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Aims Patients at risk of sudden cardiac death (SCD) after myocardial infarction (M) can be offered therapy with implan-
table cardioverter defibrillators (ICDs). Whether plasma biomarkers can help risk stratify for SCD and ventricular
arrhythmias (VT/VF) is unclear.

Methods The primary objective of the CAMI-GUIDE study is to assess the predictive role of C-reactive protein for SCD or VT/

and results VF in ischaemic patients with the ejection fraction <30% and ICDs. Secondary endpoints included all-cause mortality,
hospitalizations, and death from heart failure. Additional analyses incorporated cystatin-C and NT-ProBNP in multi-
marker approach for the prediction of adverse outcomes. A total of 300 patients were enrolled. All-cause mortality at
2 years was 22.6%, mortality from heart failure was 8.3%. Primary endpoint occurred in 17.3%. At a competing risk
multivariable analysis adjusted for baseline variables, no significant difference in primary endpoint was found between
patients with C-reactive protein <3 vs. >3 mg/L [heart rate (HR) 0.91 (0.50—1.64) P = 0.76], while C-reactive
protein >3 mg/L was strongly associated with mortality due to heart failure [HR: 3.17 (1.54-6.54) P = 0.002].
NT-proBNP above median was significantly associated with the primary endpoint [adjusted HR: 1.46 (1.020—
2.129) P = 0.042]. A risk function, including the three biomarkers, NYHA class and resting HR, allowed stratification
of patient mortality risk from 5 to 50%.

Conclusion C-reactive protein >3 mg/L is not associated with SCD or fast VT/VF, however, is a strong predictor of HF mortality.
Biomarkers combined with clinical markers allow an excellent risk stratification of mortality at 2 years.

Keywords Sudden cardiac death e Myocardial infarction e Implantable cardioverter defibrillator e C-reactive protein e Brain
natriuretic peptide

Introduction - sudden cardiac death (SCD) in both ischaemic and non-ischaemic

pa‘cients.1_6 However, despite current evidence-based guidelines,
Several clinical trials have shown that implantable cardioverter : ICDs still remain underused or misused, with implantation rates
defibrillators (ICDs) are effective means for the prevention of : varying from country to country.””® Notably, patients with
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ischaemic heart disease and low left ventricular ejection fraction
(LVEF) are exposed to an increased risk of SCD'® and although
international guidelines were updated, years ago, to include this
population into a Class IA indication for ICD implantation,'" criti-
cisms still remain. In particular, whether or not all patients with a
previous myocardial infarction (Ml) and low LVEF should receive
an ICD"~" still remains an issue prompting debate and attempts
are being made to better risk stratify these patients.

Although re-entry mechanisms have been considered the
primary cause of ventricular arrhythmias in post-Ml patients,
recent findings support the hypothesis that acute ischaemia
might also represent a prevalent mechanism of sudden death in
post-Ml, through different mechanisms, from increased release of
cytokines, changes in metabolic and ions substrate to inhomogen-
eous conduction delays and blocks that may also, in turn, facilitate
re—en‘cr’y.“”19

The hypothesis behind the study was that different mechanisms
underlay the genesis of arrhythmias in these patients and that acute
ischaemia may play a dominant role in the occurrence of SCD or in
the most fast and life-threatening forms of ventricular arrhythmias
[i.e. ventricular fibrillation (VF) or fast ventricular tachycardia
(VT)], while re-entry could be mainly associated to slower arrhyth-
mias. Recently, specific plasma biomarkers have been introduced
for risk stratification of acute coronary events (e.g. inflammatory
cytokines, biomarkers of plaque destabilization and rupture, bio-
markers of myocardial stretch).20

Therefore, the aim of the CAMI-GUIDE (C-reactive protein
Assessment post Myocardial Infarction to GUIde DEfibrillator im-
plantation) study was to prospectively test the hypothesis that
plasma levels of the prototypic inflammatory biomarker C-reactive
protein were associated with the risk of potentially fatal arrhyth-
mias and SCD in a population of ischaemic patients with previous
Ml and LVEF <30% who received an ICD according to the inclu-
sion criteria of the MADIT Il study.® Additionally, NT-proBNP and
cystatin-C were also assessed in order to evaluate the potential
additive benefit of a multi-marker approach for risk stratification.

Methods

CAMI-GUIDE was a multicentre prospective observational study
involving 24 Italian centres experienced in ICD implantation and
follow-up. Patients were enrolled between 15 October 2004 and 7
June 2006. The study design, including details on selection criteria,
study endpoints, clinical follow-up and sample size, have been previ-
ously published.*" Briefly, the study enrolled patients with a previous
MI (>30 days) and LVEF <30%, who were candidates for the implant-
ation of an ICD or cardiac resynchronization therapy device with a de-
fibrillator (CRT-D). The primary endpoint was to assess the
relationship between C-reactive protein levels recorded at baseline
and a combined endpoint of SCD or the occurrence of fast VT
(>200 b.p.m.) or VF requiring ICD interventions at 2 years of follow-
up. In particular, the sample was selected to detect an increase in at
least 48.6% in the primary outcome in the subgroup of patients with
C-reactive protein >3mg/L compared with those with C-reactive
protein <3 mg/L. Secondary endpoints included all-cause mortality,
heart failure (HF) hospitalizations, and HF-related mortality according
to baseline C-reactive protein values. In addition to C-reactive protein,
NT-proBNP and cystatin-C values were assessed in a parallel analysis
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to determine the additive prognostic value of a multi-marker approach
for determining the risk of SCD or fast VT/VF and of all-cause
mortality.

Statistical analysis

Descriptive statistics are presented for all collected variables, overall
and according to pre-specified C-reactive protein groups. The Fisher
exact test has been used to compare proportions and either the
Student t-test or the Mann—Whitney U test to compare variables
on a continuous scale. The association of C-reactive protein
(</>3 mg/L) with the primary endpoint was assessed by means of
Cox modelling. We chose for C-reactive protein a cut-off of 3 mg/L
according to data and recommendation in literature on stable patients
with ischaemic heart disease.”> >* The primary analysis was done in
univariate fashion. Heart rate (HR) (95% Cl) is presented together
with Kaplan—Meier cumulative survival and with event rates (per
100 person year) in each group. Additionally, a multivariate analysis
for competing events including available baseline parameters
(cystatin-C, NTproBNP, LVEF, HR, NYHA class, QRS width, diabetes,
previous revascularization, dilated post-ischaemic aetiology, peripheral
artery disease, history of stroke, and current smoker) was performed
in order to assess the role of C-reactive protein for each component
of death: primary endpoint (SCD/VF/fastVT), HF-related death and
death for other causes. The association of C-reactive protein with
the endpoint was also analysed on a continuous scale and categorized
according to quartiles of their distribution. Competing events (death
from other causes, transplant or ventricular-assist device implant,
myocardial infarction, and revascularization) were censored at their
time of occurrence. Similar survival analysis techniques were used
to evaluate time to event for the secondary endpoints, and to
assess the predictive role of NT-proBNP and cystatin-C.

To evaluate the potential benefit of a multivariable approach for risk
stratification, including both serum biomarkers and baseline clinical
parameters, a multivariable Cox model was used to analyse the pre-
dictive value for all-cause mortality including the three considered bio-
markers (PCR; Cys-C; NT-Pro BNP) and those clinical variables
collected in the study, significantly linked at univariate analysis or of
clinical interest and not collinear. Backward stepwise selection (P to
remove >0.1) was performed to obtain a parsimonious model for
risk stratification. This was performed by categorizing the predictor
index (the linear combination of the predictors in the model) into
the tertiles of its distribution. The Harrell’s c-statistic for discrimination
was computed. Stata 11 (StataCorp, College Station, TX, USA) was
used for computation. All tests were two-sided and a P-value < 0.05
was considered statistically significant.

Results

Patient characteristics

A total of 300 patients were recruited during the study. Sixteen
patients were excluded from analysis for inclusion criteria viola-
tions: PTCA or CABG within 1 or 3 months from implant, respect-
ively (6 patients), LVEF >30% assessed at baseline echocardiogram
(five patients), acute Ml within 1 month from implant (five
patients). One additional patient was excluded for ICD implant
refusal after having signed the informed consent. Fifteen patients
did not have baseline blood samples drawn and were excluded
from the analysis. Finally, 268 patients were considered for the
final analysis, which exceeded the predefined minimum number

of patients (252) needed to achieve adequate statistical power.?’
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Table | Baseline demographics for patients enrolled in the study, overall and per C-reactive protein levels <3/>3
Variable All patients (n = 276) C-reactive protein C-reactive protein P-value
<3 (n=124) >3 (n = 144)

Age (years, mean + SD) 67 + 10 67 + 10 68 + 10 0.17
LVEF (%, mean + SD) 26 +4 26 +4 26 +5 0.54
Systolic blood pressure (mmHg; mean + SD) 120 + 18 118 + 17 122 + 18 0.12
Diastolic blood pressure (mmHg; mean + SD) 75+ 10 744+ 9 75+ 10 0.13
Resting heart rate (b.p.m., mean + SD) 72 + 14 69 + 12 74 + 16 0.005
QRS width (ms, mean + SD) 129 + 36 126 + 33 131+ 38 0.31
Time from Ml (months; median, quartiles) 76 (21-137) 65 (21-126) 84 (20—155) 0.29
Male gender (n, %) 237; 88 111; 90 126; 88 0.38
NYHA

I (n, %) 19;7 14; 11 54 <0.0005

I (n, %) 132; 50 71; 58 61; 43

Il (n, %) 115; 43 38; 31 77; 54
Previous revascularization (n; %) 171; 65 81; 68 90; 63 0.29
Diabetes (n, %) 81; 30 43; 35 38; 27 0.089
IVCD

LBBB (n, %) 104; 42 51; 44 5341 0.745

RBBB (n, %) 17,7 9; 8 8,6

None (n, %) 125; 51 56; 48 69; 53

LVEF, left ventricular ejection fraction; n, number of subjects; NYHA, New York Heart Association; IVCD, intra ventricular conduction delay; LBBB, left bundle branch block;

RBBB, right bundle branch block.

One hundred twenty-two patients were implanted with a single-
chamber ICD, 51 with dual-chamber ICD, and 94 with a CRT
device. One patient was implanted with a dual chamber pacemaker
instead of a CRT device due to refusal to ICD after CRT implant
failure due to adverse coronary sinus anatomy. According to inten-
tion to treat analysis, the patient was included into the data set.
One hundred forty-four patients (52.2%) had C-reactive protein
at enrolment >3 mg/L. The baseline characteristics of the patients
included in the data set (Table 1) were not statistically different
between groups according to C-reactive protein<3 or >3 mg/L,
with the exception of NYHA class and resting HR, that were
higher in the C-reactive protein >3 mg/L group.

Events during follow-up and C-reactive
protein

Patients were followed for a median of 24 months. During the
course of the study 15 patients discontinued the follow-up or with-
drew from the study. Two patients who withdrew at the enrol-
ment time were not considered for survival analysis.

Sixty patients (22.6%) died during the follow-up period: the
primary endpoint was reached in 46 patients (17.3%), including
10 (3.8%) with SCD and 36 (13.5%), with fast VT/VF. Twenty-one
patients (8.3%) died due to HF-related causes; overall, 42 (15.8%)
patients died for cardiac causes and 18 for non-cardiac causes
(6.8%). No association between C-reactive protein levels (>3
vs. <3 mg/L) and the primary endpoint was found following uni-
variate analysis [HR = 0.897 (0.503-1.599) Table 2]. Correspond-
ingly, the almost

associated Kaplan—Meier curves were

Table 2 Univariable association of PCR with
composite endpoint of sudden cardiac death or fast
ventricular tachycardia/ventricular fibrillation

Univariable

C-reactive protein >3 0.897 0.503-1599 0.712
C-reactive protein (IIQ vs. 1Q) 1120 0.503-2.493 0.781
C-reactive protein (IIQ vs. IQ)  0.92 0.284-1.962  0.666
C-reactive protein (IVQ vs. 1Q) 142 0.652-3.138  0.373
C-reactive protein (continuous)  1.145  0.905-1.449  0.258

1Q, quartiles of distribution.
®Hazard ratio with 95% confidence interval.

superimposed (Figure 7). Consistent results were obtained when
considering separately each component of the primary endpoint.
Similarly, no association with the primary endpoint was evident
neither when C-reactive protein was categorized into quartiles
nor when it was assessed on a continuous scale (after log-
transformation). C-reactive protein levels were associated with all-
cause mortality, death due to HF and first hospitalization for HF
(Figure 2). The multivariate analysis for competing risks confirmed
that the risk of sudden death or ventricular arrhythmias associated
with C-reactive protein was close to the null value, while
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Figure | Kaplan—Meier plot of freedom from sudden cardiac death or ventricular tachycardia/ventricular fibrillation during follow-up accord-
ing to C-reactive protein >3 vs. C-reactive protein <3. CRP, C-reactive protein; HR, hazard ratio.

C-reactive protein had a strong association with HF-related mor-
tality (Table 3). Patients with C-reactive protein >3mg/L had a
greater than three-fold increase in risk of dying from HF than
those with C-reactive protein <3 mg/L; this risk remained essen-
tially unchanged after adjusting for covariates in a multivariable ana-
lysis [HR: 3.09 (1.37-6.97); P = 0.006).

Multi-marker analysis

NT-proBNP value above the median was significantly associated
with the composite primary endpoint [adjusted HR: 1.46
(1.020-2.129); P=0.042] and with occurrence of death from
any cause [adjusted HR: 525 (2.724-10-142); P < 0.001).
Cystatin-C above the median was not associated with the
primary endpoint [adjusted HR: 1.57 (0.871-2.834); P = 0.133]
but was associated with all-cause mortality [adjusted HR: 2.61
(1.502—-4.533); P = 0.001].

When including the three biomarkers and the baseline clinical
variables in a multivariable model, in order to assess their inde-
pendent prognostic role on all-cause mortality, both C-reactive
protein (>3 mg/L) and NT-proBNP (above median) together
with NYHA class >Il and HR >70 (among clinical parameters)
showed a significant association with mortality (Table 4), C-reactive
protein (above median) though marginally non-significant, and
associated with a 1.7-fold increase in risk. Cystatin-C was
removed from the model. The risk function for all-cause mortality
including those biochemical and clinical variables, when divided in
tertiles, showed a high discriminating power (Harrell's ¢ = 0.78),
eliciting a 2-year morality rate below of 5% in the low risk group
vs. a value equal to 50% in the high risk group (Figure 3). Moreover,
if biomarkers were excluded from the model, discrimination
dropped (c-statistic = 0.72).
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Discussion

Despite several trials demonstrating the efficacy of ICDs in redu-
cing sudden and all-cause mortality in ischaemic and non-ischaemic
patients' "¢ and the fact that international guidelines have been
updated accordingly, ICDs are still underused in clinical practice
among different geograu:)hies.ﬁ9 Implantable cardioverter defibril-
lator eligibility is commonly debated, particularly when only LVEF
is used in the selection of ICD candidates. The limited sensitivity
of the LVEF to predict risk of sudden death, as stressed by
Buxton et al.,'® may be due to the complex and, probably, incom-
pletely understood pathophysiology of life-threatening arrhyth-
mias. Presently, there is still a lack of validated criteria for
additional selection for prophylactic ICD therapy among patients
with reduced LVEF; the recent focus on both clinical and non-
invasive ECG risk predictors such as QRS duration, T-waves alter-
nans, HR turbulence, and QT variability failed to produce clinically
relevant information to date.'>**2¢

In this study, we tested the hypothesis that biological markers
associated with acute ischaemia or plaque instability may be asso-
ciated with the mechanisms of SCD or life-threatening ventricular
arrhythmias. We focused primarily on high sensitivity C-reactive
protein, and, additionally, on a multi-marker approach to investi-
gate risk stratification in post-MI patients with depressed ventricu-
lar function.

C-reactive protein, an acute-phase protein associated with
inflammatory disorders, has been significantly correlated in ischae-
mic patients with infarct extension, complications and poor
outcome.”’?® Elevated levels of C-reactive protein have been
demonstrated to be highly predictive of the risk of death in patients
with ischaemic heart disease®” " and in apparently healthy sub-
jects.32 In particular, elevated C-reactive protein levels turned
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Figure 2 Kaplan—Meier plot of freedom from (A) all-cause
mortality (B) mortality for heart failure (C) hospitalization for
heart failure, during follow-up according to C-reactive protein
>3 vs. C-reactive protein <3. CRP, C-reactive protein; HR,
hazard ratio.

out to be associated with sudden coronary death due to plaque
rupture and with the risk of future sudden death in healthy sub-
jects.?”3° The CAMI-GUIDE study for the first time tested pro-
spectively the hypothesis that high sensitivity C-reactive protein

Table 3 Competing risk multivariable analysis for
different components of mortality: primary endpoint
(sudden cardiac death or ventricular fibrillation or fast
ventricular tachycardia); death for heart failure, death
for other causes, according to C-reactive protein >3 vs.
C-reactive protein <3

HR (95% Cl)>  P-value

C-reactive protein—sudden cardiac 091 049-1.69 0.76

death or VF or fast VT
C-reactive protein—death for heart 3.09
failure

1.37-6.97 0.006

C-reactive protein—death for other 179 046-6.96 040

causes

*Hazard ratio with 95% confidence interval (estimates adjusted for Cystatin-C,
NTproBNP, LVEF, heart rate, NYHA, QRS width, diabetes, previous
revascularization, dilated post-ischaemic aetiology, peripheral artery disease,
history of stroke, and current smoker).

Table 4 Association of serum biomarkers and clinical
variables with all-cause mortality

Overall association: y> = 57.3, P < 0.001 Harrel’s ¢ = 0.77

Variable HR (95% CI)? P-value
C-reactive protein 1.95 1.06-3.56 0.031
Cystatin-C 1.67 0.91-3.05 0.095
NT Pro-BNP 3.07 1.-6.56 0.004
NYHA class >l 2.01 1.12-3.59 0.019
Resting heart rate >70 278 1.48-5.01 0.001

*Hazard ratio with 95% confidence interval.

Backward stepwise selection original variables: C-reactive protein, Cystatin-C,
NT-Pro BNP, LVEF, resting heart rate, NYHA class, QRS duration, diabetes,
previous revascularization, dilated post-ischaemic aetiology, peripheral artery
disease, history of stroke, and current smoker. Removed variables with P > 0.1:
diabetes, LVEF, QRS duration, previous revascularization, NYHA class, cystatin-C,
peripheral artery disease, current smoker.

NYHA, New York Heart Association.

C-reactive protein = 1 if >3 mg/L; cystatin-C = 1 if >1.25 mg/L; NT-Pro BNP =
1if >1610 pg/mL.

may play a role in sudden death in patients with previous Ml and
severely depressed LVEF and may represent a guide for additional
risk stratification in patients indicated for ICD implantation accord-
ing to current guidelines. This study failed to demonstrate an asso-
ciation between C-reactive protein, either on a discrete (quartiles,
binomial) or continuous scale, and the occurrence of a composite
endpoint of SCD or threatening ventricular arrhythmias and,
therefore, to validate C-reactive protein as a marker of risk in
these patients. With a hazard ratio close to 1, this study provides
no evidence of possible associations between C-reactive protein
levels before ICD implantation and future appropriate therapy de-
livery or SCD. However, the clinical design of the CAMI-GUIDE
study, with C-reactive protein levels assessed at ICD implantation
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Figure 3 Kaplan—Meier survival curves for all-cause mortality according to the tertiles of the risk function, calculated from the multivariable
model. The upper tertile represents high-risk patients having increased, CRP, NT-Pro BNP, dilated post-ischaemic aetiology, previous stroke,
and higher resting HR. BNP, brain natriuretic peptide; HR, heart rate; CRP, C-reactive protein; NYHA, New York Heart Association.

and events occurring up to 2 years post-implant, does not allow us
to completely exclude the hypothesis that a rise in C-reactive
protein during follow-up might have anticipated the occurrence
of life-threatening arrhythmias in our population. Therefore, we
cannot completely rule out a role of C-reactive protein and inflam-
mation in SCD of ischaemic patients.

The absence of any association between C-reactive protein and
ventricular arrhythmias in this sample, apparently in contrast with

other results obtained in previous studies,®>73¢

may be explained
by differences in the enrolled population. C-reactive protein has
been shown to be elevated in subjects studied at autopsy after

2% and

sudden coronary death in association with plaque rupture
in healthy subjects at risk of future sudden death;30 however,
these studies included populations with a low cardiovascular risk.
Conversely, the CAMI-GUIDE study involved patients with a
higher risk profile, having previous infarction, low ejection fraction
and, in several cases, HF. It might be therefore possible that
C-reactive protein may emerge as a marker of SCD in low risk
population, but that the risk conferred by C-reactive protein is
completely blunted in the presence of stronger factors as those
present in our population. Additionally, the mechanisms associated
to SCD and ventricular arrhythmias may be different: Burke?’
found high levels of C-reactive protein in the blood and plaque
of patients died suddenly for a coronary plaque rupture, while in
our study the occurrence of new ischaemic events was definitely
low. This suggests that plaque rupture and acute ischaemia, condi-
tions that C-reactive protein may be able to detect, were not the
major cause of VT/VF occurrence in our patients and that re-entry
mechanism was dominant cause for the events. Although this con-
clusion may appear obvious, it is an important confirmatory

observation, as several authors have stressed the possibility that
different ischaemia-associated electrophysiological mechanisms
may induce TV and FV."*~" To increase sensitivity of our analysis
for ischaemic life threatening arrhythmias, we had selected as end-
points FV and fast VT, i.e. those with a HR >200, that are sup-
posed to have a significant ischaemic component. The results
from the CAMI-GUIDE study outline the complexity in matter of
predicting major ventricular arrhythmias, probably reflecting a
poor understanding of their mechanisms in this population,
where left ventricular dysfunction, myocardial ischaemia, scar,
and sympathetic hyperactivity may all play a different role in each
patient.

Conversely, a more recent analysis of the MADIT Il study analys-
ing 8 year outcomes,’” showed that ICD implantation based exclu-
sively on low ejection fraction is more efficient in terms of patients
needed to treat to save one life than originally thought. Therefore
debates for additional risk stratification could be mitigated when
taking into account the long-term outcomes of these patients
and published guidelines recommending ICD implantation for
patients with low ejection fraction could be reinforced.

On the other hand, in this study C-reactive protein was found to
be a strong predictor of death for HF and of re-hospitalization for
HF, endpoints that have been previously analysed retrospectively
or in single-centre studies.*®~* The observation that C-reactive
protein levels predict HF mortality and re-hospitalization is intri-
guing: despite resulting from a secondary analysis, this finding sug-
gests a role of infllammation in the pathophysiology of HF.
Additionally, this result supports the use of C-reactive protein as
a marker of HF risk and underlines the potential adjunctive role
of a CRT implant in post-MI patients candidates for an ICD with
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elevated C-reactive protein, in order to prevent disease progres-
sion. As a matter of fact, more recently, the MADIT-CRT*' and
REVERSE* trials demonstrated the effectiveness of CRT in
those patients who were previously indicated only for an ICD.

Multiple biomarkers assessment

NT-proBNP and Cystatin-C were measured to evaluate the poten-
tial additive benefit of a multi-marker approach for risk stratifica-
tion in these patients. Cystatin-C is a marker of renal function,
more accurate than creatinine and glomerular filtration rate,
which is an excellent marker of death in ischaemic patients.****
NT-proBNP is the amino terminal part of BNP, a natriuretic
peptide that has been consistently shown to be an excellent
marker of HF and, in small, recent studies, of sudden death/VT/
VF in ICD recipients.*>~*

Results of this further analysis
NT-proBNP is not only a significant predictor of death for HF,
but it is also a predictor of VT/VF and sudden death. The
complex pathogenesis of the major ventricular arrhythmias in high-

provide evidence that

risk post-MI patients might explain why NT-proBNP, which is an
accurate marker of LV dysfunction, neuro-hormonal activation,
and inflammation, is a predictor of life-threatening arrhythmias
and sudden death.”> The relatively short duration of follow-up
might explain why renal function, assessed by Cystatin-C levels,
does not predict the outcome in this study (although an almost
two-fold increase in risk of dying from any cause was shown).
The independent association of biomarkers with all-cause mortal-
ity, together with resting HR >70 b.p.m., dilated post-ischaemic
aetiology and previous stroke, led to a further improvement of
risk stratification that may be of clinical interest. Indeed, it allows
identifying subjects with markedly different risk profiles within an
apparently homogeneous population of post-MI patients with
depressed ventricular function. These findings outline the multi-
facet nature of cardiac death in post-MI| patients with low LVEF
in whom no single risk factor can cover all clinical and patho-
physiological aspects and stress the importance of a multi-marker
approach.*?=°

The present study has inherent limitations that include the
absence of randomization and the fact that the composite endpoint
can be considered only a surrogate of SCD, as VT/VF episodes
treated by the device cannot be considered equivalent to SCD.
However, while closing the doors to pre-implant C-reactive
protein as a prognostic marker of sudden death in this population,
this study showed that a multi-marker approach, used together
with traditional clinical predictors of death (such as HR and
NYHA class) results in a better risk stratification of these patients.
Therefore, these findings open the possibility to identify subsets
with different risk profiles and may help physicians to optimize
the management of available resources when treating ischaemic
patients indicated for an ICD.

Acknowledgements

We acknowledge the study Advisory Board members (F.B., LM.B,,
G.F. Gensini, L. Padeletti, A. Raviele, M.S.), the Event Adjudication
Committee (G.Z., S.O., C. Vasco, R. Luise) the Study Core Lab
in Policlinico Agostino Gemelli, Roma, Italy (G.G., N. Vitulano,

A. Femino, M. Narducci) and the study Sponsor (FA. GR,
L. Sallusti, D. Brandi) for their contribution to this study.

Funding

This work was sponsored by Boston Scientific.

Conflict of interest: CK. has received consulting fees from Boston
Scientific. F.A. is an employee of Boston Scientific.

References

1. Moss AJ, Hall W], Cannom DS, Daubert JP, Higgins SL, Klein H, Levine JH,
Saksena S, Waldo AL, Wilber D, Brown MW, Heo M. Improved survival with
an implanted defibrillator in patients with coronary disease at high risk for ven-
tricular arrhythmia. Multicenter Automatic Defibrillator Implantation Trial Inves-
tigators. N Engl | Med 1996;335:1933—-1940.

2. Buxton AE, Lee KL, Fisher |D, Josephson ME, Prystowsky EN, Hafley G. A rando-
mized study of the prevention of sudden death in patients with coronary artery
disease. Multicenter Unsustained Tachycardia Trial Investigators. N Engl | Med
1999;341:1882-1890.

3. Moss A, Zareba W, Hall W, Klein H, Wilber D), Cannom DS, Daubert |P,
Higgins SL, Brown MW, Andrews ML. Prophylactic implantation of a defibrillator
in patients with myocardial infarction and reduced ejection fraction. N Engl | Med
2002;346:877—-883.

4. Kadish A, Dyer A, Daubert JP, Quigg R, Estes NA, Anderson KP, Calkins H,
Hoch D, Goldberger |, Shalaby A, Sanders WE, Schaechter A, Levine JH. Prophy-
lactic defibrillator implantation in patients with nonischemic dilated cardiomyop-
athy. N Engl | Med 2004;350:2151-2158.

5. Bardy GH, Lee KL, Mark DB, Poole JE, Packer DL, Boineau R, Domanski M,
Troutman C, Anderson |, Johnson G, Mc Nulty SE, Clapp-Channing N,
Davidson-Ray LD, Fraulo ES, Fishbein DP, Luceri RM, Ip JH. Amiodarone or an
implantable cardioverter-defibrillator for congestive heart failure. N Engl | Med
2005;352:225-237.

6. Bristow MR, Saxon LA, Boehmer J, Krueger S, Kass DA, De Marco T, Carson P,
DiCarlo L, DeMets D, White BG, DeVries DW, Feldman AM.
Cardiac-resynchronization therapy with or without an implantable defibrillator
in advanced chronic heart failure. N Engl | Med 2004;350:2140—2150.

7. Greenberg SM, Epstein AE, Deering T, Goldman DS, Ghidina M, Neason C,
Proclemer A. A Comparison of ICD implantations in the United States vs. Italy.
Pacing Clin Electrophysiol 2007;30:5143-5146.

8. Proclemer A, Ghidina M, Cicuttini G, Gregori D, Fioretti PM. Impact of the main
implantable cardioverter-defibrillator trials for primary and secondary prevention
in Italy: a survey of the national activity during the years 2001-2004. Pacing Clin
Electrophysiol 2006;29:520—528.

9. Pedretti RF, Curnis A, Massa R, Morandi F, Tritto M, Manca L, Occhetta E,
Molon G, De Ferrari GM, Sarzi Braga S, Raciti G, Klersy C, Salerno-Uriarte JA.
Proportion of patients needing an implantable cardioverter defibrillator on the
basis of current guidelines: impact on healthcare resources in Italy and the
United States. Data from the ALPHA study registry. Europace 2010;12:
1105-1111.

10. Every N, Hallstrom A, McDonald KM, Parsons L, Thom D, Weaver D, Hlatky MA.
Risk of sudden vs. nonsudden cardiac death in patients with coronary artery
disease. Am Heart | 2002;144:390—396.

11. Zipes DP, Camm AJ, Borggrefe M, Buxton AE, Chaitman B, Fromer M,
Gregoratos G, Klein G, Moss AJ, Myerburg RJ, Priori SG, Quinones MA,
Roden DM, Silka MJ, Tracy C, Smith SC Jr, Jacobs AK, Adams CD, Antman EM,
Anderson JL, Hunt SA, Halperin JL, Nishimura R, Ornato JP, Page RL, Riegel B,
Priori SG, Blanc J}, Budaj A, Camm AJ, Dean V, Deckers JW, Despres C,
Dickstein K, Lekakis ], McGregor K, Metra M, Morais ], Osterspey A,
Tamargo JL, Zamorano J. ACC/AHA/ESC 2006 guidelines for management of
patients with ventricular arrhythmias and the prevention of sudden cardiac
death: a report of the ACC/AHA Task Force and the ESC Committee for Practice
Guidelines. Circulation 2006;114:e385—e484.

12. Owens DK, Sanders GD, Heidenreich PA, McDonald KM, Hlatky MA. Effect of
risk stratification on cost-effectiveness of the implantable cardioverter defibrilla-
tor. Am Heart | 2002;144:440—-448.

13. Buxton AE, Moss AJ. Should everyone with an ejection fraction less than or equal
to 30% receive an implantable cardioverter-defibrillator? Not everyone with an
ejection fraction < or=30% should receive an implantable cardioverter-
defibrillator. Circulation 2005;111:2537—-2549.

14. Bigger JT Jr. Relationship between left ventricular dysfunction and ventricular
arrhythmias after myocardial infarction. Am | Cardiol 1985;57:8B—14B.

Downl oaded from https://academ c. oup. comf eurheartj/article-abstract/33/11/1344/547912

by guest

on 30 July 2018



Prediction of ICD intervention by CRP

1350a

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

Downl oaded from https://academ c. oup. comf eurheartj/article-abstract/33/11/1344/547912

by guest
on 30 July 2018

Bailey JJ, Berson AS, Handelsman H, Hodges M. Utility of current risk stratification
tests for predicting major arrhythmic events after myocardial infarction. | Am Coll
Cardiol 2001;38:1902—-1911.

Schwartz RS, Burke A, Farb A, Kaye D, Lesser |R, Henry TD, Virmani R. Micro-
emboli and microvascular obstruction in acute coronary thrombosis and
sudden coronary death: relation to epicardial plaque histopathology. | Am Coll
Cardiol 2009;54:2167-2173.

Tomaselli GF, Zipes DP. What causes sudden death in heart failure? Circ Res 2004;
95:754-763.

Pogwizd SM, Hoyt RH, Saffitz JE, Corr PB, Cox JL, Cain ME et al. Reentrant and
focal mechanisms underlying ventricular tachycardia in the human heart. Circula-
tion 1992;86:1872—1887.

Mehta D, Curwin J, Gomes JA, Fuster V. Sudden death in coronary artery disease.
Acute ischemia vs. myocardial substrate. Circulation 1997;96:3215-3223.
Panteghini M, Apple FS, Christenson RH, Dati F, Mair J, Wu AH. Proposals from
IFCC Committee on Standardization of Markers of Cardiac Damage (C-SMCD):
recommendations on use of biochemical markers of cardiac damage in acute cor-
onary syndromes. Scand | Clin Lab Invest 1999;230:103—112.

Bellocci F, Biasucci LM, Gensini GF, Padeletti L, Raviele A, Santini M, Giubilato G,
Landolina M, Biondi-Zoccai G, Raciti G, Sassara M, Castro A, Kheir A, Crea F.
Prognostic role of post-infarction C-reactive protein in patients undergoing im-
plantation of cardioverter defibrillators: design of the C-reactive protein assess-
ment after Myocardial Infarction to Guide Implantation of Defibrillator (CAMI
GUIDE) study. | Cardiovasc Med 2007;8:293-299.

Biasucci LM. CDC/AHA workshop on markers of inflammation and cardiovascu-
lar disease application to clinical and public health practice clinical use of inflam-
matory markers in patients with cardiovascular diseases. A background paper.
Circulation 2004;110:e560—e567.

Blake GJ, Rifai N, Buring JE, Ridker PM. Blood pressure, C-reactive protein, and
risk of future cardiovascular events. Circulation 2003;108:2993-2999.

Currie CJ, Poole CD, Conway P. Evaluation of the association between the first
observation and the longitudinal change in C-reactive protein, and all-cause mor-
tality. Heart 2008;94:457-462.

Filion KB, Xie X, van der Avoort CJ, Dendukuri N, Brophy JM. Microvolt T-wave
alternans and the selective use of implantable cardioverter defibrillators for
primary prevention: a cost-effectiveness study. Int | Technol Assess Health Care
2009;25:151-160.

Goldberger J). Evidence-based analysis of risk factors for sudden cardiac death.
Heart Rhythm 2009;6:52—S7.

de Beer FC, Hind CR, Fox KM, Allan RM, Maseri A, Pepys MB. Measurement of
serum C-reactive protein concentration in myocardial ischemia and infarction. Br
Heart | 1982;47:239-243.

Liuzzo G, Biasucci LM, Gallimore JR, Grillo RL, Rebuzzi AG, Pepys MB, Maseri A.
The prognostic value of C-reactive protein and serum amyloid a protein in severe
unstable angina. N Engl | Med 1994;331:417—-442.

Burke AP, Tracy RP, Kolodgie F, Malcom GT, Zieske A, Kutys R, Pestaner |,
Smialek J, Virmani R. Elevated C-reactive protein values and atherosclerosis in
sudden coronary death—association with different pathologies. Circulation 2002;
105:2019-2023.

Albert CM, Ma J, Rifai N, Stampfer M), Ridker PM. Prospective study of C-reactive
protein, homocysteine, and plasma lipid levels as predictors of sudden cardiac
death. Circulation 2002;105:2592-2599.

Bickel C, Rupprecht HJ, Blankenberg S, Espiniola-Klein C, Schlitt A, Rippin G,
Hafner G, Treude R, Othman H, Hofmann KP, Meyer ]. Relation of markers of
inflammation (C-reactive protein, fibrinogen, von Willebrand factor, and leuko-
cyte count) and statin therapy to long-term mortality in patients with angiographi-
cally proven coronary artery disease. Am | Cardiol 2002;89:901-908.

Ridker PM, Cushman M, Stampfer M), Tracy RP, Hennekens CH. Imflammation,
aspirin, and the risk of cardiovascular disease in apparently healthy men. N Engl
J Med 1997;336:973-978.

Biasucci LM, Giubilato G, Biondi-Zoccai G, Sanna T, Liuzzo G, Piro M. C reactive
protein is associated with malignant ventricular arrhythmias in patients with is-
chaemia with implantable cardioverter-defibrillator. Heart 2006;92:1147-1148.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Streitner F, Kuschyk ], Veltmann C, Ratay D, Schoene N, Streitner |,
Brueckmann M, Schumacher B, Borggrefe M, Wolpert C. Role of proinflamma-
tory markers and NT-proBNP in patients with an implantable cardioverter-
defibrillator and an electrical storm. Cytokine 2009;47:166—-167.

Konstantino Y, Kusniec ], Reshef T, David-Zadeh O, Mazur A, Strasberg B,
Battler A, Haim M. Inflammatory biomarkers are not predictive of intermediate-
term risk of ventricular tachyarrhythmias in stable CHF patients. Clin Cardiol 2007;
30:408—-413.

Blangy H, Sadoul N, Dousset B, Radauceanu A, Fay R, Aliot E, Zannad F. Serum
BNP, hs-C-reactive protein, procollagen to assess the risk of ventricular tachycar-
dia in ICD recipients after myocardial infarction. Europace 2007;9:724-729.
Goldenberg |, Gillespie ], Moss AJ, Hall WJ, Klein H, McNitt S, Brown MW,
Cygankiewicz |, Zareba W. Long-term benefit of primary prevention with an
implantable cardioverter-defibrillator: an extended 8-year follow-up study of
the Multicenter Automatic Defibrillator Implantation Trial Il. Circulation 2010;
122:1265-1271.

Anand IS, Latini R, Florea VG, Kuskowski MA, Rector T, Masson S, Signorini S,
Mocarelli P, Hester A, Glazer R, Cohn JN. C-reactive protein in heart failure:
prognostic value and the effect of valsartan. Circulation 2005;112:1428—1434.
McMurray J), Kjekshus J, Gullestad L, Dunselman P, Hjalmarson A, Wedel H,
Lindberg M, Waagstein F, Grande P, Hradec J, Kamensky G, Korewicki |,
Kuusi T, Mach F, Ranjith N, Wikstrand ]. Effects of statin therapy according to
plasma high-sensitivity C-reactive protein concentration in the Controlled Rosu-
vastatin Multinational Trial in Heart Failure (CORONA): a retrospective analysis.
Circulation 2009;120:2188—-2196.

Kozdag G, Ertas G, Kilig T, Acar E, Agir A, Sahin T, Cetin M, Bildirici U, Ural D.
Elevated level of high-sensitivity C-reactive protein is important in determining
prognosis in chronic heart failure. Med Sci Monit 2010;16:CR156—-CR161.

Moss AJ, Hall WJ, Cannom DS, Klein H, Brown MW, Daubert |P, Estes NA Il
Foster E, Greenberg H, Higgins SL, Pfeffer MA, Solomon SD, Wilber D,
Zareba W. Cardiac-resynchronization therapy for the prevention of heart-failure
events. N Engl | Med 2009;361:1329—1338.

Linde C, Abraham WT, Gold MR, St John Sutton M, Ghio S, Daubert C. Rando-
mized trial of cardiac resynchronization in mildly symptomatic heart failure
patients and in asymptomatic patients with left ventricular dysfunction and previ-
ous heart failure symptoms. | Am Coll Cardiol 2008;52:1834—1843.

Deo R, Shlipak MG, Ix JH, Ali S, Schiller NB, Whooley MA. Association of cystatin
C with ischemia in patients with coronary heart disease. Clin Cardiol 2009;32:
E18-E22.

Ix JH, Shlipak MG, Chertow GM, Whooley MA. Association of cystatin C with
mortality, cardiovascular events, and incident heart failure among persons with
coronary heart disease: data from the Heart and Soul Study. Circulation 2007;
115:173-179.

Verma A, Kilicaslan F, Martin DO, Minor S, Starling R, Marrouche NF,
Almahammed S, Wazni OM, Duggal S, Zuzek R, Yamaji H, Cummings ],
Chung MK, Tchou PJ, Natale A. Preimplantation B-type natriuretic peptide con-
centration is an independent predictor of future appropriate implantable defibril-
lator therapies. Heart 2006;92:190—195.

Galante O, Amit G, Zahger D, Wagshal A, llia R, Katz A. B-type natruiretic
peptide levels stratify the risk for arrhythmia among implantable cardioverter de-
fibrillator patients. Clin Cardiol 2008;31:586—589.

Yu H, Oswald H, Gardiwal A, Lissel C, Klein G. Comparison of N-terminal pro-
brain natriuretic peptide vs. electrophysiologic study for predicting future out-
comes in patients with an implantable cardioverter defibrillator after myocardial
infarction. Am | Cardiol 2007;100:635—-639.

Scott PA, Barry J, Roberts PR, Morgan JM. Brain natriuretic peptide for the pre-
diction of sudden cardiac death and ventricular arrhythmias: a meta-analysis.
Eur | Heart Fail 2009;11:958—966.

Morrow DA, Braunwald E. Future of biomarkers in acute coronary syndromes:
moving toward a multimarker strategy. Circulation 2003;108:250—252.
Braunwald E. Biomarkers in heart failure. N Engl | Med 2008;358:2148—-2159.



