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Despite improved pharmacological management, congestive heart 
failure continues to be a prevalent syndrome with substantial 
morbidity and mortality. In recent years, cardiac resynchronization 

therapy was introduced as a new treatment modality for patients 
with systolic heart failure and New York Heart Association 
functional class III-IV and evidence of cardiac asynchrony [1]. 
Early studies have demonstrated an improvement in patients’ 
performance status and left ventricular ejection fraction as well as 
in their quality of life [2-6]. The COMPANION trial (Comparison 
of Medical Therapy, Pacing, and Defibrillation in Heart Failure) 
demonstrated a reduction in the composite endpoint of death 
from any cause and in hospitalizations of patients treated with 
CRT alone or in combination with implantable defibrillator 
as compared to medical therapy [7]. The recently published 
CARE-HF trial (Cardiac Resynchronization-Heart Failure) further 
validated the role of CRT treatment in these patients and its 
favorable clinical effects on morbidity and mortality [8].

In the CARE-HF trial CRT was shown to improve hemodynam--
ic, echocardiographic and biochemical parameters. Accordingly, 
N-terminal pro-B-type natriuretic peptide levels were significantly 
reduced at 18 months follow-up in patients treated with CRT. 
Patients with congestive heart failure exhibit heightened inflam--
matory activity, as reflected by increased C-reactive protein 
levels [9]. However, whether these levels are influenced by CRT 
treatment was not addressed. It should be noted that not all 
patients benefit from CRT, therefore it is important to identify 
the non-responsive subjects [1,10]. 

The purpose of the current study was to examine whether 
CRT is associated with an early reduction of BNP and CRP levels 
and whether this reduction can predict patients’ response to the 
treatment. Levels of these markers were assessed in both the 
coronary sinus and the peripheral venous blood.

Patients and Methods 
Patients 
The study included 32 consecutive patients eligible for CRT at 
the Tel Aviv Sourasky Medical Center, i.e., patients with systolic 
heart failure with left ventricular ejection fraction < 35%, NYHA 
functional class III-IV despite maximal medical treatment and 
QRS complex duration > 120 msec. Patients were also evaluated 
for their need of a defibrillator in combination with CRT. 

CRP = C-reactive protein
NYHA = New York Heart Association
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Biventricular device implantation (with or without defibrillator)
All leads were implanted transvenously; the left ventricular pacing 
lead was inserted into either the lateral or posterolateral cardiac 
veins. The leads were connected to a biventricular pacemaker in 
5 patients or implantable cardioverter defibrillator in 27 patients 
(Guidant in 28 patients, Medtronic in 3 patients, and Saint 
Jude in 1 patient). The atrioventricular delay was optimized 
echocardiographically. 

Study design and follow-up
Blood samples from the peripheral venous blood and coronary 
sinus (in 18 patients) were collected during the implantation 
procedure. Patients were followed in the outpatient clinic for 
2 weeks after the procedure at which time another peripheral 
venous blood sample was drawn. Sera were separated and frozen 
at -80°C until performance of the laboratory assays. 

The extent of improvement according to the NYHA was as--
sessed 1 month after the implantation. Thereafter, patients were 
followed every 3–6 months or at higher frequency as dictated by 
the patients’ clinical status. During follow-up, an interrogation 
of the defibrillator for episodes of ventricular arrhythmias was 
conducted. The study endpoints were all-cause mortality and 
hospitalization due to heart failure. The local ethics committee 
approved the study. 

BNP assay
BNP levels were measured by a chemiluminescent technique 
with the Bayer ADVIA Centaur BNP assay, according to the 
manufacturer’s instructions (Bayer HealthCare LLC).

High sensitivity CRP concentrations
The assay for hsCRP was conducted according to the manu--
facturer’s instructions (Dade Behring Inc.). Briefly, the principle 
of the method is the use of polystyrene particles coated with 
monoclonal antibodies to CRP. These particles agglutinate with 
CRP. CRP level was determined according to the intensity of the 
scattered light in the nephelometer, compared with standards of 
a known concentration.

Statistical analysis
Comparison between baseline levels of the different parameters 
and their change following the implantation were examined using 
Student’s t-test for paired samples. The same test was used for 
evaluating the differences between baseline levels of BNP and 
hsCRP in the coronary sinus compared to PVB. Associations 
between the various parameters were assessed by Pearson’s cor--
relation coefficient. 

Cox proportional hazard model was applied to study the ef--
fect of each one of the different parameters at baseline and the 
change in parameters (Δ) on survival and time to hospitalization, 
and to determine hazard ratios. Receiver operating characteristic 

analysis was used to define cutoffs of baseline and Δ levels of 
the different parameters with the greater sensitivity and specificity 
for event prediction.

Event rates were compared by Kaplan-Meier curves. The sta--
tistical significance level was set to 0.05 and the SPSS software 
version 12 was used for the analysis.

Results
Baseline clinical characteristics of our cohort are shown in 
Table 1. All patients except one were male and according to the 
inclusion criteria had NYHA III-IV (mean 3.4 ± 0.56) and LVEF 
21.5 ± 5.9%. CRT-D was implanted in 27 patients (84%). The 
indication for CRT-D was an episode of sustained monomorphic 
ventricular tachycardia in 16 patients (59%), ventricular fibrilla--
tion in 6 patients (22%), induction of monomorphic VT during 
electrophysiologic studies in 4 patients (15%) and an episode of 
non-sustained VT coupled with low LVEF in 1 patient (4%).

Patients were followed for a minimum of 3.5 months and up 
to 34 months, mean 17.7 ± 8.2 months. During follow-up, there 
were 6 mortality events (18.7%) and 12 patients were hospitalized 
due to exacerbation of CHF (37.5%). Four patients had an episode 
of sustained monomorphic VT, which was terminated in three by 
anti-tachycardia pacing and necessitated automated cardioversion 
in one. None of these patients died during follow-up.

Levels of BNP and hsCRP decreased significantly 2 weeks 
after the implantation (BNP mean difference 229.1 ± 102.5 pg/ml, 
95% CI 24.2–434, P < 0.0001; hsCRP mean difference 5.2 ± 2.4 
mg/dl, 95% CI 0.3–10.1, P = 0.001) [Figure 1]. Levels of BNP 
were significantly higher in the CS compared to the peripheral 

Table 1. Clinical characteristics of the patient cohort (n=32)

Age (mean ± SD)

Males (%)

NYHA (mean ± SD)

LVEF (mean ± SD)

QRS (mean ± SD) 

Ischemic cardiomyopathy

Dilated cardiomyopathy

Hyperlipidemia

Smoking

Past smoker

Hypertension

Diabetes mellitus

Chronic atrial fibrillation

Transient ischemic attacks/cerbrovascular accidents

Percutaneous transluminal coronary angioplasty

Coronary artery bypass surgery

ACE inhibitors/ARBs

Spironolactone

Beta blockers

Statins 

Digoxin

Diuretics

Anticoagulants 

68.6 ± 11.6 yrs

31 (96.8)

3.4 ± 0.56

21.5 ± 5.9%

165.5 ± 32.3 msec

19 (59.3)

13 (40.6)

17 (53.1)

2 (6.2)

14 (43.7)

13 (40.6)

11 (34.3)

3 (9.3)

4 (12.5)

12 (37.5)

12 (37.5)

28 (87.5)

12 (37.5)

19 (59.3)

18 (56.2)

11 (34.3)

32 (100)

13 (40.6)

ACE = angiotensin converting enzyme, ARB = angiotensinogen receptor 

blockers

LVEF = left ventricular ejection fraction
CRT-D = defibrillator in combination with CRT
VT = ventricular tachycardia
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venous blood (835 ± 704 pg/ml compared to 561 ± 483 pg/ml, 
P = 0.01). However, there was no significant difference in hsCRP 
levels between the CS and the PVB (13.3 ± 15.4 compared to 
11.7 ± 11.9, P = 0.3). NYHA and QRS duration also decreased 
significantly (NYHA decreased from a mean of 3.4 ± 0.6 to 2.1 ± 
0.4, P < 0.0001); QRS duration was reduced from 165.5 ± 32.3 to 
113.1 ± 22 msec (P < 0.0001).

Baseline levels of PVB BNP and CS BNP correlated closely 
with each other (r = 0.92, P < 0.0001). PVB BNP also correlated 
with baseline NYHA (r = 0.46, P = 0.007). Due to smaller groups 
of patients tested for CS BNP, the correlation between CS BNP 
and baseline NYHA was only close to statistical significance (r = 
0.46, P = 0.06). There was no correlation between baseline PVB 
BNP or CS BNP and LVEF or QRS duration. 

There was a significant correlation between the decrease 
in BNP and hsCRP from baseline levels to the level 2 weeks 
post-transplantation (r = 0.39, P = 0.02). However, neither cor--
related with the difference in NYHA (Δ NYHA) or QRS duration 
(Δ QRS).

In order to study the clinical significance of the different base--
line values and their change (Δ) after the implantation, a Cox 
regression model was used. Δ BNP was the only independent 
factor that predicted mortality (P = 0.029, hazard ratio 0.993, 95% 
CI 0.986–0.999), while CS BNP and baseline NYHA were the only 
independent predictors of the time to admission due to heart 

failure exacerbation (CS BNP: HR 1.001, 95% CI 1–1.002, P = 
0.024; baseline NYHA: HR 5.47, 95% CI 1.2–25, P = 0.028).

Using ROC analysis we identified that a cutoff of 18.3 pg/ml 
in Δ BNP discriminated patients’ response to CRT with regard 
to survival. A Kaplan-Meier survival curve [Figure 2] shows a 
significantly better outcome for patients with Δ BNP above this 
cutoff (P < 0.001). A cutoff of 812 pg/ml of CS BNP with regard 
to hospitalizations was identified, but it did not reach statistical 
significance due to the small sample group. Patients hospital--
ized due to CHF exacerbation had CS BNP of 1473 ± 938 pg/ml 
compared to 569 ± 373 of non-hospitalized patients (P = 0.01) 
[Figure 3].

Discussion
We demonstrated that within 2 weeks after CRT, patients in whom 
BNP level does not fall by more than 18.3 pg/ml are at increased 

HR = hazard ratio
ROC = receiver operating characteristic

Figure 1. Levels of BNP [A] and hsCRP [B] at baseline in 
the coronary sinus (CS) and peripheral venous blood (1st) 
and in the peripheral venous blood 2 weeks after biventricular 
pacemaker implantation (2nd). 

A

B

Figure 2. Survival curve according to Δ BNP. Relationship be--
tween the reduction in BNP levels 2 weeks after the implanta--
tion (Δ BNP) and survival based on a cutoff of 18.3 pg/ml. Dot--
ted line = patients with Δ BNP > 18.3 pg/ml, continuous line = 
Δ BNP < 18.3 pg/ml

Figure 3. Baseline CS BNP in patients hospitlalized or not 
hospitalized after CRT. Levels of CS-BNP were determined 
by enzyme-linked immunosorbent assay as described in the 
Methods. A comparison was made between levels of CS BNP 
in patients hosptialized or not hospitalized subsequent to 
implantation of biventicular pacemaker.

P = 0.01 P < 0.0001

P = 0.01

P = 0.03 P = 0.001
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risk of mortality. Secondly, BNP levels in the CS are increased 
compared to PVB and can predict risk of CHF-related hospitaliza--
tion after CRT. In addition, we demonstrated for the first time 
that CRT could reduce the activation of the inflammatory axis in 
patients with advanced CHF, as reflected by a drop in peripheral 
hsCRP levels. However, levels of hsCRP or their drop after 2 
weeks of CRT did not correlate with clinical outcome. 

CRT is now indicated for patients with systolic heart failure, 
wide QRS and NYHA ≥ III despite medical therapy [1]. However, 
adoption of these criteria results in a favorable response in only 
two-thirds of patients [10]. Several prospective and retrospective 
trials sought to identify better criteria for predicting adequate 
response to CRT [11-14]. These criteria include electrocardio--
graphic [11] and echocardiographic findings [12], including tissue 
Doppler imaging [13] and parameters of ventricular asynchrony. 
These parameters are useful for choosing suitable patients prior 
to the implantation. Our finding that an early drop in BNP level 
predicts favorable response to CRT can guide clinicians in the 
follow-up of patients after implantation. Thus, a lack of early 
drop in BNP level post-implantation may warrant repositioning 
of the ventricular lead, intensifying patients’ follow-up, or drug 
therapy. Similar reports of reduced NT-proBNP and BNP levels 
post-CRT were published previously [15]. Our results emphasize 
the usefulness of an early assessment of BNP levels. Also, our 
patient group differs in the high percentage of patients with 
implantable defibrillator. 

An ongoing debate followed the COMPANION trial regarding 
whether CRT alone prolongs survival or whether the beneficial ef--
fect is related to the defibrillator. The CARE-HF trial supported a 
role for CRT as being beneficial in reducing mortality. Our results, 
that a drop in BNP level predicted favorable response in terms 
of mortality in patients with CRT, suggest that assessment of the 
neurohormonal axis could be employed for early assessment of 
patient response.

In accordance with a previous trial, BNP concentration in the 
CS was higher compared to the PVD [16]. We found that levels 
of BNP in the CS are better predictors of CHF-related hospital--
izations after CRT. BNP is a 32 amino acid peptide generated 
through the enzymatic cleavage of its precursor proBNP. BNP is 
continuously released from ventricular myocytes in response to 
stretch and pressure overload in patients with CHF. It is cleared 
from the circulation by two main pathways: enzymatic degra--
dation through neutral endopeptidases and receptor-mediated 
endocytosis followed by lysosomal degradation. Renal function 
also influences its level [17]. Therefore, peripheral blood BNP 
levels are influenced by other factors apart from myocardial wall 
stress, and it may be less correlated with heart failure severity 
than BNP levels in the CS. Our results that CS BNP is a better 
predictor of CHF-related hospitalization were obtained in a small 
group of patients and need further validation.

CRP, a non-specific “acute-phase” protein, is a known marker 
of inflammation. It was found to predict the clinical course in 
patients with CHF [9]. However, its role in patients treated with 

NT-proBNP = N-terminal pro-B-type natriuretic peptide

CRT was not tested. We found that similar to BNP, levels of 
hsCRP decreased already 2 weeks after the implantation, yet the 
magnitude of decrease did not correlate with clinical outcome. 
Whether this is related to the small study group or reflects infe--
riority of the predictive value of CRP compared to BNP in heart 
failure patients needs further testing. Nevertheless, we could 
demonstrate that CRT lessens the activation of the inflammatory 
axis in patients with CHF in a pattern similar to the effect on 
BNP.

Conclusions
We demonstrated that in CHF patients treated with CRT, an early 
decrease in the levels of BNP and hsCRP is generally observed 
and patients who do not exhibit a decrease in BNP level have an 
increased mortality risk. We also demonstrated that CS levels of 
BNP are increased compared to the PVB levels and correlate bet--
ter with CHF-related hospitalizations. Measuring BNP level during 
biventricular pacemaker implantation and 2 weeks afterwards 
may predict patient response to treatment and guide clinical 
management. 
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Ironside and colleagues from Edinburgh tried to perform prion 
protein gene (PRNP) codon 129 analysis in DNA extracted from 
appendix tissue samples that had tested positive for disease- 
associated prion protein. Reanalysis of positive cases identified 
in a retrospective anonymized unlinked prevalence study of 
variant Creutzfeldt-Jakob disease (vCJD) in the United Kingdom. 
The study samples were three positive appendix tissue samples 
out of 12,674 samples of appendix and tonsil tested for disease- 
associated prion protein. The patients from whom these samples 
were obtained were 20–29 years old at the time of surgery, which 
took place in 1996-69. The study was carried out in pathology 
departments in two tertiary centers in England and Scotland. 
Adequate DNA was available for analysis in two of the three 
specimens, both of which were homozygous for valine at codon 

129 in the PRNP. The researchers conclude that this is the first 
indication that the valine homozygous subgroup at codon 129 
in the PRNP is susceptible to vCJD infection. All tested clinical 
cases of vCJD have so far occurred in the methionine homozygous 
subgroup, and a single case of probable iatrogenic vCJD infec--
tion was identified in one patient who was a methionine/valine 
heterozygote at this genetic locus. People infected with vCJD 
with a valine homozygous codon 129 PRNP genotype may have 
a prolonged incubation period, during which horizontal spread 
of the infection could occur either from blood donations or from 
contaminated surgical instruments used on these individuals 
during the asymptomatic phase of the illness.

Br Med J 2006;332:1186
Eitan Israeli

Capsu le

Variant Creutzfeldt-Jakob disease 

The rapid decrease of oxygen and glucose in brain tissue after 
an acute stroke can trigger necrotic neuronal cell death within 
minutes. The main underlying cause is the dysregulation of 
major intracellular ion concentrations, but it has been unclear 
which particular ion channels are activated by ischemic condi--
tions in pyramidal neurons. Pannexin 1 (Px1) is a member of 
a family of gap junction proteins that are highly expressed 

in pyramidal neurons. In acutely isolated neurons and brain 
slices, Thompson et al. found that Px1 hemichannel opening 
was activated by ischemic stress. Thus, hemichannel activation 
by ischemia during stroke could be responsible for the profound 
ionic dysregulation contributing to excitotoxicity.

Science 2006;312:924
Eitan Israeli

Capsu le

Stroke, ischemia, and ion flux

One of the hardest things in life is having words in your heart that you can’t utter

James Earl Jones (1931- ), U.S. actor
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