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Preimplantation B-type natriuretic peptide
concentration is an independent predictor of future
appropriate implantable defibrillator therapies
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Objective: To assess prospectively whether preimplantation B-type natriuretic peptide (BNP) and C reactive
protein (CRP) concentrations predict future appropriate therapies from an implantable cardioverter-
defibrillator (ICD).
Design and setting: Prospective cohort study conducted in a tertiary cardiac care centre.
Methods: 345 consecutive patients undergoing first time ICD implantation were prospectively studied.
Serum BNP and CRP concentrations were obtained the day before ICD implantation. Patients were
followed up with device interrogation to assess for appropriate shocks or antitachycardia pacing.
Inappropriate therapies were excluded. Mean (SD) follow up was 13 (5) months.
Results: Patients had ischaemic (71%), primary dilated (17%), and valvar or other cardiomyopathies
(12%). About half (52%) had ICDs implanted for primary prevention. Sixty three (18%) received
appropriate ICD therapies. Serum creatinine, b blocker, statin, and angiotensin converting enzyme
inhibitor usage did not differ between therapy and no therapy groups. By univariate comparison, ejection
fraction (p = 0.048), not taking amiodarone (p = 0.033), and BNP concentration (p = 0.0003) were
risk factors for ICD therapy. However, by Cox regression multivariate analysis, only BNP above the 50th
centile was a significant predictor (hazard ratio 2.19, 95% confidence interval 1.07 to 4.71, p = 0.040).
Median BNP was 573 ng/l versus 243 ng/l in therapy and no therapy patients, respectively
(p = 0.0003). More patients with BNP above the 50th centile (27% v 10%, p = 0.006) received ICD
therapies.
Conclusions: A single preimplantation BNP concentration determination is independently predictive of ICD
therapies in patients with cardiomyopathies undergoing first time ICD implantation. CRP was not
independently predictive of ICD therapies when compared with BNP.

S
everal clinical trials have now shown the benefit of
implantable cardioverter-defibrillator (ICD) implanta-
tion for both primary and secondary prevention of

arrhythmic death.1–3 However, the ability to better identify
subgroups that would most and least benefit from ICD
implantation remains of great interest, especially given the
high economic cost of ICDs. ICD shocks also cause major
discomfort and sometimes debilitating anxiety for patients,
so being able to predict shock occurrence would lead to shock
avoidance and improvement in patient quality of life. A few
studies have identified some risk factors that predict which
patients will receive appropriate ICD delivered therapies.4–10

Clinical risk factors include lower left ventricular ejection
fraction (EF), higher New York Heart Association (NYHA)
class, and not taking b blockers.8 9 However, the underlying
aetiology of cardiomyopathy and whether the device was
implanted for primary or secondary prevention may not
identify patients at highest risk of arrhythmic events.9–11

Serum biomarkers have emerged as an effective and simple
way to identify various patient populations at highest risk of
adverse cardiac outcomes. In particular, an increased C
reactive protein (CRP) concentration is associated with major
adverse cardiac events in patients with congestive heart
failure (CHF).12 An increased B-type natriuretic peptide
(BNP) concentration not only independently predicts mor-
tality in patients with and without CHF13 14 but also may
predict sudden death.15 16 However, whether increased BNP

or CRP concentrations predict future arrhythmic events
treatable by an ICD is unknown. Therefore, the purpose of
our study was to assess whether preimplantation BNP and
CRP concentration could predict future appropriate ICD
therapies.

METHODS
Patient population
Consecutive patients undergoing first time implantation of
either a single or dual chamber ICD at the Cleveland Clinic
Foundation between October 2002 and October 2003 were
prospectively studied. Patients undergoing ICD implantation
at the clinic routinely have blood drawn the day before
implant for basic haematological and biochemical analyses.
Therefore, obtaining BNP and CRP concentrations did not
require a separate visit or blood sampling for the patient. All
included patients had (1) presence of structural heart disease,
(2) either primary or secondary prevention indications for
ICD implantation, and (3) serum biomarker concentrations
determined from blood drawn the day before implantation.

Abbreviations: AVID, antiarrhythmics versus implantable defibrillators;
BNP, B-type natriuretic peptide; CAD, coronary artery disease; CHF,
congestive heart failure; CI, confidence interval; CRP, C reactive protein;
EF, ejection fraction; ICD, implantable cardioverter-defibrillator; NICM,
non-ischaemic dilated cardiomyopathy; NYHA, New York Heart
Association; SCD-HeFT, sudden cardiac death in heart failure trial; VF,
ventricular fibrillation; VT, ventricular tachycardia
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Exclusion criteria were patients having an existing ICD,
implantation of a biventricular ICD, a separate pacing
indication, residence too remote to attend follow up in a
Cleveland Clinic Health System device clinic, or presence of
any of the following conditions within 60 days of implanta-
tion: decompensated heart failure, acute coronary syndrome,
major surgery, or systemic infection. Baseline demographic
data, clinical characteristics, ECG, and an echocardiogram
were collected within one month before implantation for
included patients. NYHA class was assessed on the day before
ICD implantation. All patients gave informed consent for the
blood tests and procedures and all data were collected in
accordance with institutional ethics review board guidelines
at the Cleveland Clinic Foundation.

Serum biomarkers
Patients had their venous blood samples drawn from a
forearm vein for both BNP and ultrasensitive CRP concentra-
tions on the day before ICD implantation. All blood samples
were drawn in the morning after an overnight fast. CRP
concentrations were assayed by immunonephelometry with
the Dade Behring BNIII analyser protocol (Dade Behring,
Deerfield, Illinois, USA; detection limit 0.175 mg/l, upper
measurement limit 24 mg/l, expected reference interval
, 0.5–2.0 mg/l, coefficient of variation 7.6%) on non-EDTA
serum separated samples. BNP concentrations were deter-
mined according to the manufacturer’s specifications with
the Biosite Diagnostics assay (Biosite Diagnostics, San Diego,
California, USA; detection limit , 5 ng/l, upper measure-
ment limit 5000 ng/l, expected reference interval 5–100 ng/l,
coefficient of variation 10.1%) on samples collected in EDTA
tubes. Samples were analysed by personnel blinded to the
patients’ clinical data.

End point and follow up
Patients were followed up after implantation in a Cleveland
Clinic Health System device clinic at six weeks, three months,
and every six months thereafter (our routine follow up
schedule). They were also asked to call the device clinic
within 72 hours of an ICD discharge to make an appointment
for a visit. At each visit the patient was clinically assessed and
the device was interrogated. Occurrence of an ICD shock or
antitachycardia pacing was confirmed in all cases by device
interrogation. The attending staff electrophysiologist in the
clinic then analysed the stored electrograms to determine
whether the shock or antitachycardia pacing occurred
appropriately for the treatment of either sustained ventricular
tachycardia (VT) or ventricular fibrillation (VF). Another
electrophysiologist blinded to the first staff member’s
interpretation also confirmed the appropriateness of the
ICD therapy. Both had to agree in their interpretation of the
event for the event to be included as an appropriate ICD
therapy. Both electrophysiologists were blinded to the
patient’s BNP and CRP results.

The end point of the study was the occurrence of any
appropriate ICD delivered therapy, whether shock or anti-
tachycardia pacing. Inappropriate ICD therapies (caused by
supraventricular tachycardia, device malfunction, etc) were
not included for analysis. The mean (SD) follow up time for
patients was 13.1 (5.2) months.

Statistical analysis
All data are reported as mean (SD) for continuous variables
and number of patients (%) for categorical variables unless
otherwise indicated. BNP and CRP concentrations are
expressed as median (interquartile range). Univariate ana-
lyses were carried out by the unpaired, independent samples t
test for continuous variables and the x2 test for categorical
variables. However, since the distributions of BNP and CRP

concentrations were skewed, these variables were compared
by the Mann-Whitney U test. The incidence of ICD therapy
over time was compared between categories of BNP by the
Kaplan-Meier method for time to event curves and the log
rank test for comparison. All multivariate analyses by Cox
regression analysis with a determination of a hazard ratio
and its 95% confidence interval (CI) for each variable in the
model. Forward, stepwise regression was initially performed
to identify those variables that most affected the hazard ratio
of BNP, with a cut off p , 0.10 for entry into the model.
Separate forced entry regression analyses were performed to
adjust the hazard ratio of BNP for these and other potential
confounding variables. Univariate Cox regression with BNP
or BNP quartile used as the only variable was also performed
to determine an unadjusted hazard ratio. We also divided the
population into increasing quartiles with respect to BNP. The
hazard ratios of ICD shock were calculated for quartiles two
through four compared with the lowest (first) quartile in
unadjusted and adjusted analyses. To test for trend,
univariate Cox regression was performed by treating quartile
as a continuous variable and by using the median value of
each quartile. Similar multivariate and quartile analyses were
performed for CRP as was described for BNP. A probability
value of p , 0.05 was considered significant for all statistical

Table 1 Baseline characteristics of patients who did and
did not receive therapy from an implantable cardioverter-
defibrillator (ICD)

Characteristic
ICD therapy
(n = 63)

No ICD therapy
(n = 282) p Value

Age (years) 61 (13) 64 (13) 0.22
Men 54 (86%) 234 (83%) 0.72
Primary prevention 34 (54%) 147 (52%) 0.68
History of CHF 48 (76%) 226 (80%) 0.57
CAD 40 (63%) 206 (73%) 0.19
Dilated CM 14 (22%) 45 (16%) 0.14
Valvar/other CM 9 (14%) 31 (11%) 0.29
NYHA class

I 15 (24%) 60 (21%) 0.12
II 20 (32%) 131 (46%)
III 24 (38%) 83 (29%)
IV 4 (6%) 8 (3%)

LVEF (%) 23 (11) 30 (13) 0.048*
b Blocker 47 (75%) 197 (70%) 0.49
Amiodarone 13 (21%) 114 (40%) 0.033*
Other antiarrhythmic 11 (17%) 28 (10%) 0.16
ACE inhibitor 38 (60%) 183 (65%) 0.58
Statin 29 (46%) 147 (52%) 0.71
Creatinine (mmol/l) 124 (71) 115 (80) 0.65
BNP (ng/l)� 573 (205–824) 243 (103–518) 0.0003*
CRP (mg/l)� 2.2 (0.35–8.4) 1.75 (0.47–4.4) 0.57

Data are mean (SD), number (%), or median (interquartile range).
*Significant difference.
ACE, angiotensin converting enzyme; BNP, B-type natriuretic peptide;
CAD, coronary artery disease; CHF, congestive heart failure; CM,
cardiomyopathy; CRP, C reactive protein; LVEF, left ventricular ejection
fraction; NYHA, New York Heart Association.

Table 2 Comparison of device settings in patients with
and without ICD therapies

ICD setting

ICD
therapy
(n = 63)

No ICD
therapy
(n = 282) p Value

Number of tachycardia zones 2.2 (0.9) 2.3 (0.9) 0.89
VF detection setting (beats/min) 190 (14) 192 (15) 0.45
VT detection setting (beats/min) 164 (29) 161 (27) 0.20
Antitachycardia pacing
programmed in VT zone(s) 82.5% 86.1% 0.14

Data are mean (SD).
VF, ventricular fibrillation; VT, ventricular tachycardia.
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determinations. All data were analysed with SPSS software
version 11.0 (SPSS Inc, Chicago, Illinois, USA).

RESULTS
Study patients
Of the 590 patients who underwent ICD surgery at the
Cleveland Clinic during the time of this study, 345 met the
necessary inclusion criteria and were enrolled in the study.
The most common reasons for exclusion were upgrade to or
implantation of a biventricular ICD (n = 102, 17.3%), recent
cardiac surgery within 60 days of implantation (n = 71,
12%), and remote residence that prevented follow up in one
of our device clinics (n = 51, 8.6%). Some patients had more
than one reason for exclusion. All enrolled patients under-
went the routine follow up. Appropriate ICD therapies were
delivered in 63 of the 345 enrolled patients (18.3%), with
antitachycardia pacing in 11, antitachycardia pacing with
shock(s) in 14, and shock(s) in 38. The mean number of
shocks for each patient was 2 (4). Mean time to ICD delivered
therapy was 8.2 (4.6) months. No events were excluded
because of disagreement between the interpreting electro-
physiologists. Table 1 presents baseline characteristics of
patients with and without appropriate ICD delivered therapy.

There were no significant differences in the ICD tachy-
cardia therapy programming between the two groups
(table 2). The number of tachycardia zones and the cut off
values for VT and VF detection were not statistically different.
The percentage of patients with antitachycardia pacing
programmed in the VT zone(s) was also similar between
groups (not significant).

Age, sex distribution, history of coronary artery disease
(CAD), non-ischaemic dilated cardiomyopathy (NICM), or
CHF did not differ significantly. Interestingly, the proportion
of patients with a primary prevention indication for their ICD
also did not differ, with 54.0% in the therapy group versus
52.1% in the no therapy group (p = 0.68). Patients in the
therapy group had significantly lower EF than did those
without therapy (23% v 30%, p = 0.048). A significantly
higher number of patients in the no therapy group (40.4%)
than in the therapy group (20.6%, p = 0.033) were taking
amiodarone. The distribution of NYHA class did not differ
significantly between groups (p = 0.12). b Blocker, angio-
tensin converting enzyme inhibitor, or statin use also did not
differ significantly. Serum creatinine was also similar in the
two groups.

Serum biomarkers
Table 1 presents serum biomarker concentrations in the two
groups. Preimplantation plasma BNP concentration was

significantly higher in patients who had an appropriate ICD
delivered therapy than in patients who did not have any
therapy (median 573 ng/l v 243 ng/l, p = 0.0003).
Preimplantation plasma CRP concentration was slightly
higher in patients with ICD therapy than in those without,
but this difference was not significant (median 2.2 mg/l v
1.7 mg/l, p = 0.57).

Multivariate analysis
Cox regression analysis was performed to obtain adjusted
hazard ratios for several clinical variables by forcing them
into the model: age, sex, ICD indication, LV function, CAD,
NICM, CHF history, advanced NYHA class (III or IV), b
blocker use, amiodarone use, plasma BNP concentration, and
plasma CRP concentration. Table 3 lists hazard ratios, p
values, and their respective 95% CIs. Only a BNP concentra-
tion greater than the 50th centile was independently
associated with a higher risk of appropriate ICD therapy
(hazard ratio 2.19, 95% CI 1.07 to 4.71, p = 0.040). The
unadjusted hazard ratio for BNP determined by univariate
Cox analysis was 2.61 (95% CI 1.29 to 5.29, p = 0.008). In
forward, stepwise Cox regression analysis of the same
variables listed in table 3, amiodarone, CAD, EF, and NICM
all had p , 0.10 and were therefore identified as potential
confounders. However, after adjustment for these four
variables in a forced entry model, BNP remained indepen-
dently predictive (hazard ratio 2.89, p = 0.005). BNP was
also adjusted separately for variables significantly associated
with high BNP concentrations (namely, age, history of CHF,
advanced NYHA class, EF, amiodarone use, and creatinine,
identified from table 4); BNP remained independently
predictive (hazard ratio 2.11, p = 0.046).

Plasma CRP concentration in the upper 50th centile was
not independently predictive of ICD therapy when adjusted
for the other clinical variables (p = 0.30). When BNP and
EF were sequentially removed from the model, CRP still
failed to be significantly predictive. Advanced NYHA class (III
or IV) was also not independently predictive (p = 0.56).
When the model was repeated with individual NYHA classes
instead, none of the individual NYHA classes was indepen-
dently predictive either.

BNP analysis
Occurrence of ICD therapy and clinical characteristics were
compared according to plasma BNP concentrations in the
upper and lower 50th centiles. Table 4 and fig 1 show the
results. The 50th centile BNP concentration was 283 ng/l. As
fig 1 shows, patients with a BNP concentration above the
50th centile were much more likely to have an appropriate
ICD therapy (log rank p = 0.006). Patients with a BNP

Table 3 Multivariate analysis of predictors of
appropriate defibrillator therapy

Variable
Hazard
ratio p Value 95% CI

BNP (upper 50th centile) 2.19 0.040 1.07 to 4.71*
CAD 1.82 0.21 0.71 to 6.54
NYHA III/IV 1.77 0.56 0.57 to 2.76
CRP (upper 50th centile) 1.47 0.30 0.71 to 3.06
History of CHF 1.40 0.56 0.45 to 4.41
ACE inhibitor use 1.23 0.60 0.57 to 2.67
Age (per decade) 1.09 0.58 0.80 to 1.50
ICD indication (primary) 0.95 0.89 0.45 to 2.01
LVEF (per 5%) 0.85 0.11 0.70 to 1.04
Dilated CM 0.69 0.59 0.17 to 2.76
b Blocker use 0.64 0.28 0.28 to 1.44
Sex (male) 0.45 0.18 0.14 to 1.44
Amiodarone use 0.41 0.068 0.15 to 1.10

*Significant difference.
CI, confidence interval.

Table 4 Patient characteristics by BNP centile

Characteristic

BNP centile

p Value,50th (n = 172) .50th (n = 173)

ICD therapy� 17 (10%) 46 (27%) 0.006*
Age (years) 61 (11) 65 (13) 0.020*
Men 141 (82%) 147 (85%) 0.57
History of CHF 122 (71%) 152 (88%) 0.0012*
CAD 121 (70%) 125 (72%) 0.76
Dilated CM 33 (19%) 26 (15%) 0.59
NYHA III/IV 40 (23%) 73 (42%) 0.006*
LVEF (%) 30 (14) 23 (11) 0.0010*
b Blocker 121 (70%) 123 (71%) 0.99
Amiodarone 48 (28%) 79 (46%) 0.015*
ACE inhibitor 114 (66%) 107 (62%) 0.68
Creatinine (mmol/l) 106 (71) 124 (80) 0.032*

*Significant difference; �comparison of ICD therapy by time to event
analysis versus log rank test (fig 1).

192 Verma, Kilicaslan, Martin, et al

www.heartjnl.com



concentration above the 50th centile were also older, had
lower left ventricular EF, had more advanced NYHA class (III
and IV), and were more likely to have a history of CHF and to
be taking amiodarone. The two groups did not differ
significantly in sex, CAD, NICM, b blocker use, or angiotensin
converting enzyme inhibitor use. Serum creatinine concen-
tration was slightly higher in the upper 50th centile group
than in the lower 50th centile (124 mmol/l v 106 mmol/l,
p = 0.032).

After adjustment for all of the clinical variables included in
the multivariate analysis, the hazard ratios of ICD shock for
the quartiles of BNP plasma concentrations were compared
with those of the lowest quartile. The hazard ratios for
quartiles two through four were 4.74, 5.83, and 8.72,
respectively, as fig 2 shows (p value for trend 0.006).
Median BNP concentrations for quartiles one through four
were 60, 192, 450, and 1179 ng/l, respectively. The unad-
justed hazard ratio for being in the first quartile (versus not)
showed that these patients were much less likely to
experience ICD therapy (hazard ratio 0.15, p = 0.009). In
contrast, the unadjusted hazard ratio for being in the highest
quartile (versus not) was 2.33 (p = 0.01) suggesting a much
higher risk of ICD therapy.

CRP analysis
CRP was not predictive by univariate Cox analysis (hazard
ratio 1.19, 95% CI 0.62 to 2.27, p = 0.60). Quartile analysis
for CRP failed to show any significant trend between
incidence of ICD therapy and increasing quartile levels.
Even when the highest quartile of CRP (. 4.6 mg/l) was
used in the multivariate model instead of the upper 50th
centile, CRP remained a non-significant predictor of ICD
therapy (p = 0.55).

DISCUSSION
Main findings
The main finding of this study is that a single determination
of plasma BNP concentration obtained before ICD implanta-
tion is the strongest independent predictor of future
appropriate ICD therapies. Patients with BNP concentrations
above the 50th centile were at significantly higher risk of ICD
therapy. A dose–response relation existed, with risk of ICD
therapy increasing with higher BNP concentrations.
Importantly, plasma BNP is a stronger predictor than age,
EF, NYHA class, primary or secondary indication for ICD, b

blocker usage, and amiodarone usage. CRP was not a
significant independent predictor either by univariate or by
multivariate analysis adjusted for other clinical variables.
These are important findings that show the ability of a serum
marker to predict future arrhythmic events amenable to ICD
therapy.

Predictors of ICD therapies
Several studies have examined risk factors for occurrence of
appropriate ICD therapies in ICD patients but the results have
not always been consistent. EF seems to be the most reliable
predictor of ICD therapies, having been described by several
groups.6 7 9 11 Use of amiodarone or b blockers has also been
shown to be a negative predictor of ICD shock.5 8 However,
clinical variables such as age, type of cardiomyopathy,
presenting arrhythmia, and sex have not been reliably
identified as independent ICD therapy predictors. Our ICD
event rates and patient characteristics are consistent with the
literature, suggesting that this is a typical population of ICD
patients. Our finding that both amiodarone use and low EF
were univariate predictors of ICD therapy, while other
variables were not, is also consistent with previous studies.

Recently, NYHA class (particularly class III or above) has
been identified as a predictor of ICD shocks, but antitachy-
cardia pacing therapy was not included in the outcome.9 It
has also been suggested that patients in NYHA class I–II may
have fewer shocks, but this study did not perform multi-
variate analysis to adjust for EF or other key variables.7 Our
study found that NYHA classification was not independently
predictive of ICD therapy when adjusted for BNP, EF, and
other variables. This is consistent with observations that BNP
can predict mortality in patients with CHF independent of
functional status17 and can even predict adverse cardiac
events in patients without overt heart failure.14 18

To our knowledge, no previous studies have specifically
examined the predictive power of BNP or CRP on future ICD
therapies. The fact that a single, preimplantation BNP
determination was the only predictor of ICD events, even
when compared with EF and NYHA class, emphasises the
utility of this measurement. Furthermore, NYHA class can be
subjective and inconsistent between health care providers.19

BNP offers an objective and quantitative method to assess
future ICD therapy risk. We also included a broad range of
patients in our study population (primary and secondary
prevention, different cardiomyopathies), implying that BNP
may be applicable to a wide range of ICD patients.
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BNP as a clinical predictor
BNP is released largely from the ventricles in response to
increases in intraventricular pressure and myocardial
stretch.20 Changes in ventricular pressure and geometry also
cause electrophysiological changes that may lead to enhanced
arrhythmogenesis, such as enhanced refractoriness, slower
conduction, and increased afterdepolarisations.21 22 Eccentric
ventricular remodelling (dilatation), in particular, has been
shown to be an important predictor of future ICD shock,
whereas concentric ventricular hypertrophy may be a
negative predictor.23 Therefore, it is reasonable that BNP
can predict patients most likely to develop ventricular
arrhythmias amenable to ICD therapy.

BNP has already been shown to predict independently an
increase in adverse cardiac events and total mortality in
various patient populations, including those with CHF,13

acute coronary syndromes,15 and no symptomatic cardiovas-
cular disease.14 In particular, BNP has been found to be the
only independent predictor of sudden death in a large
number of patients with chronic CHF.16 Recently, another
study showed that BNP independently predicted sudden
death in mild to moderate CHF, even when compared with
assessment of peak oxygen consumption.17 However, neither
study specified arrhythmic death as an outcome. Our study
shows that BNP can predict future malignant ventricular
arrhythmias in a population with cardiomyopathies.

In contrast, CRP was not independently predictive when
compared with BNP. Increased CRP concentrations have
been shown to predict sudden death in healthy men,24 but
many of these events may have been related to acute
coronary events. CRP does predict all cause mortality plus
hospitalisation in patients with CHF12 but has not been
shown specifically to predict lethal arrhythmic events.
Perhaps inflammation has less of a role than ventricular
stretch and loading in ventricular arrhythmias in patients
with CHF.

Clinical implications
The observation that plasma BNP concentration in the upper
50th centile was the major risk factor for future, appropriate
ICD therapy has important clinical implications. By identify-
ing those at most risk, a potential opportunity for pre-
emptive measures to avoid ICD discharges may exist. Perhaps
more aggressive antitachycardia pacing protocols can be
programmed to reduce the need for shock therapy. Since BNP
concentrations are directly related to myocardial stretch, our
data imply that fluid balance and haemodynamic status may
be important factors in causing future arrhythmic events. By
maintaining optimal haemodynamic status in ICD patients, it
is possible that future ICD therapies can be avoided.
However, we cannot conclude whether these measures or
others that reduce BNP concentration will prevent future ICD
therapies on the basis of these data alone. Lastly, as the
indications for ICD therapy expand, concerns are growing
about the financial impact that these expanded indications
will have on the health care system. Use of serum markers
may have a role in helping to select and focus limited
resources on those patients who can benefit most from ICDs.

Study limitations
The utility of BNP was not compared with that of invasive
testing, such as programmed ventricular stimulation.
However, most of our patients did not undergo invasive
testing before implantation and most recent trials and
guidelines have changed to bypass invasive testing altogether
for ICD implantation.3 Data on invasive testing have also
shown it to have limited sensitivity in predicting future
arrhythmic events.25 Serum markers have the great advan-
tage of being less expensive, less invasive, and more practical

for predicting risk in patients who are already undergoing
ICD implantation. Although the majority of ICD events in our
study were shocks (82%), our end point was both shocks and
appropriate antitachycardia pacing. This means we probably
included some arrhythmic events composed of slower, more
stable VTs as opposed to exclusively analysing rapid VT or VF
events that are more often life threatening. However,
prediction of slower VTs may be equally relevant given that
they too can cause adverse haemodynamic consequences and
may encourage programming of more aggressive antitachy-
cardia pacing protocols.

The incidence of ICD therapies may seem lower (18%) in
our 13 month series than in other secondary prevention
trials. In the AVID (antiarrhythmics versus implantable
defibrillators) study, for example, 39% and 26% of patients
presenting with VT and VF, respectively, had appropriate
shocks after one year.26 However, our population received
ICDs for a mix of primary and secondary prevention, and in
primary prevention trials such as SCD-HeFT (sudden cardiac
death in heart failure trial), the annual rate of appropriate
shock was only 5%.27 Furthermore, the number of patients
taking antiarrhythmics and b blockers in our series is almost
double that in AVID.1

We also excluded patients implanted with biventricular
ICDs and, thus, we cannot assess the potential impact of
cardiac resynchronisation therapy on either BNP concentra-
tions or the future risk of appropriate ICD therapies.
Furthermore, while postulating the importance of haemody-
namic status on occurrence of arrhythmic events in this
population may be reasonable, we cannot conclude whether
measures that reduce BNP concentration will prevent future
ICD therapies on the basis of these data alone.

Lastly, the duration of follow up in this study was limited
to just over 13 months, which is short relative to larger ICD
clinical trials. The shorter duration of follow up may explain
the lower rate of ICD therapies observed in our cohort relative
to other studies. Perhaps with a longer follow up and a larger
number of events, the predictive power of BNP for ICD
therapy may have been determined with more precision. For
example, the predictive value of BNP over a longer follow up
time is not known. Specifically, with a larger sample and
event size, we may have been able to identify specific cut off
concentrations of BNP that define increased risk. However,
the fact that BNP proved to be a powerful independent
predictor despite small numbers of ICD events and a short
follow up seems to imply that BNP can be useful for risk
stratifying these patients.

Conclusions
A single preimplantation determination of BNP concentra-
tion is independently predictive of ICD therapies in patients
with cardiomyopathies undergoing first time ICD implanta-
tion. CRP was not independently predictive of ICD therapies
when compared with BNP.
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Myocardial calcification: a rare cause of diastolic dysfunction

A
65 year old man who suffered a large
anteroapical myocardial infarction 12
years previously was admitted to the

cardiology ward for investigation of heart
failure. A roentgen chest x ray showed
calcification projecting onto the apex of the
heart which corresponded on computer chest
x ray to an extensive circumferential area of
transmyocardial calcification of the old
infarcted area (panels A (transverse view)
and B (sagittal view)). Serum calcium and
parathyroid hormone concentrations were
normal. To assess any functional cardiac
changes due to these calcifications, a trans-
thoracic echocardiogram was performed,
which documented a left ventricular ejection
fraction of 30% (Simpson method), an
akinetic apical and mid part of the left
ventricle, and a persisting restrictive inflow
pattern even after high dose treatment with
intravenous diuretic therapy. We postulate
that part of the restrictive inflow pattern is
secondary due to the stiff characteristic of
the ventricle mainly caused by a large area of
myocardial calcification. Cardiac calcifica-
tions have been reported resulting from
secondary hyperparathyroidism, most fre-
quently related to chronic renal failure and
uraemia and to atherosclerosis mainly in the

coronary arteries or cardiac valves. However, a detailed review of the literature revealed no
reports of extensive circumferential myocardial calcification secondary to an old myocardial
infarction.
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