fibrillation (AF) in the setting of acute ST-elevation myocardial infarction
(STEMI), and the present study was aimed at assessing the temporal association
between NT-proBNP and incident AF.

Methods. 830 patients enrolled in On-TIME 2 were included. NT-proBNP was
assessed at baseline, 24 h and 72 h after admission for STEMI. Patients with new-onset
AF <30 days after STEMI were divided among three subgroups: AF on admission, AF
24-72 h after admission and AF >72 h after admission. NT-proBNP serum levels at the
three assessment intervals was used to predict the timing of AF with a receiver
operating characteristic analysis and a binary logistic model was created to predict the
AF at the various timings.

Results. Mean age was 62+12 years and 76% were male. 73 patients developed
incident AF, 41 developed AF on admission, 14 patients developed AF 24-72 h after
admission and 18 patients developed AF >72 h after admission. NT-proBNP at
baseline (area under the curve (AUC) 0.657, P<0.001), after 24 h (AUC 0.829,
P<0.001) and after 72 h (AUC 0.891, P<0.001) predicted AF. However, NT-proBNP at
baseline did not predict AF on admission (AUC 0.591, P=0.058). NT-proBNP after 24
h and 72 h were stronger predictors of AF compared to NT-proBNP at baseline. In
regression analysis, NT-proBNP after 24 h (OR: 1.220, P<0.001) and 72 h (OR:1.290,
P<0.002) showed a significant association with postinfarction AF.

Conclusion. This study shows that serial NT-proBNP plasma level assessments
enhance risk stratification for incident AF in STEMI patients.

INTRODUCTION

New-onset atrial fibrillation (AF) occurs in 5-23% of patients admitted with an acute
ST- elevation myocardial infarction (STEMI)'™* and is associated with an impaired
long-term cardiovascular outcome, including a 40% increase in mortality.”’ Therefore,
predicting AF in STEMI patients can impact clinical practice by identifying patients at
increased risk after STEMI. Several biomarkers have been associated with new-onset
AF.*’ A recent study showed that incident AF after STEMI can be predicted by N-
terminal pro-brain natriuretic peptide (NT-proBNP) plasma level assessment.’
However, in this study, NT-proBNP was assessed somewhere during the first 72 h after
admission and thus there are no data on the temporal relationship between serial NT-
proBNP plasma level assessments and mode of onset AF in STEMI patients. The aim

107



Serial NT-proBNP and new-onset atrial fibrillation

of this study was to investigate if assessment of NT-proBNP plasma levels at three
distinct timings enhances the risk stratification for the development of AF in STEMI
patients treated with primary percutaneous coronary intervention (PPCI).

Methods

Our population consisted of patients with a STEMI, who were admitted for PPCI and
included in the Ongoing Tirofiban in Myocardial Infarction Evaluation (On-TIME) 2
s‘fudy,lo’11 a prospective, multi-center, placebo controlled, randomized, clinical trial.
The rationale, design and primary results of On-TIME 2 have been previously
described.'" Briefly, enrollment was from June 2006 to November 2007. Eligible
patients were aged 21—85 years with symptoms of acute myocardial infarction of more
than 30 min but less than 24 h and ST-segment elevation of more than 1 mV in two
adjacent electrocardiograph (ECG) leads. Exclusion criteria were severe renal
dysfunction (glomerular filtration rate (GFR) <30 ml/min or serum creatinine >200
mmol/l (>2.5 mg/dl), therapy resistant cardiogenic shock (systolic blood pressure <80
mmHg for >30 min), persistent severe hypertension (systolic pressure >180 mmHg or
diastolic pressure >110 mmHg), or a contraindication to anticoagulation or increased
risk of bleeding. Also, patients with a left bundle branch block, pregnant and/or breast-
feeding women, and patients with a life expectancy of less than 1 year were excluded.
For the present study, patients with a history of AF were excluded. From each patient,
a written informed consent for participation in the On-TIME 2 study was obtained. The
local ethics committees approved the study protocol.

Measurements

NT-proBNP plasma levels were measured in each patient at baseline after sheath
insertion before PPCI was performed, 24 h after admission and 72 h after admission.
All plasma samples were analysed using an electrochemiluminiscence immunoassay
‘ECLIA” (proBNP kit, Roche Diagnostics, Mannheim, Germany) on an Elecsys 2010
analyser. The assay had a measuring range from 0.6 to 4130 pg/ml and a functional
sensitivity of <50 pg/ml. Creatine kinase-MB isoenzyme (CK-MB) plasma levels were
assessed every 6 hours, until the peak CK-MB was identified.

Treatment

All patients were planned to undergo PPCI and were treated according to the On-TIME
2 study protocol, randomly assigned to (pre-hospital) treatment with tirofiban (25
pg/kg bolus and 0.15 pg/kg/min maintenance infusion for 18 h) or placebo. PPCI was
performed with standard techniques if the coronary anatomy was suitable for
angioplasty. Additional treatment with stents and devices was to the discretion of the
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treating cardiologist. All patients were treated with optimal drug-therapy including
angiotensin-converting enzyme inhibitors, B-blockers, aspirin and a statin. Final
discharge and admission duration was to the discretion of the treating cardiologist,
irrespective of NT-proBNP values.

Endpoints

The primary endpoint was the occurrence of AF/atrial flutter/atrial tachycardia >30
seconds, either on a telemetry strip or on a 12-lead ECG, in accordance with European
guidelines'” within 30 days after admission. Patients were on telemetry during the first
48 hours after admission, and an ECG was performed once every 24 h, or whenever
deemed necessary. Whenever a patient experienced symptoms and was not on
telemetry, an ECG was performed immediately.

Statistical analysis

Continuous variables were expressed as mean with standard deviation (SD). NT-
proBNP plasma values were expressed as mean with SD, range and median value.
STEMI patients who developed AF <30 days after admission for PPCI were
categorized to the ‘incident AF’ group. The patients with incident AF were divided
among three subgroups depending on the timing of the first AF episode. Patients who
developed AF <24 hours after admission were categorized to the ‘AF on admission’
subgroup. Patients who developed AF <30 days after admission, but 24—72 h after
admission were additionally categorized to the ‘AF 24—72 hours after admission’
subgroup. Patients who developed AF <30 days after admission but >72 h after
admission were categorized to the ‘AF >72 h after admission’ subgroup, as displayed
in Figure 1. Baseline characteristics were compared with a Mann-Whitney U-test in
case of continuous variables and Chi-squared test in case of dichotomous or categorical
data, except for previous coronary artery bypass grafting (CABG) and stroke, in which
case a Fisher’s exact test was used due to the number of cells with a value <5. Mean
NT-proBNP values were compared between AF and AF free patients with a Mann-
Whitney U-test. Receiver operating characteristic (ROC) analysis was performed to
determine the area under the curve (AUC) of the three NT-proBNP plasma level
assessment timings in predicting AF in the four groups. ROC curves were compared as
described by Hanley and McNeill"® using Medcalc v13.3.1 (Medcalc Software bvba,
Ostend, Belgium). The association between patient characteristics, biomarkers and
incident AF was assessed with a binary logistic model, with variables being entered in
the model. A multivariate model was created for incident AF and the AF on admission
subgroup, with variables with a P value <0.05 in univariate analysis being eligible to be
entered into the model. No multivariate analysis was performed in the AF 24-72 h
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after admission and AF >72 h after admission subgroups due to the limited number of
endpoints in these subgroups. Whenever a multivariate model was created, use of
study medication was also included in the multivariate model. The difference between
patient age in smoking vs. non-smoking patients was assessed with a Mann-Whitney
U-test. Statistical analysis was performed using IBM SPSS statistics version 20 (IBM
Inc., Armonk, NY, USA). A P value of <0.05 was considered statistically significant.

RESULTS

984 patients were admitted with the diagnosis of STEMI. A total of 861 patients
underwent PPCI. Baseline characteristics of the whole study population have been
previously reported.'' 30-day follow-up was present in 830 patients, who were
included in the analysis. Baseline characteristics of the study population are displayed
in Table 1.

| Included in On-TIME II study (n=984) |

30 day follow-up available (n=830) ‘

| AF during the first 24 hours after admission |# No (n=789) |

AF during the first 72
E@ hours after admission J/

AF during the first30
days after admission

No AF during the first 30
days after admission (n=757)

AF >72 hours after admission (n=18)

AF on admission (n=41)

AF 24-72 hours after admission (n=14)

Incident AF (n=73)

Figure 1. Flow chart of patient categorization into AF subgroups. AF: atrial fibrillation; NT-proBNP:
N-terminal pro-brain natriuretic peptide.
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Table 1. Baseline characteristics

Total AF free Incident AF P

(N=830) (N=757) (N=73) value
Age (years) 62.1 (SD 11.6) 61.5(SD 11.5) 68.4 (SD 10.9) <0.001
Male gender 631/830 (76.0%)  580/757 (76.6%) 51/73 (69.9%) 0.197
BMI (kg/mz) 26.9 (SD 3.7) 26.9 (SD 3.7) 26.4 (SD 3.5) 0.126
Current smoker 402/827 (48.6%)  375/755 (49.7%) 27172 (37.5%) 0.048
Diabetes 89/829 (10.2%) 77/756 (10.2%) 12/73 (16.4%) 0.099
Hypertension 276/830 (33.3%)  251/757 (33.2%) 25/73 (34.2%) 0.850
Hypercholesterolemia 214/829 (25.8%) 195/756 (25.8%) 19/73 (26.0%) 0.965
Killip Class >1 96/821 (11.7%) 78/749 (10.4%) 18/72 (25.0%) <0.001
Previous MI 68/828 (8.2%) 62/755 (8.2%) 6/73 (8.2%) 0.998
Previous PCI 68/830 (8.2%) 65/757 (8.3%) 5/73 (6.8%) 0.661
Previous CABG 12/830 (1.4%) 11/757 (1.5%) 1/73 (1.4%) >0.99
Previous stroke 15/830 (1.8%) 151/757 (2.0%) 0/73 (0%) 0.634

Systolic BP (mmHg) 1309 (SD24.1)  1313(SD23.8)  1262(SD24.6)  0.143

Diastolic BP (mmHg) 76.6 (SD 15.0) 76.8 (SD 14.8) 74.3 (SD 16.1) 0.306
Tirofiban study medication 406/830 (48.9%)  369/757 (48.7%) 37/73 (50.7%) 0.752
Culprit vessel 0.997

Culprit vessel RCA
Culprit vessel LAD
Culprit vessel LCx
TIMI grade flow post PCI <3
NT-proBNP baseline (pg/ml)
hs-cTnT (pg/ml)
Peak CK-MB (U/l)

390/821 (47.5%)
340/821 (41.4%)
91/821 (11.1%)
74/823 (9.0%)
589 (SD 1896)
0.380 (SD 1.27)
216 (SD 197)

355/748 (47.5%)
310/748 (41.4%)
83/748 (11.1%)
62/750 (8.3%)
517 (SD 1490)
0.358 (SD 1.12)
207 (SD 189)

35/73 (47.9%)
30/73 (41.1%)
8/73 (11.0%)
12/73 (16.4%) 0.020
1339 (SD 4178)  <0.001
0.610 (SD 2.32) 0.008
303 (SD 245) 0.001

Data are presented as mean with their SD between parentheses or fraction with percentages where appropriate.

AF, atrial fibrillation; BMI, body mass index; MI, myocardial infarction; PCI, percutaneous coronary intervention;
CABG, coronary artery bypass grafting; BP, blood pressure; RCA, right coronary artery; LAD, left anterior
descending artery; LCx, left circumflex artery; TIMI, thrombolysis in myocardial infarction; NT-proBNP, N-
terminal pro-brain natriuretic peptide; hs-cTnT, high-sensitivity cardiac troponin T; CK-MB, creatine kinase; MB,
isoenzyme. SD, standard deviation.

P value between AF free and incident AF patient groups.

Atrial fibrillation

73 patients (8.8%) developed AF <30 days after STEMI, of whom 41 developed AF
during the first 24 h after admission, 14 patients developed AF 24—72 h after admission
and 18 patients developed AF >72 h after admission, as displayed in Figure 1. Patients
who developed AF were older (61.5 vs. 68.4 years, P<0.001), less often smokers
(49.7% vs. 37.5%), with more often a Killip Class >1 (10.4% vs. 25.0%, P<0.001) and
a Thrombolysis in Myocardial Infarction (TIMI) grade flow <3 after PCI (8.3% vs.
16.4%, P=0.020), with a higher mean NT-proBNP plasma level at baseline (517 vs.
1339 pg/ml, P<0.001), a higher high-sensitivity cardiac troponin T (hs-cTnT) level
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(0.358 vs. 0.610 pg/ml, P=0.007) and a higher peak CK-MB plasma (207 vs. 303 U/L,
P=0.001), as displayed in Table 1. Table 2 displays the NT-proBNP plasma levels at all
three timings.

Association between NT-proBNP and incident AF

NT-proBNP at baseline was a significant predictor of incident AF (AUC 0.657,
P<0.001), as displayed in Table 3. In univariate analysis, age (odds ratio (OR) 1.056,
P<0.001), smoking (OR 0.608, P=0.050), Killip Class >1 (OR 2.868, P<0.001), TIMI
flow post PCI <3 (OR 2.183, P=0.023) and NT-proBNP at baseline (OR 1.128,
P=0.010) were associated with incident AF. Of note, current smokers were
significantly younger compared to non-smokers (57.2 vs. 66.7 years, P<0.001). Table 4
displays the univariate and multivariate analyses for incident AF. In multivariate
analysis, age (adjusted OR 1.058, P<0.001) and Killip Class >1 (adjusted OR 3.253,
P<0.001) were significantly associated with incident AF. Of note, in multivariate
analysis, NT-proBNP at baseline was not associated with incident AF (OR 1.065,
P=0.162).

Table 2. NT-proBNP levels

Total AF free Not AF free P value
NT-proBNP at baseline (N=810)
mean+SD 589 (SD 1896) pg/ml 517 (SD 1490) pg/ml 1339 (SD 4178) pg/ml <0.001
range 9-33927 pg/ml 9-19095 pg/ml 27-33927 pg/ml
median 134 pg/ml 124 pg/ml 270 pg/ml

NT-proBNP after 24 hours (N=652)

meantSD 2150 (SD 2810) pg/ml 1943 (SD 2452) pg/ml 4240 (SD 4735) pg/ml <0.001
range 45-20653 pg/ml 45-20653 pg/ml 312-19497 pg/ml

median 1318 pg/ml 1244 pg/ml 2256 pg/ml

NT-proBNP after 72 hours (N=544)

meantSD 1797 (SD 4289) pg/ml 1377 (SD 2057) pg/ml 7675 (SD 13568) pg/ml <0.001
range 17-25507 17-25507 pg/ml 21424119

median 885 pg/ml 809 pg/ml 3224 pg/ml

Data are presented as mean with their SD between parentheses, range or median.
AF, atrial fibrillation; NT-proBNP, N-terminal pro-brain natriuretic peptide.

P value between mean NT-proBNP values of AF free and not AF-free patients.
P value between mean NT-proBNP values.
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Table 3. Areas under the curve of NT-proBNP for the prediction of atrial fibrillation

NT-proBNP P NT-proBNP P NT-proBNP P
at baseline value after 24 h value after 72 h value
Incident AF 0.657 <0.001 N/A N/A
(SE 0.034)
AF on admission  0.591 0.058 N/A N/A
(SE 0.049)
AF 24-72 h 0.747 0.002 0.829 <0.001 N/A
after admission  (SE 0.060) (SE 0.045)
AF >72 h 0.705 0.003 0.736 0.001 0.891 <0.001
after admission  (SE 0.053) (SE 0.061) (SE 0.057)

Data are presented as AUC (SE). SE, standard error; AF, atrial fibrillation; NT-proBNP, N-terminal pro-brain
natriuretic peptide.

P values of AUC.

P values between AUCs:

AF >24 h after admission NT-proBNP at baseline vs. NT-proBNP after 24 h:  z-statistic 1.177, P=0.239
AF >72 h after admission NT-proBNP at baseline vs. NT-proBNP after 24 h:  z-statistic 3.111, P=0.002
AF >72 h after admission NT-proBNP at baseline vs. NT-proBNP after 72 h:  z-statistic 2.779, P=0.006
AF >72 h after admission NT-proBNP after 24 h vs. NT-proBNP after 72 h:  z-statistic 0.495, P=0.621

Association between NT-proBNP and AF on admission

NT-proBNP at baseline did not significantly predict AF on admission (AUC 0.591,
P=0.058), as displayed in Table 3. In univariate analysis, only Killip Class >1 was
significantly associated with AF on admission (OR 2.694, P=0.010). NT-proBNP at
baseline was not associated with AF on admission (OR 1.044, P=0.473). In
multivariate analysis, only Killip Class >1 was significantly associated with AF on
admission (adjusted OR 2.784, P=0.008). Table 5 displays the univariate and
multivariate analyses for AF on admission.

Association between NT-proBNP and AF 24—72 h after admission

NT-proBNP at baseline was a significant predictor of AF 24—72 h after admission
(AUC 0.747, P=0.002). NT-proBNP after 24 h also significantly predicted AF 24-72 h
after admission (AUC 0.829, P<0.001). There was no significant difference in AUC
between NT-proBNP at baseline and NT-proBNP after 24 h (z-statistic 1.177,
P=0.239), as displayed in Table 3. In univariate analysis, age (OR 1.117, P<0.001),
Killip Class >1 (OR 3.341, P=0.045), TIMI grade flow <3 (OR 4.476, P=0.013), NT-
proBNP plasma level at baseline (OR 1.186, P=0.002) and after 24 h (OR 1.220,
P<0.001), hs-cTnT plasma level (OR 1.027, P=0.001) and peak CK-MB plasma level
(OR 1.213, P=0.047) were significantly associated with AF 24—72 h after admission.
Table 6 displays the univariate analysis for AF 24—72 h after admission.

113



Serial NT-proBNP and new-onset atrial fibrillation

*AI0)IB XOTIWNOIID 9] [ossaa Judino 0} paredros sy,

TRAIUL QOUDPITUOD “ID) ‘OTRISPPO VO <1 wuodoxn ovrpIeo AJANISUas-ySny ‘Juro-sy opndod
IMAINLIRU UIRIg-01d [RUIN)-N ‘dNgOoId- [N AIoe SUrpuadsop JOLRIUR oI ‘('] ‘AIOME ATRU0I00 WS ‘Y)Y UONIIBUL [RIPIBd0AW UI SISAJOqQUIOIY) ‘T[], “oInssaid
poolq ‘J¢ ‘Sunged ssedAq A10)1e A12U0109 ‘DY) TONUSAINUT ATRU0I00 SnoouendIad T)J TONOIBJUT [RIPIROOAU “[IA] XOpUT SSBW Apoq ‘TS SUOTIB[[LIqI [BLE IV

PTOT-L66'0  OI0T  SET°0 (aseanour 1°() Jod) [UI-SY

9¢TI-620'T  8TI'L 0100  (osearour o[ tod) surposeq INHoId- N

UTHOITT  €81T €200 €> 1Dd 1s0d mofy 9pers AL

UTTHP0  P00T  T660 (VT [essaa Judm)

98TT-8SH0  €TOT 9560 *VOY [ossaa Judn)

LYL1-899°0 180T  TSLO UonEoIpaw ApMjs URqLjoIL],

8S0'T-S9L'0 0060  T0TO (BHww [ 1d) gd sroIserq

610T-1€8°0 0760 1110 (BHumu o1 10d) 44 21[0ISAg

00FL=0TL'0  TH6O  SS6°0 DYVO snotaaig

BOTSIE0 0180 7990 IDd SNOTARI]

00FT-LIFO  T00T 8660 TIAL STOTASI]

SEIS-109T  898°C  100°0> [< ssed diry

0SLT-S8¢0  TIOT  $96°0 RIUAT0IRISI[OY01dAT]

TWLT-€€9°0  0SOT 0S80 uorsuoadAT]

PO 1=6L6'0 SO0l TOI0  (sswamdur o[ Jod) sureseq ANFOI-IN  $9€€-568°0  SELT €010 sojRqeI(]

LOS'T-9%9°0 080T  89L0 uonestpour Apms UBQONL, 000 [-0LE0 8090  0S00 IoYOwS JUSIMY)

89T €-THL 0 9¢¢'T  €PETO €>I0d8od MO DNLL 120’ T-+88°0  0S6'0  S9T°0 Nd

680°9-8EHL'T €€TE  100°0> [<sse A 660 1-LIFO  LOLO 8610 a[eu JSpUAD)

780 1—€€0°L 80l 100°0> (120 10d) 03y 180'T-€€0'L  9SO'L  100°0> (1ak 12d) 28y
(0]

10%S6 _ pawsnlpy  onjea 4 QIBLIBATINIAL 10%S6 O onpeA g Q)BLIRATU()

AV JUSPIOUL JOJ SISA[EUE OTEI SPPO PAISIIpE PUB O1RI SPPO) “f AqEL

114



Chapter 8

" AI91TE XI[JWNAITO [ (98524 JLIA[NO 0) parediod sy,

“TRAIOIUI 9OUIPLUOD “TY) SONRISPPO YO I, Urodor) oeIpIes ANANISUIS-TSIH] : U] 9-sy oprndod
onaImieu ureiq-o1d euno)-N ‘INgoId- TN A1oure Surpuaosop Iouaue Jo ‘(I ] ‘AIo)e A1eu0I09 1S “yY UOTIOIRJUT [BIPIRIOAUT UT SISAJOqUIONY) ‘TALL omssord
Poolq ‘dq Sunyeis ssedAq A1o1re A1RU0I09 ‘DY) TUOTIUSAINUI ATRU0I00 snodurnatad TDJ SUONIIRUI [RIPIRIOAUL ‘[ Xopul sseul Apoq ‘TN SUONR[LIqY] [BLOR Iy

620" T-6¥60 8860 9550 (esearour [ () Jod) [uLo-sy

PLI 18260 20! €LY O (aseanour 0Q 1 20d) duraseq NI LN

OF1'S—8€6'0 L61'T 0L00 £> 10d 3s0d mofy aped AL

P8ET-€0E 0 6780 LSLO «QV'T 10ssoA Judm)

LS T6£€°0 0£6°0 L88°0 «* VO [0ssaa ud[n)

€98 1-1€5°0 v66°0 9860 UONEITPIW APTS UBQLOIL],

L8T'1-08L°0 €960 €2L0 (BHw (1 1od) J¢ Ar10IseI(]

FTO'T-T8L0 $68°0 901°0 (S o 30d) J¢T Or[oIsAS

SE0PI-€TT0 89L'1 0650 DYV SNomdIf

166'1-9€0°0 6970 661°0 IDd snoma1g

616T-€920 LLO 0€8°0 N SnoradIg

0L SELTT v69'T 0100 < sse[) drrsy

LOST-T1€70 $89°0 LYE0 BIWD[010)$0]0Y210dAH

691 1-65T°0 0550 0T10 uoIsuIdAT]

0LST-11€0 7680 SE8°0 sejeqeI(]

STTTET9°0 SLI'L r19°0 IoYOMWS JULIMY)

7078950 8L0'L 8180  uonEoIpour Apmjs UBqUOIL], €0 1-6¥8°0 9¢6'0 7810 INd
616'S01€'1 ¥8L'T 800°0 [< sse[D diry 60€ T-LEC0 £99°0 LETO S[eUI IOPUSD
LSO 18660 LT0'1 £90°0 (1o 10d) 28y 750'1-966'0 O] 6600 (1eak 12d) 05y
10%S6 MO pawsnfpy  onea g QIBLIZATMAL 1D %S6 YO ompead SJBLIBATU()

UOISSTWIPE U0 Ty JOJ SISATRUR OTJeI Sppo pajsnipe pue onel sppQ) 'S dqe],

115



Serial NT-proBNP and new-onset atrial fibrillation

Table 6. Odds ratio analysis for AF 24—72 h after admission

Univariate P value OR 95%CI

Age (per year) <0.001 1.117 1.050-1.188
Gender male 0.287 0.548 0.182-1.657
BMI 0.287 0.916 0.778-1.077
Current smoker 0.055 0.285 0.079-1.030
Diabetes 0.208 2.302 0.629-8.419
Hypertension 0.206 1.981 0.687-5.707
Hypercholesterolemia 0.686 0.767 0.212-2.777
Killip Class >1 0.045 3.341 1.025-10.895
Previous MI 0.878 0.852 0.110-6.619
Systolic BP (per 10 mmHg) 0.702 1.044 0.839-1.298
Diastolic BP (per 10 mmHg) 0317 0.827 0.570-1.199
Tirofiban study medication 0.324 0.575 0.191-1.730
Culprit vessel RCA* 0.756 1.401 0.166-11.792
Culprit vessel LAD* 0.558 1.877 0.228-15.465
TIMI grade flow post PCI <3 0.013 4.476 1.365-14.682
NT-proBNP baseline (per 1000 increase) 0.002 1.186 1.063-1.324
NT-proBNP 24 h (per 1000 increase) <0.001 1.220 1.112-1.340
hs-cTnT (per 0.1 increase) 0.001 1.027 1.011-1.043
Peak CK-MB (per 100 increase) 0.047 1.213 1.003-1.467

AF, atrial fibrillation; BMI, body mass index; MI, myocardial infarction; PCI, percutaneous coronary intervention;
CABG, coronary artery bypass grafting; BP, blood pressure; TIMI, thrombolysis in myocardial infarction; RCA,
right coronary artery; LAD, left anterior descending artery; NT-proBNP, N-terminal pro-brain natriuretic peptide;
hs-cTnT, high-sensitivity cardiac troponin T; OR, odds ratio; CI, confidence interval.

*As compared to culprit vessel left circumflex artery.

Association between NT-proBNP and AF >72 h after admission

NT-proBNP at baseline (AUC 0.705, P=0.003), after 24 h (AUC 0.736, P=0.001) and
after 72 h (AUC 0.891, P<0.001) significantly predicted AF >72 h after admission, as
displayed in Table 3. NT-proBNP after 24 hours was a significantly stronger predictor
of AF >72 hours after admission compared to NT-proBNP at baseline (z-statistic
3.111, P=0.002). Furthermore, NT-proBNP after 72 h was a significantly stronger
predictor of AF >72 h after admission compared to NT-proBNP at baseline (z-statistic
2.779, P=0.006). There was no significant difference in AUC between NT-proBNP
after 24 h and NT-proBNP after 72 h in the prediction of AF (z-statistic 0.495,
P=0.621), as displayed in Table 3. In univariate analysis, age (OR 1.094, P<0.001),
current smoking (OR 0.203, P=0.012), history of diabetes (OR 3.392, P=0.024),
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(OR 3.147, P=0.049) NT-proBNP after 24 h (OR 1.193, P<0.001) and after 72 h (OR
1.290, P<0.001) and peak CK-MB plasma level (OR 1.230, P=0.014) were
significantly associated with AF >72 h after admission. In univariate analysis, NT-
proBNP at baseline was not associated with AF >72 h after admission (OR 1.070,
P=0.539). Of note, current smokers were significantly younger compared to non-
smokers (57.0 vs. 66.2 years, P<0.001). Table 7 displays the univariate analysis for AF
>72 h after admission.

Table 7. Odds ratio analysis for AF >72 h after admission

Univariate P value OR 95% CI

Age (per year) <0.001 1.094 1.041-1.150
Gender male 0.909 1.068 0.347-3.286
BMI 0.941 1.005 0.885-1.141
Current smoker 0.012 0.203 0.058-0.706
Diabetes 0.024 3.392 1.177-9.770
Hypertension 0.142 2.016 0.790-5.141
Hypercholesterolemia 0.083 2.302 0.896-5.915
Killip Class >1 0.121 2.458 0.789-7.652
Previous MI 0.661 1.397 0.314-6.217
Previous PCI 0.049 3.147 1.006-9.848
Systolic BP (per 10 mmHg) 0.262 0.891 0.728-1.090
Diastolic BP (per 10 mmHg) 0.256 0.832 0.606-1.143
Tirofiban study medication 0.141 2.103 0.781-5.661
Culprit vessel RCA* 0.949 1.052 0.223-4.960
Culprit vessel LAD* 0.936 0.937 0.191-4.595
TIMI grade flow post PCI <3 0.681 0.653 0.085-4.987
NT-proBNP baseline (per 1000 increase) 0.539 1.070 0.862-1.329
NT-proBNP 24 h (per 1000 increase) <0.001 1.193 1.088-1.308
NT-proBNP 72 h (per 1000 increase) <0.001 1.290 1.151-1.447
hs-cTnT (per 0.1 increase) 0.513 0.970 0.884-1.063
Peak CK-MB (per 100 increase) 0.014 1.230 1.044-1.450

AF, atrial fibrillation; BMI, body mass index; MI, myocardial infarction; PCI, percutaneous coronary intervention;
CABG, coronary artery bypass grafting; BP, blood pressure; TIMI, thrombolysis in myocardial infarction; RCA,
right coronary artery; LAD, left anterior descending artery; NT-proBNP, N-terminal pro-brain natriuretic peptide;
hs-cTnT, high-sensitivity cardiac troponin T; OR, odds ratio; CI, confidence interval.

*As compared to culprit vessel left circumflex artery.
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DISCUSSION

This study reports the temporal association between serial NT-proBNP plasma level
assessments at different timings after admission and the development of AF in the
setting of STEMI. Of note, NT-proBNP plasma level at baseline was not associated
with incident AF in multivariate analysis and did not predict AF on admission. NT-
proBNP at baseline did predict AF 24—72 h and >72 h after admission. However, NT-
proBNP plasma level assessment 24 and 72 h after admission were stronger predictors
of AF >72 h after admission compared to NT-proBNP at baseline.

NT-proBNP and incident AF

The association between NT-proBNP and AF has been previously reported in the
general population'* and previous studies have reported an association between NT-
proBNP and incident AF.>" Presumably, the increased LV diastolic pressure that
results in an increase of NT-proBNP plasma level also results in an increased atrial
stretch, inflammation and myocardial ischemia, which play a key role in the
development of AF.'™'” This study is in accordance with these studies. However, in
this study, NT-proBNP assessments were performed at three distinct timings.

NT-proBNP at baseline

This study indicates that although NT-proBNP plasma level assessment at baseline is a
significant predictor of AF, the accuracy is only 0.657. However, in multivariate
analysis, NT-proBNP at baseline was not associated with incident AF. Furthermore,
NT-proBNP at baseline was not associated with AF on admission. The incidence of AF
is thought to be influenced by atrial pressure, and thus heart failure. NT-proBNP levels
substantially rise in a semi-acute fashion in acute heart failure. Possibly, the baseline
assessment of NT-proBNP does not reflect the acutely elevated atrial pressure and
clinical manifestations of heart failure at that moment. Furthermore, other factors such
as the time to hospital admission and differences in the PPCI procedure may induce
heterogeneity in patients, reducing the overall predictive value of NT-proBNP.

Incident AF after STEMI and hs-¢TnT
In-hospital incident AF after STEMI has been associated with an increased left
ventricular diastolic dysfunction, atrial oxidative stress and end diastolic pressure,

16,18,19 .
> Furthermore, atrial

which may increase atrial stretch and atrial pressure.
dysfunction, atrial ischemia, pericarditis, congestive heart failure due to ischemia, atrial
reverse remodeling and enhanced sympathetic tone may also play an important role in

AF in the setting of STEML*** An increased sympathetic tone in STEMI patients is
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associated with worse outcome after 2 years.”> Incident AF is associated with a higher
rate of death, re-infarction, cardiogenic shock and ventricular arrhythmias, and
therefore, identification of potentially high-risk patients is important.™® In accordance
with previous studies in the healthy population® and in STEMI patients,” age has a
strong association with the development of new-onset AF. Of note, previous studies
did not report an association between hs-cTnT and AF.” Although incident AF was not
associated with hs-cTnT in univariate analysis in our present analysis, AF >24 h after
admission was significantly associated with hs-cTnT plasma level. Since hs-cTnT was
assessed during the first 72 h after admission in the literature, perhaps an analysis with
strict serial hs-cTnT assessment timings and peak hs-cTnT assessment may elucidate
this association.

Implications on current clinical practice

This study changes the perspective on the association between NT-proBNP and AF in
STEMI patients since NT-proBNP at baseline is a weak predictor of AF, and was not
associated with AF in multivariate analysis. This suggests that the predictive
characteristics of NT-proBNP plasma level assessment may alter in the days after
admission, resulting in the observation that NT-proBNP 24 h and 72 h after admission
were stronger predictors of AF. Therefore, NT-proBNP assessed 24 h or 72 h after
admission, and not NT-proBNP at baseline, could serve as biomarker in assessing risk
of incident AF in STEMI patients treated with PPCIL.

Limitations

The current study is a substudy of the On-TIME 2 study and therefore, a predefined
power assessment was not made for the relation of NT-proBNP and incident AF, and
multivariate analysis in the AF 24—72 h and >72 h after admission subgroups could not
be performed. Therefore, this study did not determine if the association between NT-
proBNP and AF was independent for other variables, such as infarction size and Killip
Class. Although all variables were prospectively registered, the present study is a post-
hoc cross-sectional analysis. All patients were kept on telemetry for at least 48 h, but
thereafter, an ECG was performed once daily. This may have caused several AF
episodes not to have been documented, and therefore have influenced the outcome of
this study. Furthermore, analysis was limited to those having complete data sets.
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CONCLUSION

This study shows that serial NT-proBNP plasma levels, especially determined 24 to 72
h after admission, may help to enhance risk stratification of patients at risk of
developing incident AF in the setting of STEMI. Baseline values of NT-proBNP did
not predict AF on admission in the present study.
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ABSTRACT

Aims. Previous reports claimed that high-sensitivity troponin T (HsTnT) is not
associated with atrial fibrillation (AF) in the setting of acute ST-elevation myocardial
infarction (STEMI) and primary percutaneous coronary intervention. However, the
association of serial HsTnT levels and new-onset AF is unknown. Therefore we
assessed the temporal association between HsTnT levels and post-infarction AF.
Methods and Results. 830 patients enrolled in On-TIME 2 were included. HsTnT was
assessed at baseline, 24 h and 72 h after admission for STEMI. New-onset AF episodes
were divided among three subgroups: AF during the first 24 h of admission, AF 24—72
h after admission and AF >72 h after admission. ROC analysis and binary logistic
regression were performed. Mean age was 62+12 years and 76% were male. Seventy-
three patients developed new-onset AF: 41 patients developed AF during the first 24 h
of admission, 14 patients developed AF 24—72 h after admission and 18 patients
developed AF >72 h after admission. HsTnT at baseline was associated with new-onset
AF (area under curve (AUC) 0.596, P=0.008), but not with AF during the first 24 h of
admission (AUC: 0.539, P=0.414). HsTnT after 24 h (AUC 0.792, P=0.001) and after
72 h (AUC: 0.884, P<0.001) were associated with AF 24—72 h and >72 h after
admission. HsTnT after 24 h and 72 h were stronger predictors of AF compared to
HsTnT at baseline. In regression analysis, age (odds ratio (OR) 1.056, P<0.001), Killip
Class >1 (OR: 2.694, P=0.010) and HsTnT after 24 h (OR: 1.012, P=0.017) and after
72 h (OR: 1.035, P<0.001) showed the strongest association with post-infarction AF.
Conclusion. Serial HsTnT plasma levels are associated with post-infarction, new-onset
AF.

INTRODUCTION

New-onset atrial fibrillation (AF) occurs in 5-23% of patients admitted due to ST-
elevation myocardial infarction (STEMI)' ™ and is associated with impaired long-term
cardiovascular outcome, including a 40% increase in mortality.s’6 A recent study
showed that new-onset AF after STEMI was not related to high-sensitivity troponin T
HsTnT) plasma levels.” However, HsTnT was assessed somewhere during the first 72
h after admission and thus no data was reported on the relationship between timing of
HsTnT plasma level assessment and timing of onset of AF in the setting of STEMI.
The aim of this study was to investigate if assessment of HsTnT plasma levels at three
distinct timings enhances the risk stratification of patients developing AF after a
primary percutaneous coronary intervention (PPCI) in STEMI patients.
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METHODS

Our population consisted of patients with a STEMI, who were admitted for PPCI and
included in the Ongoing Tirofiban in Myocardial Infarction Evaluation (On-TIME) 2
study,®’ a prospective, multicenter, placebo-controlled, randomized, clinical trial. The
rationale, design and primary results of On-TIME 2 have been previously described.’
Briefly, enrollment was from June 2006 to November 2007. Eligible patients were
aged 21-85 years with symptoms of acute myocardial infarction of more than 30 min
but less than 24 h and ST-segment elevation of more than 1 mV in two adjacent
electrocardiograph (ECG) leads. Exclusion criteria were severe renal dysfunction
(glomerular filtration rate <30 ml/min or serum creatinine >200 mmol/l (>2.5 mg/dl),
therapy-resistant cardiogenic shock (systolic blood pressure <80 mmHg for >30 min),
persistent severe hypertension (systolic pressure >180 mmHg or diastolic pressure
>110 mmHg), or a contraindication to anticoagulation or increased risk of bleeding.
Also, patients with a left bundle branch block, pregnant and/or breastfeeding women,
and patients with a life expectancy of less than 1 year were excluded. For the present
study, patients with a history of AF were excluded. From each patient, a written
informed consent for participation in the On-TIME 2 study was obtained. The local
ethics committees approved the study protocol.

Treatment

All patients were planned to undergo PPCI and were treated according to the On-TIME
2 study protocol, randomly assigned to (pre-hospital) treatment with tirofiban (25
pg/kg bolus and 0.15 pg/kg/min maintenance infusion for 18 h) or placebo. PPCI was
performed with standard techniques if the coronary anatomy was suitable for
angioplasty. Additional treatment with stents and devices was to the discretion of the
treating cardiologist. All patients were treated with optimal drug-therapy including
angiotensin-converting enzyme inhibitors, B-blockers, aspirin and a statin. Final
discharge and admission duration was to the discretion of the treating cardiologist,
irrespective of HsTnT values.

Measurements

HsTnT plasma levels were measured in each patient at baseline after sheath insertion
before PPCI was performed, 24 h after admission and 72 h after admission. All plasma
samples were analyzed in a core laboratory (Heidelberg, Germany), using the 4"
generation HsTnT assay by Roche (Roche group, Basel, Switzerland), with a lower
limit of detection of 0.010 pg/ml and a 10% CV of 0.035.

126



Chapter 9

| Included in On-TIME II study (n=984) |

!

‘ 30 day follow-up available (n=830) ‘

| AF during the first 24 hours after admission |%| No (n=789) I

AF during the first 72
Yes (@=41) hours after admission J/

AF during the first 30
days after admission

No AF during the first 30
days after admission (n=757)

AF >72 hours after admission (n=18)

AF 24-72 hours after admission (n=14)

Incident AF (n=73)

Figure 1. Flow chart of patient categorization into AF subgroups. AF, atrial fibrillation.

Endpoints

The primary endpoint was the occurrence of AF/atrial flutter/atrial tachycardia >30
seconds, either on a telemetry strip or on a 12-lead ECG, in accordance with European
guidelines within 30 days after admission. Patients were on telemetry during the first
48 hours after admission, and an ECG was performed once every 24 h, or whenever
deemed necessary. Whenever a patient experienced symptoms and was not on
telemetry, an ECG was performed immediately.

Statistical analysis

Of all patients included in the On-TIME 2 study, patients with 3 HsTnT plasma level
assessments were included. Continuous variables were expressed as mean with
standard deviation (SD). HsTnT plasma values were expressed as mean with SD, range
and median value. Patients who had their first episode of AF <30 days after admission
were categorized to the ‘new-onset AF’ group. Patients who had their first AF episode
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on the first day of admission were categorized to the ‘AF during the first 24 h of
admission’ subgroup. Patients who developed AF 24-72 h after admission were
categorized to the ‘AF 24—72 h after admission’ subgroup. Patients who developed AF
<30 days after admission but >72 hours after admission were categorized to the ‘AF
>72 h after admission’ subgroup, as displayed in Figure 1. Baseline characteristics
were compared with a Mann-Whitney U-test in case of continuous variables and Chi-
squared test in case of dichotomous or categorical data, except when the number of
cells with a value of <5 exceeded 20%, in which case a Fisher’s exact test was used.
HsTnT plasma level assessments were performed at baseline, 24 h after admission and
72 h after admission. Receiver operating characteristic (ROC) analysis was performed
to determine the area under the curve (AUC) of the three HsTnT plasma level
assessment timings in predicting AF in the three groups. ROC curves were compared
as described by Hanley and McNeilllO, using Medcalc v13.3.1 (Medcalc Software
bvba, Ostend, Belgium). The association between patient characteristics, biomarkers
and new-onset AF was assessed with a binary logistic model, with variables being
entered in the model. A multivariate model was created for the new-onset AF group
and the AF during the first 24 h of admission subgroup, with variables with a P value
of <0.05 in univariate analysis being eligible to be entered into the model. No
multivariate analysis was performed in the AF 24—72 h after admission and AF >72 h
after admission subgroups due to the limited number of endpoints in these subgroups.
Whenever a multivariate model was created, use of study medication was also included
in the multivariate model. Statistical analysis was performed using IBM SPSS statistics
version 20 (IBM Inc., Armonk, NY, USA). A P value of <0.05 was considered
statistically significant.

RESULTS

Nine hundred and eighty-four patients were admitted with the diagnosis of STEMI. A
total of 861 patients underwent PPCI. Baseline characteristics of the whole study
population have been previously reported.” 30-day follow-up was present in 830
patients who were included in the analysis. Baseline characteristics of the study
population are displayed in Table 1 and medication use on admission is displayed in
the supplemental Table 1.

128



Chapter 9

Table 1. Baseline characteristics

Total AF free New-onset AF P
(N=830) (N=757) (N=73) value

Age (years) 62.1£11.6 61.5+11.5 68.4+10.9 <0.001
Male gender 631/830 (76.0%)  580/757 (76.6%) 51/73 (69.9%) 0.197
BMI (kg/m®) 26.9+3.7 26.9+3.7 26.4+3.5 0.126
Current smoker 402/827 (48.6%)  375/755 (49.7%) 27/72 (37.5%) 0.048
Diabetes 89/829 (10.2%) 77/756 (10.2%) 12/73 (16.4%) 0.099
Hypertension 276/830 (33.3%)  251/757 (33.2%) 25/73 (34.2%) 0.850
Hypercholesterolemia 214/829 (25.8%)  195/756 (25.8%) 19/73 (26.0%) 0.965
Killip Class >1 96/821 (11.7%) 78/749 (10.4%) 18/72 (25.0%) <0.001
Heart rate on admission 72.1 £12.6 71.8+12.2 75.0£16.0 0.227
Previous MI 68/828 (8.2%) 62/755 (8.2%) 6/73 (8.2%) 0.998
Previous PCI 68/830 (8.2%) 65/757 (8.3%) 5/73 (6.8%) 0.661
Previous CABG 12/830 (1.4%) 11/757 (1.5%) 1/73 (1.4%) >0.99*
Previous stroke 15/830 (1.8%) 151/757 (2.0%) 0/73 (0%) .634*
Systolic BP (mmHg) 130.9 £24.1 131.3+23.8 126.2+24.6 0.143
Diastolic BP (mmHg) 76.6 £15.0 76.8+£14.8 74.3£16.1 0.306
Tirofiban study medication 406/830 (48.9%)  369/757 (48.7%) 37/73 (50.7%) 0.752
Culprit vessel 0.997

Culprit vessel RCA 390/821 (47.5%)  355/748 (47.5%) 35/73 (47.9%)

Culprit vessel LAD 340/821 (41.4%)  310/748 (41.4%) 30/73 (41.1%)

Culprit vessel LCx 91/821 (11.1%) 83/748 (11.1%) 8/73 (11.0%)
Number of diseased vessels 0.227

Single vessel 447/830 416/757 31/73

Dual vessel 238/830 211/757 27173

Triple vessel 137/830 123/757 14/73

Left main 8/830 7/757 1/73
TIMI grade flow post PCI <3 74/823 (9.0%) 62/750 (8.3%) 12/73 (16.4%) 0.020
NT-proBNP baseline (pg/ml) 589+1896 517+1490 1339+4178 <0.001
HScTnT (pg/ml) 0.380+1.27 0.358+1.12 0.610+2.32 0.008
Peak CK-MB (U/l) 216197 207+189 3034245 0.001

Data are presented as mean with +SD or fraction with percentages where appropriate. AF, atrial fibrillation; BMI,
body mass index; MI, myocardial infarction; PCI: percutaneous coronary intervention, CABG, coronary artery
bypass grafting; BP, blood pressure; RCA, right coronary artery; LAD, left anterior descending artery; LCx, left
circumflex artery; TIMI, thrombolysis in myocardial infarction; NT-proBNP, N-terminal pro-brain natriuretic
peptide; HScTnT, high-sensitivity cardiac troponin T; CK-MB, creatine kinase MB isoenzyme.

P value between AF free and new-onset AF patient groups. * Fisher's exact test.

129



Association of serial Hs troponin T with onset of atrial fibrillation

Incidence of atrial fibrillation

Seventy-three patients (8.8%) developed new-onset AF <30 days after STEMI. AF was
present on the first ECG in 22 patients, 29 patients developed AF during the first 24 h
after admission. Thus, 41 patients developed AF during the first 24 h after admission.
Furthermore, 14 patients developed AF 24-72 h after admission and 18 patients
developed AF >72 h after admission, as displayed in Figure. 1. Patients who developed
AF were older (61.5 vs. 68.4 years, P<0.001), less often smokers (49.7% vs. 37.5%,
P=0.048), with more often a Killip Class >1 (10.4% vs. 25.0%, P<0.001) and a
Thrombolysis in Myocardial Infarction (TIMI) grade flow <3 after PCI (8.3% vs.
16.4%, P=0.020), with a higher mean NT-proBNP plasma level (517 vs. 1339 pg/ml,
P<0.001), a higher HsTnT level (0.358 vs. 0.610 pg/ml, P=0.007) and a higher peak
CK-MB plasma (207 vs. 303 U/l, P=0.001), as displayed in Table 1. Patients with AF
were using B-blockers (16.9% vs. 27.4%, P=0.025) and oral antidiabetics (7.1% vs.
16.4%, P=0.005) significantly more often than patients without AF, as displayed in the
online supplemental Table 1. Table 2 displays the HsTnT plasma levels at all three
timings.

Association between HsTnT and new-onset AF

HsTnT at baseline was significantly associated with new-onset AF (AUC 0.594,
P=0.010), as displayed in Table 3. In univariate analysis, age (odds ratio (OR) 1.056,
P<0.001), smoking (OR 0.608, P=0.050), Killip Class >1 (OR 2.868, P<0.001), TIMI
flow post PCI <3 (OR 2.183, P=0.023) and NT-proBNP (OR 1.128, P=0.010) were
associated with new-onset AF. Of note, current smokers were significantly younger
compared to non-smokers (57.2 vs. 66.7 years, P<0.001). HsTnT was not associated
with new-onset AF in univariate analysis (OR 1.010, P=0.135). In multivariate
analysis, age (adjusted OR 1.058, P<0.001) and Killip Class >1 (adjusted OR 3.253,
P<0.001) were significantly associated with new-onset AF. Table 4 displays the
univariate and multivariate analyses for new-onset AF.

Baseline HsTnT and AF during the first 24 h of admission

HsTnT at baseline was not significantly associated with AF during the first 24 h of
admission (AUC 0.532, P=0.502), as displayed in Table 3. In univariate analysis, only
Killip Class >1 was significantly associated with AF during the first 24 h of admission
(OR 2.694, P=0.010). HsTnT at baseline was not associated with AF during the first 24
h of admission (OR 0.988, P=0.556). In multivariate analysis, only Killip Class >1 was
significantly associated with AF during the first 24 h of admission (adjusted OR 2.784,
P=0.008). Table 5 displays the univariate and multivariate analyses.
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Table 2. HsTnT levels

Total AF free New-onset AF P value
(N=830) (N=757) (N=73)

HsTnT at baseline (pg/ml)

Mean+SD 0.380+1.275 0.358+1.125 0.610+2.319 0.008

Range 0.009-18.620 0.009-12.870 0.009-8.620

Median 0.041 0.036 0.061

HsTnT after 24 h (pg/ml)

Mean+SD 3.367+3.304 3.164+3.144 5.414+4.122 <0.001

Range 0.009-27.800 0.009-27.800 0.437-18.290

Median 2.450 pg/ml 2.350 4.270

HsTnT after 72 h (pg/ml)

Mean+SD 2.330 £2.154 2.168+1.988 4.594+3.001 <0.001

Range 0.009-17.730 0.009-17.730 1.050-14.330

Median 1.845 1.700 3.940

Data are presented as mean+SD, range or median. AF, atrial fibrillation; HsTnT, high-sensitivity troponin T.
P value between mean HsTnT values of AF free and new-onset AF patient groups is presented.

Table 3. Receiver operator characteristic of HsTnT in the prediction of new-onset atrial fibrillation

HsTnT P HsTnT Pvalue HsTnT P value
at baseline value after 24 h after 72 h
New-onset AF 0.594+0.035 0.010
AF during the first 0.532+0.047 0.502
24 h of admission
AF 24-72 h after 0.747+0.071 0.002 0.7894+0.053  0.001
admission
AF >72 h after 0.589+0.057 0.195 0.799+0.053  <0.001  0.884+0.049 <0.001
admission

Data are presented as AUCESEM.
AF, atrial fibrillation; HsTnT, high-sensitivity troponin T; SEM, standard error of the mean.

P values between AUCs:

AF 2472 h after admission; HsTnT at baseline vs. HsTnT after 24 h:
HsTnT at baseline vs. HsTnT after 24 h:
HsTnT at baseline vs. HsTnT after 72 h:
HsTnT after 24 h vs. HsTnT after 72 h:

AF >72 h after admission;
AF >72 h after admission;
AF >72 h after admission;

z-statistic 0.655,
z-statistic 4.080,
z-statistic 4.478,

z-statistic 0.521, P=0.602

P=0.513.
P<0.001.
P<0.001.
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Association of serial Hs troponin T with onset of atrial fibrillation

Serial HsTnT levels and AF 24—72 h after admission

HsTnT at baseline was associated with AF 24—72 h after admission (AUC 0.747,
P=0.002). HsTnT after 24 h was also significantly associated with AF 24—72 h after
admission (AUC 0.789, P=0.001). HsTnT after 24 h did not show a stronger
association with AF 24-72 h after admission, compared to HsTnT at baseline (z-
statistic 0.655, P=0.513), as displayed in Table 3. In univariate analysis, age (OR
1.117, P<0.001), Killip Class >1 (OR 3.341, P=0.045), TIMI grade flow <3 (OR 4.476,
P=0.013), left main vessel disease (OR 14.964, P=0.022), NT-proBNP plasma level
(OR 1.186, P=0.002) HsTnT at baseline (OR 1.027, P=0.001) and after 24 h (OR
1.012, P=0.017) and peak CK-MB plasma level (OR 1.213, P=0.047) were
significantly associated with AF 24-72 h after admission. Table 6 displays the
univariate analysis for AF 24—72 h after admission.

Table 6. Odds ratio and adjusted odds ratio analysis for AF 24—72 h after admission

Univariate P value OR 95%CI

Age (per year) <0.001 1.117 1.050-1.188
Gender male 0.287 0.548 0.182-1.657
BMI 0.287 0916 0.778-1.077
Current smoker 0.055 0.285 0.079-1.030
Diabetes 0.208 2.302 0.629-8.419
Hypertension 0.206 1.981 0.687-5.707
Hypercholesterolemia 0.686 0.767 0.212-2.777
Killip Class >1 0.045 3.341 1.025-10.895
Previous MI 0.878 0.852 0.110-6.619
Systolic BP (per 10 mmHg) 0.702 1.044 0.839-1.298
Diastolic BP (per 10 mmHg) 0.317 0.827 0.570-1.199
Tirofiban study medication 0.324 0.575 0.191-1.730
Culprit vessel RCA* 0.756 1.401 0.166-11.792
Culprit vessel LAD* 0.558 1.877 0.228-15.465
TIMI grade flow post PCI <3 0.013 4.476 1.365-14.682
Dual-vessel disease** 0.056 3.348 0.970-11.562
Triple-vessel disease** 0.584 1.612 0.292-8.899
Left main + other vessel** 0.022 14.964 1.478-151.53
NT-proBNP (per 1000 increase) 0.002 1.186 1.063-1.324
HScTnT at baseline (per 0.1 increase) 0.001 1.027 1.011-1.043
HScTnT 24 h (per 0.1 increase) 0.017 1.012 1.002-1.023
Peak CK-MB (per 100 increase) 0.047 1.213 1.003-1.467

AF, atrial fibrillation; BMI, body mass index; MI, myocardial infarction; PCI, percutaneous coronary intervention;
CABG, coronary artery bypass grafting; BP, blood pressure; TIMI, thrombolysis in myocardial infarction; RCA,
right coronary artery; LAD, left anterior descending artery; NT-proBNP, N-terminal pro-brain natriuretic peptide;
HScTnT, high-sensitivity cardiac troponin T; OR, odds ratio; CI, confidence interval.

*As compared to culprit vessel left circumflex artery. **As compared to single-vessel disease.
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Table 7. Odds ratio and adjusted odds ratio analysis for AF >72 h after admission

Univariate P value OR 95%CI

Age (per year) <0.001 1.094 1.041-1.150
Gender male 0.909 1.068 0.347-3.286
BMI 0.941 1.005 0.885-1.141
Current smoker 0.012 0.203 0.058-0.706
Diabetes 0.024 3.392 1.177-9.770
Hypertension 0.142 2.016 0.790-5.141
Hypercholesterolemia 0.083 2.302 0.896-5.915
Killip Class >1 0.121 2.458 0.789-7.652
Previous MI 0.661 1.397 0.314-6.217
Previous PCI 0.049 3.147 1.006-9.848
Systolic BP (per 10 mmHg) 0.262 0.891 0.728-1.090
Diastolic BP (per 10 mmHg) 0.256 0.832 0.606-1.143
Tirofiban study medication 0.141 2.103 0.781-5.661
Culprit vessel RCA* 0.949 1.052 0.223-4.960
Culprit vessel LAD* 0.936 0.937 0.191-4.595
TIMI grade flow post PCI <3 0.681 0.653 0.085-4.987
Dual-vessel disease** 0.015 5.258 1.381-20.023
Triple-vessel disease** 0.003 7.892 2.011-30.975
Left main + other vessel** N/A

NT-proBNP (per 1000 increase) 0.539 1.070 0.862-1.329
HScTnT at baseline (per 0.1 increase) 0.513 0.970 0.884-1.063
HScTnT 24 h (per 0.1 increase) <0.001 1.018 1.010-1.027
HScTnT 72 h (per 0.1 increase) <0.001 1.0358 1.015-1.055
Peak CK-MB (per 100 increase) 0.014 1.230 1.044-1.450

AF, atrial fibrillation; BMI, body mass index; MI, myocardial infarction; PCI, percutaneous coronary intervention;
CABG, coronary artery bypass grafting; BP, blood pressure; TIMI, thrombolysis in myocardial infarction; RCA,
right coronary artery; LAD, left anterior descending artery; NT-proBNP, N-terminal pro-brain natriuretic peptide;
HScTnT, high-sensitivity cardiac troponin T; OR, odds ratio; CI, confidence interval.

*As compared to culprit vessel left circumflex artery. **As compared to single-vessel disease.

Serial HsTnT levels and AF >72 h after admission

Baseline HsTnT was not associated with AF >72 h after admission (AUC 0.589,
P=0.195). HsTnT after 24 h (AUC 0.799, P<0.001) and after 72 h (AUC 0.884,
P<0.001) were associated with AF >72 h after admission, as displayed in Table 3.
HsTnT after 24 h (z-statistic 4.080, P<0.001) and after 72 h (z-statistic 4.478, P<0.001)
were significantly stronger predictors of AF >72 h after admission, compared to HsTnT
at baseline. There was no significant difference in AUC between HsTnT after 24 h and
HsTnT after 72 h in the prediction of AF (z-statistic 0.521, P=0.602), as displayed in
Table 3. In univariate analysis, age (OR 1.094, P<0.001), current smoking (OR 0.203,
P=0.012), history of diabetes (OR 3.392, P=0.024), previous percutaneous coronary
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intervention (OR 3.147, P=0.049), dual (OR 5.258, P=0.015) and triple-vessel disease
(OR 7.892, P=0.003), HsTnT after 24 h (OR 1.018, P<0.001) and after 72 h (OR 1.035,
P<0.001) and peak CK-MB plasma level (OR 1.230, P=0.014) were significantly
associated with AF >72 h after admission. In univariate analysis, HsTnT at baseline
was not associated with AF >72 h after admission (OR 0.970, P=0.513). Of note,
current smokers were significantly younger compared to non-smokers (57.0 vs. 66.2
years, P<0.001). Table 7 displays the univariate analysis for AF >72 h after admission.

DiscussIioN

This study is to the best of our knowledge the first study that reports the temporal
association between HsTnT plasma level assessments at different timings after
admission and the development of AF in the setting of STEMI. In line with previous
studies, HsTnT at baseline was not associated with new-onset AF and AF during the
first 24 h of admission in univariate analysis. In contrast to previous studies, HsTnT
was significantly associated with onset of AF 24—72 h and >72 h after STEML

New-onset AF after STEMI

In-hospital, new-onset AF after STEMI has been associated with an increased left
ventricular diastolic dysfunction, which negatively impacts atrial stretch and atrial
pressure.'"'> Furthermore, atrial dysfunction and ischemia, pericarditis, congestive
heart failure due to ischemia and enhanced sympathetic tone may also play an
important role in the genesis of postinfarction AF.”™"> New-onset AF is associated
with a higher rate of death, re-infarction, cardiogenic shock and ventricular
arrhythmias, and therefore, identification of potentially high-risk patients is important
and may impact clinical decision making.”® Previous studies already reported that new-
onset AF is most prevalent during the first 24 h after admission.'® In line with previous
studies in the healthy population'” and in STEMI patients,’ patient age has a strong
association with the development of new-onset AF. Furthermore, the association
between Killip Class,18 TIMI flow after PPCI, number of diseased vessels'” and AF has
also been previously described. Furthermore, AF patients used B-blockers and oral
antidiabetic agents significantly more often compared to non-AF patients.
Hypertension and diabetes are known risk factors of AF,” which may potentially
explain this difference. Finally, NT-proBNP was significantly associated with new-
onset AF, which is in line with previous studies in both the healthy general
population”’ and in STEMI patients.”
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HsTnT and new-onset AF

One study showed HsTnT was associated with AF in stroke patients.”> However, other
studies did not find an association between HsTnT and AF in STEMI patients.”” In the
study by Parashar and colleagues,” HsTnT was assessed in the first 72 h after
admission, and all AF episodes were included, without defining the exact time of onset
as in our present study. HsTnT after STEMI shows a typical rise and fall. Therefore,
there may have been a difference in HsTnT plasma levels due to the timing of the
assessment, and this may have obscured the association between HsTnT and AF. In the
other study,” only seven patients developed AF, indicating this study may have been
underpowered to identify an association between HsTnT and AF. Nevertheless, the
present study is partially in line with these findings, showing that HsTnT at baseline is
not significantly associated with new-onset AF and AF during the first 24 h of
admission in univariate analysis. However, in contrast to the previous studies, the
present study shows a strong association between HsTnT and new-onset AF 24—72 h
and >72 h after admission.

HsTnT and infarction size

Cardiac troponin T is a regulatory protein that controls the calcium-mediated
interaction of actin and myosin.”* Besides its diagnostic characteristics,” a previous
study assessed HsTnT daily during the first 96 h after admission and reported that all
timings of HsTnT assessment, except at baseline, were significantly associated with
infarction size on magnetic resonance imaging.26 Possibly, a larger infarction size is
associated with new-onset AF through elevated intracardiac pressures, though further
study regarding the exact mechanism is necessary. A previous study’ of STEMI
patients did not report an association between infarction size and AF. However, since
this study was performed in 1992, none of the patients underwent PPCI, which may
have influenced the outcome of this study.

Limitations

The current study is a substudy of the On-TIME 2 study and therefore, a predefined
power assessment was not made for the relation of HsTnT and new-onset AF and
multivariate analysis in the AF 24—72 h and >72 h after admission subgroups could not
be performed. Patients may have suffered asymptomatic AF episodes prior to the
STEMI, which may have influenced the results for AF during the first 24 h after
admission. Although all variables were prospectively registered, the present study is a
post-hoc cross-sectional analysis. All patients were kept on telemetry for at least 48 h,
but thereafter, an ECG was performed daily. This may have caused several AF
episodes not to have been documented. AF may be associated with pericarditis, but in
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this study, no routine echocardiography was performed for pericarditis. Patients were
not followed up after completion of the study after 30 days.

CONCLUSION

This study shows HsTnT plasma levels are associated with new-onset AF in the setting
of STEML.
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Appendix

Supplemental Table 1. Medication use before admission

Total
(N=830)

AF free
(N=757)

New-onset AF
(N=73)

P value

Aspirin
Clopidogrel
ACE inhibitor

Angiotensin II blocker

B-blocker

Calcium blocker

Diuretics

Oral antidiabetics

Insulin

Oral anticoagulants

Statin

135/830 (16.3%)
14/830 (1.7%)
114/830 (17.7%)
58/830 (7.0%)
148/830 (17.8%)
54/830 (6.5%)
98/830 (11.8%)
65/830 (66%)
20/830 (2.4%)
4/830 (0.5%)
147/830 (17.7%)

120/757 (15.9%)
12/757 (1.6%)
100/757 (13.2%)
55/757 (1.3%)
128/757 (16.9%)
48/757 (6.3%)
87/757 (11.5%)
54/757 (7.1%)
19/757 (2.5%)
41757 (0.5%)
132/757 (17.4%)

15/73 (20.5%)
2/73 (2.7%)
14/73 (19.2%)
3/73 (4.1%)
20/73 (27.4%)
6/73 (8.2%)
11/73 (15.1%)
12/73 (16.4%)
1/73 (1.4%)

0/73 (0%)
15/73 (20.5%)

0.299
0.464
0.157
0.312
0.025
0.534
0.366
0.005
0.544
>0.99*
0.506

ACE, angiotensin converting enzyme. *Fisher’s exact test.

P<0.001
6 —
P<0.001
—
£ 4]
D
=
=
e 2
i P=0.008
—
ol Il — | |
HsTnT Baseline HsTnT 24h HsTnT 72h

Bl AF
1 non-AF

Supplemental Figure 1 Key findings. This figure displays the association between HsTnT and
AF in STEMI patients. HsTnT, high-sensitivity troponin T; AF, atrial fibrillation.
P values between AF and non-AF groups.
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ABSTRACT

Aims. We undertook an exploratory analysis of the On-TIME 2, a placebo-
controlled, double-blind, randomized trial, in order to evaluate the association
between NT-proBNP levels and long-term (5-years) mortality and to investigate
the effect of pre-hospital tirofiban administration on mortality in relation to NT-
proBNP levels.

Methods and Results. 984 STEMI patients undergoing primary percutaneous
coronary intervention (PCI), were randomized to either in ambulance tirofiban or
placebo. NT-proBNP levels were evaluated on admission before angiography
(baseline) and 18—96 h thereafter (post-PCI). There were 918 (93.3%) patients with
NT-proBNP values available at baseline and 865 (87.9%) post-PCI. Patients with
baseline NT-proBNP values above the median had higher 30-day (5.1% vs. 0.2%,
P<0.001), 1-year (7.0% vs. 0.7%, P<0.001) and 5-year (20.3% vs. 4.9%, P<0.001)
mortality as compared to patients with values below the median. At multivariate
analysis, elevated admission NT-proBNP was an independent predictor for 5-year
mortality (Odds Ratio 2.75; 95%CI 1.41-5.73, P=0.003). Patients with elevated
baseline NT-proBNP levels who received early tirofiban treatment had a
significant lower mortality compared to patients treated with placebo at 30-days
(2.7% vs. 7.5%, P=0.021) and 1-year (4.5% vs. 9.4%, P=0.043). At 5-years, a
lower but non-significant mortality rate was maintained in the treatment group
(18% vs. 22.4%, P=0.265).

Conclusions. In STEMI patients, elevated baseline NT-proBNP levels
independently predict long-term mortality. In patients with elevated baseline NT-
proBNP levels, early pre-hospital treatment with tirofiban significantly reduces 30-
day and 1-year mortality, suggesting that high-risk patients may derive particular
benefit. This hypothesis should be confirmed in other studies.

INTRODUCTION

Urgent restoration of perfusion to the myocardium supplied by the infarction-related
artery is the primary therapeutic objective in ST-elevation myocardial infarction
(STEMI), as it improves survival'. Primary percutaneous coronary intervention (PCI)
combined with effective antiplatelet therapy is the preferred treatment strategy in
STEML? In order to increase the rates of mechanical reperfusion and so reduce
ischemic complications, large interest has focused on adjunctive administration of
pharmacological therapy and its timing of administration.
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Glycoprotein IIb/Illa inhibitors (GPIs) are the most powerful class of antiplatelet
therapies, and their adjunctive effects have been shown in several randomized trials.” In
addition, early GPI administration in patients undergoing primary angioplasty for
STEMI has been associated with significantly higher rates of pre-procedural epicardial
recanalisation and ST-segment resolution.”® However, the benefit of these drugs is less

. . . . . . 9,10
certain in patients at lower risk for ischemic events or those presenting later”

and
large randomized trials, conducted to explore the benefits from adjunctive GPIs in
addition to clopidogrel administration, showed conflicting results.*'" "> Among STEMI
patients undergoing primary PCI, the greatest benefit in mortality reduction from GPI
usage has been shown in patients with higher-risk profiles'®. Therefore, identification
of additional subgroups of patients who may have particular benefit from GPI
administration is of paramount importance to further improve outcomes.

N-terminal pro-B-type natriuretic peptide (NT-proBNP), an established biomarker, has
been shown to be released from myocardium following acute myocardial infarction'’
and elevated levels have been associated with poor outcome in patients with acute
coronary syndrome (ACS).'"' Therefore, we undertook an exploratory analysis of
the Ongoing Tirofiban In Myocardial infarction Evaluation 2 (On-TIME 2) trial, a
placebo-controlled, double-blind, randomized trial, in order to investigate (1) the
association between NT-proBNP levels and long-term mortality, (2) the effect of early
tirofiban administration on mortality in relation to NT-proBNP levels in patient with
STEMI undergoing primary PCL

METHODS

Study design

The On-TIME 2 trial (ISRCTNO06195297) was an international, multicenter,
prospective, placebo-controlled, double-blind, randomized trial. The rationale and
design of the study have been previously described.” In brief, the study population
consisted of patients with STEMI who were candidates for primary PCI treatment.
Eligible patients were men and women, 21 to 85 years of age, with symptoms of acute
myocardial infarction (MI) for >30 min but <24 h, and ST-segment elevation of >1 mV
in two adjacent electrocardiogram leads. Exclusion criteria were known severe renal
dysfunction, therapy-resistant cardiogenic shock, persistent severe hypertension, and an
increased risk of bleeding. Also excluded were patients with a left bundle branch block
and patients with a life expectancy of <1 year. Written informed consent was obtained
by an intensive care nurse in the ambulance or, in a minority of the patients, by a
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physician in the referral center. The study protocol was approved by all local ethics
committees involved.

Randomization and treatment

Patients were randomly assigned to pre-hospital treatment with either high bolus dose
of tirofiban (25 pg/kg bolus and 0.15 pg/kg/min maintenance infusion for 18 h) or
placebo. In the ambulance or referring center, all patients also received a bolus of 5000
1U of unfractionated heparin intravenously together with aspirin 500 mg intravenously
and a 600 mg loading dose of clopidogrel orally. Before PCI, additional unfractionated
heparin (2500 IU) was only given if the activated clotting time was less than 200 s.
Coronary angiography and PCI were performed according to each institution’s
guidelines and standards. Additional treatment with thrombus aspiration was left at the
discretion of the treating cardiologist.

Blood samples for NT-proBNP measurement

Blood samples were taken on admission before angiography (baseline) and 18-96 h
thereafter (post-PCI). NT-proBNP was measured by a sandwich immunoassay on a
fully automated analyzer (NT-proBNP ELECSYS 2010, Roche Diagnostics,
Mannheim, Germany). The NT-proBNP levels were assessed both as continuous
values and dichotomized with median value as cut-off.

Mortality outcome

In order to investigate (1) the association between NT-proBNP levels and short- and
long-term mortality, and (2) the effect of early tirofiban on mortality in relation to NT-
proBNP levels, the mortality endpoints of this exploratory study were set at 30 days, 1
year and 5 years. Death was defined as all-cause mortality.

Bleeding outcome

As previously described,’ bleeding was assessed using the TIMI criteria.”> Major
bleeding was defined as clinical overt signs of hemorrhage associated with a decrease
in hemoglobin of >5 g/dl (or when hemoglobin assessment is not available, a decrease
in hematocrit of >15%). For patients undergoing coronary artery bypass graft surgery,
the rate of surgical re-exploration for bleeding and the postoperative volume of blood
loss were also evaluated. Follow-up information was derived from visits to the
outpatient clinic or from telephone contact at the 30-day follow-up.
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Table 1. Baseline characteristics of the patients receiving placebo vs. tirofiban

Variable Placebo Tirofiban P value
(N=454) (N=464)
Age (yrs), mean+tSD 62.0+11.8 61.5+11.7 0.504
Male gender 340/454 (74.9%) 355/464 (76.5%) 0.567
Current smoking 223/449 (49.7%) 208/463 (44.9%) 0.152
Diabetes mellitus 51/454 (11.2%) 55/463 (11.9%) 0.760
Body mass index (kg/m?), mean+SD 26.7+4.0 26.843.4 0.506
Hypertension 152/454 (33.5%) 156/464 (33.6%) 0.964
Hypercholesterolemia 112/453 (24.7%) 132/463 (28.5%) 0.195
Killip Class >1 24/453 (5.3%) 17/463 (3.7%) 0.234
Prior myocardial infarction 34/453 (7.5%) 43/463 (9.3%) 0.331
Prior CABG 9/454 (2.0%) 8/464 (1.7%) 0.772
Prior PCI 36/454 (7.9%) 47/464 (10.1%) 0.245
Anterior infarction location 168/407 (41.3%) 173/407 (42.5%) 0.722
Time to intervention* 167 (128-261) 165 (125-235) 0.371
Heart rate >100 26/450 (5.8%) 24/461 (5.2%) 0.705
Systolic blood pressure <100 37/450 (8.2%) 28/459 (6.1%) 0.214

*From onset of symptoms to intervention in minutes, median (25"—75" interquartile ranges).

Statistical analysis

Continuous data were expressed as mean+SD or median with interquartile range.
Categorical data were expressed as percentages. Categorical variables were analyzed
with the Chi-squared test or Fischer’s exact test, and continuous variables with the
Mann-Whitney U-test (2-sided). Values of P<0.05 were considered statistically
significant. We performed multivariate logistic regression analyses on mortality with
NT-proBNP below or above the median as the predictor of main interest and baseline
characteristics (age, gender, smoking, BMI, diabetes, hypertension, hypercholesterolemia,
prior myocardial infarction, prior PCI, admission heart rate, systolic blood pressure,
anterior infarct location, ischemic time, post-PCI TIMI flow (less than 3 versus 3), and
Killip Class (I versus IL, III or IV) as confounders. All analyses were performed
according to the intention-to-treat principle. Statistical analysis was performed with
PASW Statistics 18 (SPSS Inc., Chicago, IL, USA).
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RESULTS

Study population

The ON-TIME 2 trial recruited a total of 984 patients who were randomized to either
placebo or tirofiban treatment. The baseline clinical characteristics for patient receiving
placebo or tirofiban were comparable and are presented in Table 1. There were 918
(93.3%) patients with samples available for NT-proBNP at admission (baseline) and
865 (87.9%) post-PCIL.

There was no significant difference in NT-proBNP levels between patients randomized
to tirofiban or to placebo as a continuous variable (626£SD 1850 vs. 646+SD 2054
ng/l, P=0.11, in tirofiban vs. placebo group, respectively) nor as a binary variable
dichotomized according to the median value (48.9% vs. 51.1%, P=0.51, in tirofiban vs.
placebo group, respectively).

Baseline clinical characteristics of patients according to baseline NT-proBNP level
below or above the median are shown in Table 2. Several characteristics were
significantly different in the two patient cohorts. Patients with baseline NT-proBNP
level above the median were older, more frequently female, presented higher rate of
diabetes, hypertension, history of myocardial infarction, history of PCI, Killip Class
>1, had a higher baseline heart rate and a longer time to intervention as compared to
patient with baseline NT-proBNP levels below the median; who conversely had a
lower BMI and were less frequently smokers.

Table 2. Baseline characteristics of patients with a baseline NT-proBNP level < median vs. > median.

Variable NT-proBNP level NT-proBNP level P value
<median > median
Age (yrs) mean=SD 57.3+9.9 66.3+11.8 <0.001
Male gender 384/459 (83.7%) 311/459 (67.8%) <0.001
Current smoking 246/456 (53.9%) 185/456 (40.6%) <0.001
Diabetes mellitus 42/458 (9.2%) 64/459 (13.9%) 0.024
Body mass index (kg/m?) meantSD 27.2+3.8 26.4+3.6 0.009
Hypertension 113/459 (24.6%) 195/459 (42.5%) <0.001
Hypercholesterolemia 111/457 (24.3%) 133/459 (29.0%) 0.109
Killip Class >1 10/458 (2.2%) 31/458 (6.8%) <0.001
Prior myocardial infarction 25/458 (5.5%) 52/458 (11.4%) 0.001
Prior CABG 6/459 (1.3%) 11/459 (2.4%) 0.221
Prior PCI 31/459 (6.8%) 52/459 (11.3%) 0.016
Anterior infarct location 164/409 (40.1%) 177/405 (43.7%) 0.297
Time to intervention* 152 (122; 203) 193 (136; 292) <0.001
Heart rate >100 15/456 (3.3%) 35/455 (7.7%) 0.004
Systolic blood pressure <100 32/453 (7.1%) 33/456 (7.2%) 0.919

* From onset of symptoms to intervention in minutes, median (25"~75" interquartile ranges).

149



Pre-hospital tirofiban and mortality in relation to NT-proBNP
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Figure 1. NT-proBNP and mortality outcomes. (A) 30-day, 1-year and 5-year mortality in
relation to NT-proBNP levels above or below the median, collected before angiography (baseline)
and after PCI (18-96 h). (B) 5-year mortality according to NT-proBNP level collected a several
time points after PCIL.
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Figure 2. Receiver operating characteristics curve (ROC) for NT-proBNP at admission for 5-year
mortality. AUC, area under the curve.

Baseline NT-proBNP and mortality

Patients with baseline NT-proBNP level above the median presented higher 30-day
(5.1% vs. 0.2%, P<0.001), 1-year (7.0% vs. 0.7%, P<0.001) and 5-year (20.3% vs.
4.9%, P<0.001) mortality compared to patients with baseline NT-proBNP value below
the median (Fig. 1A).

Additionally, NT-proBNP values post-PCI were also strongly related to mortality:
patients with NT-proBNP levels above the median had a significant higher mortality at
30-days (3.0% vs. 0.2% P=0.001), at 1-year (4.8% vs. 0.9% P=0.001) and at 5-year
(15.5% vs. 7.3% P<0.001) (Figure 1A); this effect on long-term mortality (5-years)
was again confirmed at all sample times (Figure 1B).

Receiver operating characteristics (ROC) curve (Figure 2), showed that elevated NT-
proBNP levels (above the mean) at admission as a predictor for 1-year mortality had an
area under the curve (AUC) of 0.84 (95%CI 0.76—0.92), and for 5-year mortality an
AUC of 0.75 (95%CI 0.70—0.80). Elevated NT-proBNP levels (above the median) at
admission for 5-year mortality had a relative risk (RR) of 4.18 (95%CI; 2.62—6.67),
and after multivariate logistic regression analysis, an Odds Ratio (OR) of 2.75 (95%CI
1.41 to 5.73; P=0.003).
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Table 3. NT-proBNP levels in placebo versus tirofiban groups

NT-proBNP levels
expressed as a continuous variable

NT-proBNP levels
dichotomized according to the median value

Placebo Tirofiban P value  Placebo Tirofiban P value
mean+SD mean+SD N/total (%) N/total (%)
Admission  646+2054 626+1850 0.108 232/454 (51.1)  227/464 (48.9) 0.509
After PCI 211442866  1732+5019 0.080 238/439 (54.2) 194/426 (45.5) 0.011

Effect of early administration of tirofiban on NT-proBNP levels, bleeding and
mortality in relation to NT-proBNP level
NT-proBNP. Interestingly in patients treated with pre-hospital tirofiban as compared to
placebo, the NT-proBNP levels after PCI tended to be lower when considered as a
continuous variable (173242866 vs. 2114+5019, P=0.080) and were significantly lower
when considered as a binary variable dichotomized with median value as cut-off
(194/426, 45.5% vs. 238/439, 54.2%, P=0.011) (Table 3).

Mortality
25% -
20%
15% -
Treatment
P=0.043 M Placebo
10% - P=0.021 m Tirofiban
5% -
0%

30 days

1year 5 year

< median

30 days

1year Syear

> median

Figure 3. Effect of pre-hospital tirofiban administration on mortality in relation to NT-proBNP
levels above or below the median value. Patients with baseline NT-proBNP level above the median
who received early tirofiban treatment had a significant lower mortality rate at 30-days and at 1-
year, as compared to patients treated with placebo.
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Bleeding. Patients with NT-proBNP levels above the median at admission who
received early tirofiban treatment had a similar rate of 30-days major bleeding
compared to patients treated with placebo (5.8% vs. 3.1%, P=0.158, for tirofiban vs.
placebo group, respectively) and 30 days of minor bleeding (7.6% vs. 4.4%, P=0.151).
Mortality. Patients with NT-proBNP above the median at admission who received
early tirofiban treatment had a significantly lower mortality at 30-days (2.7% vs. 7.5%,
P=0.021) and at 1-year (4.5% vs. 9.4%, P=0.043) compared to patients treated with
placebo (Figure 3). This lower mortality rate in the treatment group was indeed
maintained as far as S-years, although at this point was associated with a non-
significant difference (18% vs. 22.4%, P=0.265).

DiscussIioN

In this exploratory analysis of the On-TIME 2 trial, we have shown in a group of
STEMI-only patients that elevated NT-proBNP levels are an independent predictor of
long-term (5-year) mortality outcome. Moreover, we have shown that in STEMI
patients undergoing primary PCI who have elevated admission NT-proBNP levels, in
ambulance initiation of tirofiban, significantly reduces NT-proBNP levels post PCI and
improves both short- and long-term mortality outcomes compared to placebo, an
important and novel finding.

We have previously reported the long-term mortality benefit of a GPI-facilitated PCI
strategy’; however, in this current analysis we provide further insight, showing that a
high-risk subset of patients, as identified by higher levels of NT-proBNP upon
presentation (Figure 1), represent a subgroup who derive particular benefit from early
GPIs treatment in terms of reduced 30-days and 1-year mortality (Figure 3), and
importantly this is without a significant increase in either major or minor bleeding
complications. Previously a significant relationship between the benefits in mortality
reduction from the use of GPIs and patient’s risk profile has been suggested,'® the
identification of patients who may incrementally benefit from GPIs administration is
important in the ongoing search for a more tailored and optimized therapy for STEMI
patients. Therefore, our findings may help to further refine the identification of patients
likely to derive the greatest benefit from pre-hospital GPI administration.

It is widely believed that the predominant process underlying increased NT-proBNP
concentrations is impairment of cardiac function, leading to increased left ventricular
wall stretch with resultant synthesis and secretion of NT-proBNP.**** Ischemic injury
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due to coronary artery occlusion may first cause diastolic dysfunction, followed by
elevation in filling pressures and associated left ventricular wall stretch resulting in the
early elevation of serum NT-proBNP levels. However, elevated NT-proBNP
concentrations may also result directly from cardiac ischemia, even in the absence of
left ventricular dysfunction.”® Previous studies highlighted that, in STEMI patients,
NT-proBNP, drawn within 24 hours of the onset of chest pain, is more accurate in
predicting mortality than the Thrombolysis in Myocardial Infarction (TIMI) risk
score.”” Indeed, our group recently revealed that baseline NT-proBNP values predict
30-day mortality independently and tend to have a greater discriminatory prediction
than the Zwolle Risk Score.” However, in STEMI patients the prognostic value of NT-
proBNP on long-term, 5-year mortality outcomes to date has never been reported.

NT-proBNP measured before primary PCI has been previously shown to be the
strongest, independent predictor of suboptimal microvascular reperfusion.”
Mechanisms behind the actual association between NT-proBNP and suboptimal
reperfusion remain speculative;”’ however, biomarker elevation may be the expression
of profound myocardial ischemia and extensive microvascular damage leading to
relevant ventricular dysfunction, alternatively one could argue that primary
microvascular dysfunction, by itself, may influence left ventricular wall stretch and so
BNP values in the setting of acute myocardial infarction. Regardless of the mechanism,
patients at risk of suboptimal microvascular reperfusion after PCI, may have particular
benefit from adjunctive measures, such as early GPI administration. In fact, it has been
shown that an antithrombotic therapy which is already active and effective at the time
of PCI, plays a crucial role in the prevention of microvascular damage and restoration
of myocardial tissue reperfusion.’

Interesting, in this study, NT-proBNP levels at baseline (before angiography) were not
different with respect of the treatment strategy initiated in the ambulance. However,
early tirofiban administration significantly reduced the number of patients with an NT-
proBNP above the median after PCI. This suggests that the time course of NT-proBNP
level may be positively influenced by early tirofiban administration and could
potentially be dependent on the effectiveness of microvascular reperfusion after PCI,
an outcome in which early tirofiban administration has a proven role.’

Importantly, measurement of NT-proBNP has become easy-to-perform and fast; its
early measurement in the ambulance setting, aimed at stratifying patients and guiding
early antiplatelet therapy, could represent a possible new strategy to be tested in further
studies. Finally, further prospective evaluation of high-risk subgroups identified by
elevated NT-proBNP during the acute STEMI phase is warranted.
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Limitations

This is a post-hoc analysis of a randomized trial, therefore, our conclusions should be
considered as exploratory. NT-proBNP levels were drawn at variable periods after
onset of symptoms, therefore it has to be noted that some patients with the highest
values of NT-proBNP at admission may include a sub-group of patients with a long
ischemia time in which the benefit of early GPI treatment remain uncertain.’® Despite
the fact that the prognostic value of NT-proBNP above the median was independent
from ischemia time, further studies are warranted to evaluate the efficacy of early
tirofiban administration in subgroup presenting with long ischemia time and high level
of NT-proBNP. Finally, baseline NT-proBNP measurements were made at admission
(before angiography) when tirofiban was already started; although the time between
tirofiban administration and first NT-proBNP measurement was very short we cannot
exclude a small effect of the drug on the baseline values of NT-proBNP.

CONCLUSIONS

In STEMI patients, NT-proBNP level above the median on admission independently
predict long-term (5-year) mortality. Patients with elevated admission NT-proBNP
levels who were treated with pre-hospital treatment with tirofiban, as compared to
placebo, had significantly reduced 30-day and 1-year mortality rates. Early tirofiban
administration may be particularly effective in reducing mortality in high-risk patients,
as identified by higher admission levels of NT-proBNP.
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Summary of the thesis

In CHAPTER 1, it is shown that risk stratification in acute myocardial infarction is an
important subject that has been extensively studied before. As a consequence, several
risk models for both STEMI and NSTEMI patients have been developed and validated.
Because infarction size and procedural outcome are important risk variables, novel
biomarkers, particularly NT-proBNP, demonstrated prognostic value in acute
myocardial infarction (AMI) patients as well. However, at present knowledge of the
value of NT-proBNP beyond established risk stratification is limited.

Risk stratification is also mandatory for the scheduling of hospital discharge, an issue
that was taken into account by the development of the Zwolle Risk Score (ZRS).
STEMI patients treated by primary PCI at low mortality risk were eligible candidates
for early hospital discharge, at approximately 72 hours after admission. However, at
present, PPCI patients could probably be discharged earlier; but, studies on next day
discharge strategies are very limited and the value of measuring NT-proBNP in this
context is unclear.

Finally, the significance of new-onset atrial fibrillation during admission in PPCI
patients was discussed, and the need for improved risk strategies for early recognition
of these patients was emphasized.

Based on the above-mentioned considerations, the general aims of the research
presented in this thesis were three-fold:

1. To improve risk assessment in AMI patients in the present biomarker era.

2. To improve discharge policy in STEMI patients treated with PPCI.

3. To improve identification of STEMI patients treated with PPCI at risk for
new-onset AF.

Aims 1 and 2 were accomplished by NT-proBNP measurements beyond established
risk stratification, as provided by the ZRS. This convenient bedside primary PCI risk
score has been validated before. Besides excellent 30-day mortality prognostication,
the ZRS also has an established value for scheduling early hospital discharge (after 72
h). However, in previous reports the predictors and effects of prolonged length of stay
in hospital in the PPCI era remained underexposed. In CHAPTER 2, we demonstrated
that ‘longer stay patients’ are mostly those patients who have signs of heart failure due
to larger infarction size, and as a consequence have lower left ventricular ejection

161



General discussion

fraction. Although low left ventricular ejection fraction was associated with prolonged
hospital stay (OR 2.06), longer and shorter stay PPCI patients had comparable 1-year
mortality risk. This was in contrast to the outcome in STEMI patients in the
thrombolysis era, where prolonged hospital stay was a strong predictor for short- and
longer-term mortality.

Given the fact that infarction size and, consequently, procedural PPCI success has
important predictive value, we demonstrated in CHAPTER 3, that the ZRS and
protocoled care could provide an excellent risk strategy for identifying PPCI patients
who can be safely discharged within 24 to 36 hours after admission. Beside zero
mortality cases at 30-day and even 1-year follow-up, the occurrence of major adverse
events or (severe) co-morbidities was very low and did not differ significantly
compared to a matching cohort of PPCI patients who received conventional care.
However, in this study the patient cohort was small and highly selective and as a
consequence, the percentage of ‘real world” PPCI patients at low mortality risk who
could be targeted for early hospital discharge was unknown. In addition, NT-proBNP
was not measured. To address these issues, we performed a sub-analysis of the On-
TIME 2 study in CHAPTER 4. In this study the 30-day follow-up data of 845
consecutive PPCI patients were available and NT-proBNP was measured by protocol,
whereas the ZRS was calculated afterward. Both ZRS and baseline NT-proBNP
independently predicted 30-day mortality and at receiver operating characteristic
(ROC) curve analysis, the predictive accuracy of NT-proBNP tended to be even
stronger than the ZRS. However, the linear combination of both demonstrated the best
prognostic capacity (area under the curve [AUC] 0.94 CI 0.90—0.99).

Additionally, cut-off scores were defined based on 100% sensitivity (or zero mortality)
and it was shown that specificity was as high as 70% when the patient had a ZRS <2 or
NT-proBNP <200 pg/ml. Based on these cut-off values 64% of the study population
could potentially be targeted for early discharge after 48 hours, with low occurrence of
MACESs and major bleeding between 2 and 10 days (1.3% and 0.6%, respectively).
Although these results need prospective validation, the value of NT-proBNP, besides
its use in predicting mortality, was shown for improved scheduling of hospital
discharge. Whether baseline or serial NT-proBNP measurements provide optimal
prognostication remained unclear; it would probably be better to measure NT-proBNP
post PPCIL. Therefore we performed an additional analysis of the On-TIME 2 study
population in CHAPTER 5, so as to define the optimum time point for NT-proBNP
measurement. In 845 PPCI patients, NT-proBNP was measured at baseline, at 18—24 h
and at 72-96 h after PPCI. Also, the difference between baseline and 18—-24 h NT-
proBNP levels (delta NT-proBNP) was measured. Compared to the ZRS, NT-proBNP
at the different time points (except delta NT-proBNP) demonstrated better prognostic
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accuracy for 30-day mortality with optimum AUC at 18—24 h after PPCI (AUC 0.94).
The combination of NT-proBNP measured at 1824 h and the ZRS did not enlarge the
AUC, but additional reclassification analysis certainly demonstrated prognostic
improvement. Additionally, we demonstrated that based on the cut-off values for 100%
sensitivity (or zero mortality), patients who had ZRS <2 or NT-proBNP at 1824 h of
<2500 pg/ml could potentially be discharged 48 h after PPCI, given the low occurrence
of MACESs and/or major bleeding at 2 to 10 days (expected readmission rate of 1.2%).
Although the other time points also had good prognostic accuracy, at 18—24 h after
PPCI the largest patient group at very low risk could be indentified (75% of the study
population). Additionally, we gave a comprehensive insight in the occurrence of
MACEs and major bleeding in both low- and higher-risk patients. However, despite
these favorable results, it remained unclear whether NT-proBNP (and also ZRS) could
really predict non-fatal adverse events, which are at least as important in risk
stratification. In CHAPTER 6 we therefore performed an additional analysis of the On-
TIME 2 patient population. It was shown that ZRS and NT-proBNP at 1824 h and at
72-96 h (but not baseline NT-proBNP) independently predicted the composite of
adverse events (re-myocardial infarction, urgent target vessel revascularization, major
bleeding and the occurrence of ventricular arrhythmias) at 30-day follow-up (Odds
ratios 1.10—1.14, P values all <0.05). Although ZRS and serial NT-proBNP separately
demonstrated limited predictive accuracy (AUCs all <0.70), adding NT-proBNP at
1824 h to the ZRS could modestly improve prognostication (AUC 0.73, 95%CI
0.62—0.78, net reclassification improvement 19%). As a consequence, NT-proBNP,
particularly when measured at 18—24 h after PPCI, could also provide more insight in
identifying patients at risk for severe co-morbidities, besides conventional risk
stratification.

Apart from STEMI, a substantial number of patients are admitted with acute coronary
syndromes (ACS) without ST-elevation (STE). Although this heterogeneous group of
patients could benefit from early revascularization, immediate PCI is only indicated in
very-high-risk patient groups. Consequently, good prognostication in non-STE-ACS is
very important and could be provided by the Global Registry of Acute Coronary
Events (GRACE) risk calculator or the Thrombolysis in Myocardial Infarction (TIMI)
risk score for non-ST-elevation myocardial infarction (NSTEMI) or unstable angina.
At present there are conflicting data, whether these risk scores (particularly the
GRACE risk score) could also be improved by NT-proBNP measurement. To clarify
this issue we compared the predictive value of NT-proBNP and the GRACE and TIMI
risk scores for 30-day mortality as described in CHAPTER 7.

In 1324 NSTE-ACS patients, included in our ACS registry, NT-proBNP levels on
admission and the GRACE risk score (but not the TIMI risk score) both independently
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predicted death at 30-days. Moreover, NT-proBNP and the GRACE score had
comparable predictive value (AUC of 0.85 and 0.87, respectively, P=0.67). However,
adjustment of the GRACE score by adding admission NT-proBNP did not improve
prognostication, while the combination of both was slightly better compared to NT-
proBNP only. Given these results, NT-proBNP is also very predictive in NSTE-ACS
patients, but added value over and beyond the established GRACE risk score could not
be demonstrated; this is in contrast with the TIMI risk score which turned out be to
considerably less effective.

Aim 3 was accomplished by the identification of predictors of post PPCI AF and the
assessment of the prognostic value of the biomarkers NT-proBNP and high-sensitivity
troponin T (HsTnT). In CHAPTER 8 we report the temporal association between serial
NT-proBNP plasma level measurements at different time points after admission and
the development of AF in the setting of STEMI, in 830 PPCI patients included in the
On-TIME 2 trial. In almost 9% of patients, AF occurred within 30 days after admission
(incident AF). Although the established risk factors age and Killip Class were strong
predictors, NT-proBNP at baseline was not associated with incident AF in multivariate
analysis and did not predict AF on admission (within 24 h after PPCI). However, NT-
proBNP at baseline did predict AF 24—72 h and >72 h after admission, but NT-proBNP
plasma level assessment at 24 h and 72 h after admission were stronger predictors of
AF >72 h after admission compared to NT-proBNP at baseline. Therefore, NT-proBNP
assessed 24 h or 72 h after admission, and not NT-proBNP at baseline, could serve as
biomarker in assessing the risk of incident AF in STEMI patients treated with PPCI.
Although incident AF was not associated with HsTnT in univariate analysis in this
study, AF >24 h after admission was significantly associated with HsTnT plasma level.
Since HsTnT was assessed during the first 72 h after admission in previous studies,
perhaps an analysis with strict serial HsTnT assessment timings and peak HsTnT
assessment might elucidate this association as presented in CHAPTER 9. Here, we
reported the temporal association between HsTnT plasma level assessments at different
timings after admission and the development of AF in the setting of STEMI. In line
with previous studies, HsTnT at baseline was not associated with new-onset AF and
AF within the first 24 h of admission. However, in contrast to previous studies, HsTnT
measured at baseline and after 24 h and 72 h was significantly associated with onset of
AF 24-72 h and >72 h after STEMI. However, HsSTnT after 24 h and 72 h were
stronger predictors of AF compared with HsTnT at baseline.

As a consequence, also HsTnT measured after 24 h or 72 h could potentially enhance
current risk stratification.
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Finally, in CHAPTER 10 we demonstrated that elevated baseline NT-proBNP levels
independently predict long-term mortality (up to 5 years) in PPCI patients. In patients
with elevated baseline NT-proBNP levels, early pre-hospital treatment with tirofiban
significantly reduces 30-day and 1-year mortality, suggesting that NT-proBNP at
baseline also identifies patients who may benefit from this treatment strategie.
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GENERAL DISCUSSION

This thesis focused on the risk stratification of patients with acute myocardial
infarction (AMI) especially on those patients with ST-elevation myocardial infarction
(STEMI) who are treated with primary PCI.

The main findings from the research presented in this thesis were:

A longer hospital stay after PPCI is predicted in particular by larger infarction size
and lower left-ventricular ejection fraction (LVEF). However, patients with low
LVEF and longer hospital stay after PPCI have the same I-year survival
probability compared to patients who can leave the hospital earlier.

The Zwolle Risk Score (ZRS) is a convenient and very accurate bedside PPCI risk
model that provides good 30-day mortality prognostication and identification of
low-risk PPCI patients eligible for next day discharge.

The biomarker NT-proBNP and the ZRS have a comparable predictive value for
30-day mortality. However, the combined use of ZRS and NT-proBNP provides
optimal predictive accuracy, especially if NT-proBNP is measured at 18—24 h after
PPCIL

Based on low ZRS or low NT-proBNP, large groups of patients could potentially
be targeted for early discharge at 48 h after PPCI.

NT-proBNP measured at 18—24 h or at 72—96 h independently predicts a composite
of non-fatal adverse events at 30 days after PPCI as well.

NT-proBNP and the GRACE risk score have comparable predictive value for 30-
day mortality in AMI patients without ST-elevation; however, combined use does
not enhance prognostication.

NT-proBNP and HsTnT, measured 24—72 h, are both associated with new-onset
AF after PPCI and could serve as biomarkers in assessing risk of incident AF in
PPCI patients.

Baseline NT-proBNP also predicts long-term mortality in PPCI patients and could
indentify high-risk patients who may benefit from early tirofiban treatment.

Risk stratification should be the foundation of the continuous process of patient

management following AMI. Based on the patient’s risk of adverse events, tailored

treatment strategies can be performed and hospital discharge policy may be planned at
a very early stage. In addition good risk stratification requires consistency and a

thoroughly worked out strategy that can be put into practice in every patient.
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Risk assessment: the past and the present

Coronary thrombosis causing AMI has been a known cause of death since the
beginning of the 19™ century. However, attention to its treatment has only been paid
since the early 20" century when it became evident that one could survive AMI. Strict
bed rest for several weeks, partly promoted by G.K. Mallory's findings that necrotic
myocardium needs 6 weeks to organise into a scar has been the ‘state of the art’
treatment for several decades. Mid 20" century, one of the first steps toward risk
assessment was taken by Samual Levine and Bernard Lown. Levine published the first
book dedicated to AMI treatment and noted the importance of early detection of
ventricular arrhythmias, whereas Lown pointed out that strict bed rest for several
weeks could result in venous thrombosis and pulmonary embolism. Therefore Levine
and Lown recommended in 1952 the ‘armchair treatment’, which made them pioneers
in their attempt to shorten the length of hospital stay. '

In 1960s and 1970s several studies that classified low- and higher-risk AMI patients
followed and demonstrated that the development of heart failure, re-infarction and
ventricular arrhythmias during the first days of admission were associated with worse
outcome, yet treatment options were still limited. However, with the advent of
reperfusion therapy for STEMI in the mid-1980s, prognostic improvements resulted in
a decline in length of stay in hospital. This trend continued with the widespread
introduction of PPCL

In this thesis we extensively highlighted the current risk factors for worse outcome
after PPCI and we demonstrated that the ZRS, the recommended risk strategy at
present, could provide a convenient and very accurate contribution to early patient
management. Nevertheless, at present PPCI risk models have not yet become an
integral part of daily routine among cardiologists.

This may be explained by the fact that in AMI patients who underwent coronary
angiography or subsequently PPCI, protocoled care often intercepts high-risk patients,
whereas low-risk patients are transferred back to the referring hospital or to the
cardiology ward.

! Sarmento-Leite et al. Acute myocardial infarction. One century of History, Arq Bras Cardiol 2001;
77:602-610.
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As a matter of fact, in clinical practice, the use of risk strategies is particularly focussed
on the identification of high-risk patients.

However, in this thesis it was demonstrated that, based on established risk stratification
and NT-proBNP measurement, up to 75% of PPCI patients are nowadays at (very) low
mortality risk. This opportunity should be taken, since most of these patients could
potentially be discharged 2 days after admission and with low readmission rates.

Although safety and efficacy are the cornerstones of patient management, cost-
effectiveness is just as important. In contrast to AMI treatment, current guidelines
provide no clear definition for when to discharge which patient. As a consequence it is
estimated that 30—40% of PPCI patients could be discharged earlier when routinely
used decision rules would have been applied. Furthermore, most PPCI patients leave
the hospital to the discretion of the treating physician, based on different medical and
logistic criteria rather than based on a structured approach.

Risk assessment: the future

Based on the afore-mentioned considerations, the findings in this thesis are intended to
be the preamble to prospective validation of decision rules in PPCI patients, as
suggested in CHAPTERS 4 and 5. Based on established risk factors and biomarker
measurements (particularly NT-proBNP) at approximately 24 h after admission a very
accurate risk model could be developed. Not only to predict short-term mortality, but
also to detect several cardiovascular co-morbidities, major bleeding and new-onset
atrial fibrillation, as demonstrated in CHAPTERS 6, 8 and 9. Additionally, baseline NT-
proBNP could also define early treatment strategies and longer-term follow-up patient
management, as suggested in CHAPTER 10.

Given the continuous improvement of treatment strategies and the rise of e-health
modalities and remote monitoring technologies, patient care after PPCI outside
conventional clinical settings will be more common in future. To guide this favorable
development, reliable and unbiased risk stratification based on biomarkers and clinical
characteristics are of great importance.
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Valorisation

In The Netherlands, coronary artery disease (CAD) in 2012 was responsible for more
than 80,000 annual hospital admissions of more than 24 hours. As a consequence,
CAD is accompanied by relatively high costs (2.3% of the total Dutch healthcare costs
in 2011), largely contributed to hospital care. In addition, 35% of admissions are the
result of acute myocardial infarction (AMI). Although length of hospital stay declined
by approximately 40% between 1995 and 2010, mean hospital stay for AMI in 2012
was 5 days in men and 6 days in women. Furthermore, it is estimated that the number
of patients affected by CAD will increase from 610,000 to 840,000 between 2011 and
2030 as a result of aging and demographic growth."

As a consequence, AMI makes that our society faces a serious healthcare issue today as
well as for the future. At present, Dutch AMI patient care has been regulated very
properly. STEMI patients are supposed to be transferred as soon as possible to the
nearest PCI center, whereas in NSTEMI patients, particular importance is attached to
risk-based decision making. This established approach has become the norm for AMI
treatment. As a consequence Dutch hospitals have to provide statistics about the
percentage of patients undergoing PPCI or risk-based revascularization in order to meet
quality requirements. Although this policy quite rightly focuses attention on high-risk
patients, lower-risk patients often go unnoticed.

In this thesis, we demonstrated that the Zwolle Risk Score (ZRS) was able to identify
PPCI patients who were eligible candidates for next day discharge when protocolized
outpatient care was provided. Compared to controls, short-stay patients had similar
outcomes, but their stay in hospital was significantly shorter. Furthermore, it was
demonstrated that ZRS and NT-proBNP measured between 18—24 h after PPCI had
comparable predictive accuracy for 30-day mortality. However, combined use
considerably improved discrimination of low- and higher-risk patients and could
provide decision rules to target the largest patient groups (up to 75% of the study
population) who would be eligible for discharge 48 h after admission, with very low
occurrence of adverse events and readmissions. Finally, NT-proBNP and the GRACE
risk score also demonstrated comparable, good predictive value in NSTEMI patients.

Although mortality risk and hospital early discharge are closely related, many other
circumstances have to be taken into account. In this thesis we also demonstrated that
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NT-proBNP has predictive value for the occurrence of both ischemic and bleeding
events. In addition, NT-proBNP and high-sensitivity troponin T (hs-TnT) may serve as
biomarker for prediction and prognostication of new onset atrial fibrillation in PPCI
patients.

In conclusion, this thesis established the value of NT-proBNP over and beyond current
risk strategies. Despite the fact that at present low-risk AMI patients have an excellent
prognosis, several standard procedures such as a stay in hospital of several days,
driving disqualification for 4 weeks, initiation of rehabilitation several weeks after
discharge and annual outpatient department visits are applied to many patients by
protocol. Although prospective validation of our findings will have to be performed,
the presented research enables the development of more accurate risk strategies in
order to optimize patient management and to control healthcare expenses.

'Data derived from https://www.volksgezondheidenzorg.info, official website of the Dutch
Ministry of Health, Welfare and Sport.
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Samenvatting

De algemene achtergrond en doelstellingen van de studies in dit proefschrift zijn
uiteengezet in HOOFDSTUK 1. Om patiénten met een acuut myocardinfarct effectief en
veilig te kunnen behandelen is het van groot belang een goed onderscheid te maken
tussen laag en hoger risico patiénten. Hier is de afgelopen jaren uitgebreid onderzoek
naar gedaan, hetgeen geleid heeft tot de ontwikkeling van diverse modellen waarmee
het sterfte risico van patiénten met een acuut myocard infarct kan worden ingeschat.
Belangrijke variabelen in de modellen ontwikkeld voor patiénten met ST-elevatie
myocard infarct (STEMI) zijn infarctgrootte en het resultaat van de primaire percutane
coronaire interventie (PPCI). Recente studies hebben echter aangetoond dat (nieuwe)
biomarkers zoals NT-proBNP ook een sterk voorspellende waarde hebben binnen deze
patiénten categorie.

De kennis omtrent de meerwaarde van deze biomarkers naast bestaande risicomodellen
is echter nog beperkt.

Een goede risicoinschatting is ook van belang als het gaat om opnameduur en
ontslagbeleid. Dit thema werd nader belicht bij de ontwikkeling van de Zwolle Risico
Score (ZRS), waarbij peri-procedurele variabelen ook een belangrijke plaats innemen.
Laag risico STEMI patiénten die werden behandeld met PPCI zouden na 72 uur veilig
uit het ziekenhuis kunnen worden ontslagen. Heden ten dage kunnen deze patiénten
waarschijnlijk wel veel eerder het ziekenhuis verlaten, maar het aantal studies naar zeer
vroeg ontslag (24-36 uur na PPCI) is echter nog zeer beperkt, waarbij de meerwaarde
van NT-proBNP bepalingen nog onbekend is. Tot slot wordt in HOOFDSTUK 1
benadrukt dat het ontwikkelen van nieuw atrium fibrilleren (AF de novo) een
belangrijke (prognostische) impact heeft op PPCI patiénten. Ook hier is onbekend in
hoeverre biomarkers een bijdrage kunnen leveren aan een tijdige risico inschatting. Op
grond van deze constateringen stelt het onderzoek, gepresenteerd in dit proefschrift,
zich ten doel de risico inschatting van patiénten met een acuut myocard infarct te
verbeteren en daarmee het ontslagbeleid te optimaliseren in het huidige tijdperk waarin
biomarkers een steeds belangrijkere plaats verwerven binnen de diagnostick en
behandeling van patiénten met een acuut myocardinfarct.

In HOOFDSTUK 2 wordt eerst een inventarisatie gemaakt van de voorspellers van
(verlengde) opname duur na PPCI en de prognostische betekenis hiervan. In deze
studie wordt aangetoond dat patiénten die langer opgenomen zijn, grotere infarcten
doormaken, een lagere ejectie fractie hebben en dientengevolge vaker hartfalen hebben.
Hoewel een lagere ejectiefractie sterk geassocieerd is met een langere opnameduur, is
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de 1 jaars-sterfte voor patiénten met een langere of kortere opnameduur in het
onderzochte cohort gelijk.

In HOOFDSTUK 3 wordt een “short-stay” protocol prospectief ge€valueerd. Deze studie
laat zien dat laag risico PPCI patiénten (0.b.v. de ZRS) binnen 24 tot 36 uur na opname
veilig naar huis kunnen worden ontslagen. Het aantal “major adverse cardiac events”
(MACE’s) dat hierbij optreedt is zeer laag en verschilt niet met een referentie cohort
van vergelijkbare patiénten. Bovendien is de 1 jaars overleving 100%. De studie
populatie is echter relatief klein en zeer selectief. De vraag is dan ook hoeveel PPCI
patiénten heden ten dage werkelijk een laag sterfte risico hebben en vroeg met ontslag
kunnen en in hoeverre NT-proBNP bepalingen hierbij een aanvullende waarde kunnen
hebben. Om deze vragen te beantwoorden wordt in HOOFDSTUK 4 een sub-analyse
gepresenteerd van de On-TIME 2 studie. Bij 845 PPCI patiénten wordt bij opname een
NT-proBNP bepaling verricht en de ZRS (post PPCI) berekend. Beide hebben een
sterk voorspellende en vergelijkbare waarde voor 30-dagen sterfte, waarbij de
voorspellende waarde van NT-proBNP zelfs nog iets beter lijkt te zijn (statistisch niet
significant). De lineaire combinatie van beide voorspellers toont echter het beste
resultaat [AUC 0,94, CI 0,90-0,99]. Op basis van afkapwaardes, gebaseerd op
patiénten met 30-dagen overleving (sensitiviteit 100% ofwel 0% mortaliteit), kan 68%
van de studiepopulatie als zeer laag risico patiént worden geidentificeerd uitgaande van
een ZRS <2 of NT-proBNP <200 pg/ml. Wanneer deze “beslisregel” zou worden
toegepast om een vroeg ontslag — na 48 uur — in gang te zetten, dan zou 64% van de
studiepopulatie hiervoor in aanmerking zijn gekomen, met slechts een heel laag
percentage MACE’s en majeure bloedingen tot 10 dagen na ontslag (resp. 1,3% en
0,6%). Natuurlijk behoeven deze bevindingen een prospectieve evaluatie, maar de
studie toont de meerwaarde aan van NT-proBNP naast klassieke risico variabelen, niet
alleen bij inschatting van het sterfte risico, maar ook bij het in gang zetten van een
veilig en effectief (vroeg-)ontslag beleid. De vraag is echter of het optimale tijdstip van
NT-proBNP afname bij opname is of juist op een later tijdstip. Deze vraag wordt
beantwoord in HOOFDSTUK 5; een aanvulling op HOOFDSTUK 4, waarin naast de ZRS,
NT-proBNP wordt bepaald op drie tijdstippen: bij opname, 18—24 uur en 72—96 uur na
opname en waarbij ook het verschil tussen NT-proBNP bij opname en na 18-24 uur
(delta NT-proBNP) wordt gemeten in 845 PPCI patiénten uit de On-TIME 2 studie.
Vergeleken met de ZRS, toont NT-proBNP bepaald op 18—24 uur en 72—96 uur (maar
niet delta NT-proBNP) een betere voorspellende waarde, met een optimaal
voorspellende waarde na 18—24 uur [AUC 0,94]. Hoewel de combinatie van ZRS en
NT-proBNP 18—24 uur op basis van de AUC geen verbetering toont, wordt middels
aanvullende reclassificatie berekeningen wel degelijk aangetoond dat een combinatie
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van beide variabelen (ZRS en NT-proBNP 18—24 uur) de best voorspellende waarde
voor 30-dagen sterfte laat zien.

Wanneer een nieuwe beslisregel wordt opgesteld, gebaseerd op afkapwaardes,
wederom uitgaande van 0% sterfte (sensitiviteit van100%), dan blijkt dat op basis van
een ZRS <2 of een NT-proBNP waarde bepaald tussen 18—24 uur na opname <2500
pg/ml, 75% van de studiepopulatie als laag risico kan worden geidentificeerd. Deze
patiéntengroep zou na 48 uur veilig naar huis kunnen worden ontslagen, met een
verwacht heropname percentage van slechts 1,2% tussen het tijdstip van ontslag en 10
dagen, gebaseerd op MACE’s of bloedingen.

Hoewel dus blijkt dat een laag sterfte risico, gebaseerd op bovenstaande risico-
stratificatie, gepaard gaat met een eveneens laag risico op (niet fatale) ongewenste
uitkomsten, blijft het onduidelijk of NT-proBNP ook daadwerkelijk niet-fatale doch
ongewenste uitkomsten (non-fatal adverse events) kan voorspellen. Dit wordt nader
bestudeerd in HOOFDSTUK 6. Een sub-analyse van de On-TIME 2 studie. Hoewel ZRS
en NT-proBNP bepaald tussen 18—24 uur en 72—96 uur na PPCI voorspellend blijken
te zijn voor het samengesteld eindpunt van re-infarct, spoed re-vascularisatie, majeure
bloedingen of ventriculaire ritmestoornissen na 30 dagen. [Odds ratio’s 1,10—1,14],
vallen de AUC’s voor de bepalingen afzonderlijk tegen [alle <0,70]. De combinatie
van ZRS en NT-proBNP bepaald op 18—24 uur na opname laat echter een bescheiden
verbetering zien [AUC 0,73, 95%BI 0,62—0,78].

Een belangrijk deel van de infarct patiénten presenteert zich met een NSTEMI of
NSTE- acuut coronairsyndroom (NSTE-ACS). Hoewel deze heterogene patiéntengroep
meestal gebaat is bij een hartcatheterisatie (CAG), gevolgd door een revascularisatie, is
een spoed interventie eigenlijk alleen geindiceerd bij zeer hoog risico patiénten en
dienen hoog risico patiénten binnen 24 uur na opname een CAG te ondergaan. Voor
NSTE-ACS patiénten zijn diverse risicomodellen ontwikkeld waarvan the Global
Registry of Acute Coronary Events (GRACE) risico score het meest gebruikt wordt.
Daarnaast is er de Thrombolysis In Myocardial Infarction (TIMI) risk score voor
NSTEMI/ instabiele angina pectoris. In Hoeverre NT-proBNP echter deze risico
modellen zou kunnen verbeteren is nog enigszins onduidelijk. Dit wordt nader belicht
in HOOFDSTUK 7. Hierin wordt de voorspellende waarde van NT-proBNP gemeten bij
opname, vergeleken met die van de GRACE en TIMI risico scores in 1324 patiénten
met NSTE-ACS. Zowel NT-proBNP als de GRACE score (maar niet de TIMI risico
score) zij beide onathankelijke voorspellers voor 30 dagen sterfte met een vergelijkbare
voorspellende waarde (AUC respectievelijk 0,85 en 0,87, P=0,67). De GRACE score
kan echter niet worden verbeterd met toevoeging van NT-proBNP, terwijl de
voorspellende waarde van NT-proBNP wel licht toeneemt na toevoeging van de
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GRACE score. Resumerend is NT-proBNP dus ook bij NSTEMI patiénten een
krachtige voorspeller voor 30-dagen sterfte (en veel beter dan de TIMI risico score),
maar een echte meerwaarde t.0.v. de GRACE score lijkt er niet te zijn.

In HOOFDSTUK 8 wordt de voorspellende waarde van NT-proBNP voor het
ontwikkelen van atrium fibrilleren (AF) de novo bij PPCI patiénten bepaald. Hoewel
van NT-proBNP wel is aangetoond dat het geassocieerd is met AF de novo binnen
deze patiéntencategorie, is het onduidelijk of NT-proBNP ook daadwerkelijk kan
bijdragen aan een verbetering van risicoinschatting. Verder is onbekend op welk
tijdstip na opname, NT-proBNP het best voorspellend is. In een sub-analyse van de
On-TIME 2 studie wordt bij 830 PPCI patiénten NT-proBNP bepaald bij opname, na
24—72 uur en na 72 uur. Bij 73 patiénten onstaat na 30 dagen AF (bij 41 patiénten
binnen 24 uur, bij 14 patiénten na 24—72 uur en bij 18 patiénten na 72 uur).

Hoewel leeftijd en Killip Klasse bij multivariate analyse krachtige voorspellers zijn
voor AF de novo, blijkt opname NT-proBNP geen voorspeller te zijn van AF de novo
in de eerste 24 uur na STEMI (AUC 0,59). Ondanks dat opname NT-proBNP wel weer
voorspellend is voor AF de novo op een later tijdstip ( op 24—72 uur en na 72 uur), zijn
NT-proBNP bepalingen na 24 uur en na 72 uur het sterkst geassocieerd met AF de
novo na 72 uur tot 30 dagen post infarct (OR resp. 1,22, P<0,001 en 1,29, P<0,002).
Ook uit deze studie blijkt dus dat de prognose van PPCI patiénten niet alleen
betreffende sterfte maar ook betreffende het optreden van AF de novo, beter in kaart
kan worden gebracht met NT-proBNP gemeten na 24 uur en niet met een opname
bepaling. In navolging van NT-proBNP zou ook de biomarker high-sensitivity troponin
T (HsTnT) voorspellend kunnen zijn voor het ontwikkelen van AF de novo in de
setting van een STEMI en PPCI. Eerdere studies hebben dit vooralsnog nief laten zien.
Echter, de waarde van seriéle (op verschillende tijdstippen) HsTnT metingen, bij het
voorspellen van post infarct AF is in deze setting niet eerder bestudeerd.

In HOOFDSTUK 9, wordt bij 830 patiénten in de On-TIME 2 studie HsTnT gemeten bij
opname, na 24 uur en na 72 uur na opname. Het tijdstip waarop AF optreedt wordt
hierbij verdeeld in drie groepen: binnen 24 uur, tussen 24 en 72 uur na opname en na
72 uur — 30 dagen na opname. Op deze tijdstippen ontwikkelen resp. 41, 14 en 18
patiénten AF de novo. Hoewel opname HsTnT enigszins voorspellend is voor AF de
novo op latere tijdstippen (AUC 0,60, P=0,008), is de voorspellende waarde voor AF
dat de eerste 24 uur optreedt, slecht (AUC 0,54, P=0,41). Dit in tegenstelling tot
HsTnT bepaald na 24 uur (AUC 0,79, P=0,001) of na 72 uur (AUC 0,88, P<0,001), dat
voorspellend blijkt te zijn voor zowel AF dat optreedt tussen 24—72 uur als AF dat
optreedt na 72 uur. Bij multivariate regressie analyse komt dan ook naar voren dat
HsTnT bepaald na 24 uur (OR 1,012, P=0,017) en na 72 uur (OR 1,035, P<0,001) het
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meest geassocieerd is met het optreden van post infarct AF in PPCI patiénten. De
studie toont dus aan dat HsTnT wel degelijk een voorspeller van post infarct AF is,
waarbij een bepaling na 24 uur of na 72 uur beter is dan een opname bepaling.

Tot slot wordt in HOOFDSTUK 10 aangetoond dat een verhoogd opname NT-proBNP bij
STEMI patiénten behandeld met PPCI ook een onafthankelijke voorspeller blijkt te zijn
van lange termijns (5-jaars) sterfte (OR 2,75; 95%BI 1,41-5,73, P=0,003). Verder lijkt
NT-proBNP ook te kunnen worden ingezet als biomarker om een behandelstrategie te
optimaliseren: Bij PPCI patiénten met een verhoogd opname NT-proBNP, die worden
behandeld met tirofiban in een vroeg stadium (al voor opname, in de ambulance) is de
30-dagen en 1 jaarssterfte significant lager, vergeleken met de placebo groep (resp.
2,7% vs 7,5%, P=0,021 en 4.5% vs 9,4%, P=0,043)
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Dankwoord

“Geneeskunde is een wetenschap van onzekerheid en een kunst van waarschijnlijkheid”.

Met deze woorden van de 19¢ eeuwse internist Sir William Osler zou al het
voorgaande inhoudelijk in één ademteug vattend kunnen worden weergegeven.

Als het gaat om de tot stand koming van dit proefschrift, heb ik ervaren dat het toch
nog een hele kunst is de wetenschap te behouden dat ondanks alle onzekerheden een
success-volle afronding waarschijnlijk is.

Dit lange traject kon echter niet worden doorlopen zonder de hulp en steun van vele
mensen die ik allen mijn dank verschuldigd ben. Een aantal personen en instanties wil
ik hier echter graag persoonlijk noemen.

Prof. Dr. J.C.A. Hoorntje, promotor

Beste Jan, Ik herinner mij nog goed onze le ontmoeting; de sollicitatie in Zwolle in
2003. Je resideerde als opleider in een kleine kamer met uitzicht op een binnenpleintje
van de Weezenlanden. Een bureau, hoge fauteuil en een — aanzienlijk lager — twee-
zitsbankje voor de sollicitant, vormden toen het decor waarbij het startschot werd
gegeven voor een boeidende tijd. Jouw pragmatische maar goed onderbouwde
benadering van de geneeskunde in het algemeen en het hartinfarct in het bijzonder
sprak mij altijd aan. Daar waar complicaties vlak na een infarct werden gevreesd wees
jij op het lage risico hiervan als “de Dotter” snel en goed was gelukt. Ik ben zeer
verguld met het feit dat we deze zienswijze verder wetenschappelijk hebben kunnen
onderbouwen met dit proefschrift als kroon op het werk. Zeer veel dank hiervoor!

Dr. A. Adiyaman, copromotor

Beste Ahmet, Wij genoten samen een deel van de opleiding in Zwolle en de
wetenschap bracht ons samen. Als cardioloog in opleiding had je wetenschappelijk al
een grote staat van dienst en werd je voor velen van ons een gewaardeerd
aanspreekpunt aangaande hulp en advies bij analyses en interpretaties van data. Onze
samenwerking leidde ertoe dat je mijn copromotor wilde worden. Grote waardering en
veel dank wil ik uitspreken voor jouw scherpe en analytische denkvermogen en de
moeite die je nam voor de vele “reviews” en correcties, ook bij artikelen die wat
minder snel ter perse konden gaan.
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Dr. A.W.J. van ‘t Hof, copromotor

Beste Arnoud, vice-opleider en groot wetenschapper, wiens werk de top-literatuur heeft
bereikt. Zonder jouw aanwezigheid en inzet, waag ik het te betwijfelen of wij dit
proefschrift ooit hadden kunnen schrijven. Je wees ons assistenten immers altijd op de
noodzaak van goede data registratie ; de absolute basis voor solide wetenschappelijk
werk. De inmiddels zeer omvangrijke infarctregistratie heeft velen enthousiast
gemaakt voor het verrichten van wetenschappelijk onderzoek en een substanti€le
bijdrage geleverd aan de verbetering van de behandeling van acute coronaire
syndromen. Dat hieruit voor jou een leerstoel interventie cardiologie voortvloeit is een
mijns inziens logisch gevolg. Voor de wijze waarop je mij in de aanloop naar de
promotie hebt begeleid zeg ik je met recht “hartelijk” dank!

Voorzitter en leden van de beoordelingscommissie, Prof. Dr. H.P. Brunner-La
Rocca, Prof. Dr. H.J.G.M. Crijns, Prof. Dr. J.P.S. Henriques, Prof. Dr. A.H.E.M. Maas,
Prof. Dr. G.J. Wesseling, hartelijk dank voor de beoordeling van dit proefschrift.

drs. J.-D. Brugma en drs. L. Koppendraaier, paranimfen

Beste Jan-Dietert en Laurens,

Met een apotheker en een kaakchirug aan mijn zijde hoop ik dat de verdediging geen
bittere pil wordt en dat we niet te stevig aan de tand worden gevoeld. Ik dank jullie
daarom alvast voor het werk dat jullie nog te doen staat.

Mw. V.R.C. Derks

Beste Vera, met het noemen van jouw naam kan ik nu niet langer wachten. Met grote
toewijding heb je mijn manuscripten gereed gemaakt voor verzending en onderhield je
de correspondentie met de diverse tijdschriften. Na 30 jaar ervaring ben je inmiddels
een onmisbare expert in het Zwolse! Daarnaast ben je altijd een morele supporter
geweest die mij het enthousiasme wist te behouden als vele uren werk met een
pennenstreek teniet werden gedaan. De laatste jaren hebben we elk geaccepteerd
manuscript gevierd met een etentje in de Achterhoek; een gezellige traditie die we
absoluut blijven voortzetten. Vera dankjewel voor alles.

Dr. A.R. Ramdat Misier

Beste Anand, Halverwege mijn opleidingstijd nam je het opleidersstokje over en hield
je de goede naam van Zwolle hoog. Je wist ons dagelijks te enthousiasmeren voor een
portie onderwijs geserveerd met soep en boterhammen. Het was voor mij dan ook een
leerzame periode. Jouw uitspraak “Er is maar één tijd en dat is kwaliteit”, neem ik mij
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nog altijd ter harte. Mede dankzij een goede opleiding destijds kan ik mij nu inzetten
voor optimale cardiologische zorg. Heel veel dank hiervoor.

De Vakgroep Cardiologie Doetinchem
drs. John van Hal, Dr. Willem Terpstra, Dr. Rutger Jansen, drs. Frank Smeele, drs.
Edwin van Gorselen, drs. Sjoerd Reinders en drs. Astrid Schultz.

“leders persoonlijke noot maakt de perfecte melodie”

John, Wij hebben heel vaak amusante conversaties, waarbij we ons zo nu en dan
afvragen hoe we van een dubbeltje een kwartje kunnen maken: daarin ben je niet te
overtreffen.

Willem, Jouw karaktereigenschappen vormen de perfecte ingrediénten voor een
geschikte opleider, manager en (toffe) peer bij wie iedereen zich in het ziekenhuis
vertrouwd voelt.

Rutger, Aimabele dokter en uitstekend MSB bestuurder. Jij was degene die mij
destijds attendeerde op de “chef plek” in Doetinchem: achteraf gezien voor mij een
mijlpaal.

Frank, Medicus practicus, maar bovenal een practisch medicus die met een jachtig
karakter zijn doelen niet voorbijschiet.

Edwin, Gedreven collega met vele talenten. De stelling “geluk zit in een klein
(Achter)hoekje”, is deé perfecte hekkensluiter: Ik zie er naar uit!

Sjoerd, Mede “vroege vogel” en — bijna — buurman, Jouw beeldvorming heeft een
enorme aantrekkingskracht waarbij je plussen en minnen uiteindelijk tegen elkaar weet
op te heffen. Dat wordt zeer gewaardeerd.

Astrid, De eerste vrouwelijke cardioloog (of mag ik toch zeggen cardiologe...) in
Doetinchem: het werd tijd! Fijn dat je bij ons wilt blijven.

En dan de pensionado’s die mij hebben zien komen (en ik heb zien gaan): Hoop jullie
snel weer te zien in Maastricht.

Jos Deppenbroek, Cardioloog van het eerste uur in Doetinchem en levensgenieter,

(1303

Jouw lijfspreuk “ ‘t kump goed”, houden we erin!
Henk Drost, Met mijn wetenschappelijke activiteiten ben je altijd begaan.
Bewonderens-waardig is je nog immer aanwezige belangstelling voor ontwikkelingen

in het vak. Hoe ouder hoe beter geldt derhalve niet exclusief voor rode wijn.
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Maatschap Cardiologie Zwolle

Alle cardiologen zowel aanwezig tijdens mijn opleidingstijd als de huidige maatschaps-
leden dank ik hartelijk voor de vele opleidingsmomenten en de mogelijkheid om in
wetenschappelijk onderzoek te participeren. In het bijzonder Prof. Dr. M.J. de Boer,
Dr. J.-H. Dambrink, Dr. J.P. Ottervanger en Prof. Dr. H. Suryapranata voor hun bij-
drages aan mijn eerste wetenschappelijke activiteiten en publicaties.

Diagram BV

Alle medewerkers dank ik voor hun hulp die zij de afgelopen jaren hebben geboden en
voor de gastvrijheid die ik altijd mocht ervaren bij de vele bezoeken aan het Van
Nahuysplein. In het bijzonder dank ik Jaap Klijn die altijd mijn vele verzoeken om
extra analysis te mogen laten verrichten heeft gehonoreerd. Ook op Edwin Nibbering
en Evelien Kolkman heb ik frequent een beroep kunnen doen.

Dr. P. Koopmans

Beste Petra, Als statisticus heb je een significante bijdrage geleverd aan de
getalsmatige onderbouwing. Aangezien ik in de statistiek niet uitblink, heb je altijd de
tijd genomen om e.e.a. uit te leggen als ik iets niet begreep. Heel veel dank voor deze
plezierige samenwerking!

Verder spreek ik mijn dank uit aan alle arts-assistenten in Zwolle zowel aan de
huidige generatie als aan de toenmalige assistenten en "opleidingsmaatjes" voor de
klinische data registratie en collegialiteit. Daarnaast veel dank aan alle medewerkers
die betrokken zijn geweest bij de behandeling van de infarct- en studiepatiénten van
opname tot ontslag; zonder jullie bijdrage zou het genereren van data niet mogelijk zijn
geweest.

Ook alle mede-auteurs hartelijk dank voor jullie waardevolle commentaren.

I should like to say a special word of thanks to all On-TIME 2 investigators for
allowing me to perform several sub-analysis of this great study.

Thea Schenk dank ik hartelijk voor de verzorging van de lay-out van dit boekwerk en
de waardevolle adviezen betreffende het juiste gebruik van de Engelse taal.

Mijn (studie-) vrienden
J.C. Banco: drs. Jan-Dietert Brugma, drs. Laurens Koppendraaier, Rutger Ligtenberg,
Jeroen Levij van Vinninghe, drs. Bart Ponsioen, Rogier Sterkenburgh MSc, Wim
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Sturm, drs. Maarten Swaan: “Hoe ver uiteen gedreven, hoe wijd van deze stad, vereend
zijn wij voor het leven, door 't wachtwoord...” jullie wel bekend. Maar ook
studiegenoot drs. Andrew Robinson: Een leuke studietijd is essentieel om uiteindelijk
een doctoraat in de wacht te kunnen slepen.

Heel veel dank voor de mooie momenten die we toen hebben beleefd en nog steeds
beleven — zij het minder vaak door ieders drukke bestaan.

Mijn ouders

Lieve ouders, mijn moeder en wijlen mijn vader. Jullie hebben er altijd alles aan
gedaan om mij mijn idealen te kunnen laten verwezenlijken Ik kan dan ook terugkijken
op een fijne jeugd; heel veel dank hiervoor!

Mijn schoonfamilie
Jullie staan vaak voor ons en vooral voor onze jongens klaar. Heel veel dank hiervoor
en voor de vele gezellige momenten die wij met elkaar beleven.

Marleen

Mijn allerliefste. Zonder jouw onvoorwaardelijke steun en engelen geduld was dit
proefschrift er niet gekomen. “Schrijven is blijven zitten tot het er staat” heb je
letterlijk mogen ervaren, vaak in vrije tijd waarbij andere plannen dikwijls werden
doorkruist en je ook nog eens de zorg voor onze lieve jongens Pepijn en Justus op je
nam. De blijk van waardering die ik hiervoor heb is enorm en moeilijk in geschreven
woorden uit te drukken!
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