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Abstract To propose a clinical prognostic index for death

and heart failure in patients with ischemic cardiomyopathy

implanted with an ICD. This prospective study included

192 consecutive patients (age 68 ± 10) recruited from

2004 to 2009 and implanted with an ICD for MADIT II

criteria. All patients performed 24-h ambulatory blood

pressure monitoring after discharge and common haema-

tological samples. The prognostic index (PI) was built

according to the formula: 120 - age ? mean 24 h systolic

blood pressure - (creatinine 9 10). Other variables were

assessed: EF, haemoglobin concentration, mean 24 h heart

rate and diastolic blood pressure, sodium level, pacing

mode and diabetes. Non-arrhythmic cardiac death and new

hospitalizations for heart failure during 1-year follow-up

were the combined end point. A total of 48 events (25 %)

occurred during the follow-up: 7 cardiac deaths and 41

hospitalizations for acute heart failure. Cox proportional-

hazards model showed that PI was the only predictor of

events (HR = 0.96; CI 95 % 0.944–0.976, p\ 0.0001).

ROC curve showed that PI best cut-off was 144, with AUC

0.79, p\ 0.0001; sensitivity 77 %, specificity 74 %,

positive predictive value 50 %, negative predictive value

90 %. PI was predictive of events in a clinical setting

where EF had no predictive value. PI works according to

the rule ‘‘the lower the worse’’. The high negative pre-

dictive value (90 %) of PI allows to identify subjects at

lower risk for death and heart failure. PI can be a practical

tool to stratify risk in ischemic cardiomyopathy.

Keywords Heart failure � Ambulatory blood pressure

monitoring � Systolic dysfunction � Ischemic

cardiomyopathy � Internal cardiac defibrillator

Introduction

Subjects with ischemic cardiomyopathy and low ejection

fraction (EF) who receive a defibrillator to prevent sudden

death are still at high risk of heart failure and non-

arrhythmic death [1].

Prediction tools are particularly helpful in this context in

guiding medical decision-making.

Unfortunately, methods for predicting heart failure and

non-arrhythmic death in these subjects are lacking and left

ventricular ejection fraction (LVEF), the well-known gold

standard method in predicting cardiovascular events, seems

to be an uncertain predictor when applied in a cohort of

subjects with depressed systolic function (all with LVEF

B35 %).

In our previous studies it was found that age, creatinine

concentration, mean 24-h systolic blood pressure but not

ejection fraction were independent predictors in subjects

with ischemic cardiomyopathy and ICD [2, 3].

In present study, we propose a new prognostic index (PI)

built with the same variables linked in a formula according

to 120 - age ? m24hSBP - (creatinine 9 10).

The new index has been tested to predict new hospital-

izations for acute heart failure and cardiac non-arrhythmic
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death (the combined end point) in 1-year follow-up in 192

subjects who implanted an ICD for MADIT II criteria [4, 5].

Methods

Study population included 192 consecutive subjects with

previous myocardial infarction and left ventricular systolic

dysfunction (EF B 35 %) who just received an ICD, for

primary prevention of sudden death.

Exclusion criteria were relevant comorbidities, perma-

nent atrial fibrillation and inability to follow the study

protocol. The study was approved by institutional review

committee and the informed consent was given by the

subjects.

PI, left ventricular ejection fraction, pacing mode (CRT

or not), mean 24-h diastolic blood pressure, mean 24-h

heart rate, haemoglobin concentration (Hb) (g/dl), sodium

level (mEq/l) and diabetes were evaluated.

The general features of the study population are reported

in Table 1.

Mean 24-h blood pressure values and m24-h heart rate

were obtained by ambulatory blood pressure monitoring

(ABPM) with the Spacelabs 90207 recorded 2 weeks after

discharge.

ABPM system records blood pressure for 24 h or longer

with subjects doing their normal daily activities and during

sleep. All the monitors, fully automatic, used the oscillo-

metric technique and were programmed to take readings

every 15 (daytime) or 30 min (night).

ABPM can provide an estimate of the true blood pres-

sure and the recorded values do not significantly differ

from intra-arterial measures [6]. A mean of 81 measure-

ments/ABPM were recorded with 15.552 total readings.

LVEF was assessed by 2D-echo according to the

Simpson method [7] and performed before ICD implanta-

tion and about 2 weeks before ABPM recordings.

Haematological samples were collected the same day of

the ABPM recordings. Serum creatinine, sodium level and

haemoglobin concentration were measured.

The follow-up was 12 months, with ICD controls every

3 months.

Cardiac death and symptomatic left ventricular dys-

function, defined as acute pulmonary oedema or develop-

ment of signs and symptoms of heart failure requiring

hospitalization, have been the combined end point.

Two or more hospitalizations for one subject during the

follow-up were considered a single event.

The appropriate classification of events was obtained

checking the single clinical documents.

The choice of the pharmacological treatments was left to

the attending cardiologists; during the study most subjects

received standard medical therapy for heart failure with

96 % with diuretics, 94 % ACE-inhibitors or angiotensin

receptor blockers, 90 % statins, 85 % b-blockers and 16 %

digoxin.

Means ± SD were calculated for continuous variables,

whereas frequencies were measured for categorical vari-

ables (Table 1).

Multivariate Cox proportional hazard regression ana-

lysis was used to identify risk factors for time-related

occurrence of the combined end point during the follow-

up.

The results of the Cox proportional-hazards model are

presented as the hazard ratio (HR) and 95 % confidence

interval (CI).

ROC curve was built for the PI as independent predictor.

The survival curves were assessed with the Kaplan–

Meier method. Survival curves of the subgroups were

compared using the log-rank test.

Data analysis was performed using the R statistical

software package (R 2.9.1 version The R Foundation for

Statistical Computing). A p value \0.05 was considered

statistically significant.

Results

During 1-year follow-up the primary combined end point

was registered in 48 subjects (25 %) with 7 cardiac deaths

and 41 hospitalizations for acute heart failure.

The Cox multivariate analysis showed that PI for its low

values is the only independent predictor of events

(HR = 0.96; CI 95 % 0.944–0.976, p\ 0.0001) (Table 2).

None of the other variables and particularly LVEF was

predictive (p = 0.61).

Table 1 General characteristics of study population: observed fre-

quencies (%) for factors, mean and standard deviation (SD) for

continuous variables

Factors Frequencies (%)

Males 93.2

Diabetes 40.3

CRT 17.2

Continuous variables (Mean ± SD)

Age (years) 68.5 ± 10.3

LVEF (%) 29.7 ± 5

Hb (gr/dl) 13.1 ± 1.6

m24-h DBP (mmHg) 64.5 ± 7

m24-h heart rate (bpm) 69.4 ± 8.7

Sodium (mEq/l) 137.7 ± 4.4

PI 148.7 ± 17.8

LVEF left ventricular ejection fraction, Hb haemoglobin, m24-h DBP

mean 24 h diastolic blood pressure, PI prognostic index
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The ROC curve of the PI (Fig. 1) showed the best cut-

off value equal to 144, (AUC 0.79, p\ 0.0001. Sensitivity

77 %, specificity 74 %, positive predictive value 50 %,

negative predictive value 90 %).

The Kaplan–Meier survival analysis confirmed a sig-

nificant cumulative risk for groups with lower PI (Fig. 2).

Discussion

The identification of subjects at high risk of heart failure is

an extremely important issue in cardiology and particularly

in people with previous myocardial infarction.

LVEF evaluated by 2D-echo is universally known as an

important prognostic variable in this context [8].

However, LVEF is not able to stratify risk in a cohort of

subjects suffering from ischemic cardiomyopathy with left

ventricular systolic function uniformly depressed (all with

LVEF B35 %).

In fact, LVEF does not predict the outcome in our study

(p = 0.61), but it shows (see Table 2) a very large confi-

dence index (0.001–88.46).

The explanation is in the wide range value of this var-

iable, in our study; from 11 to 35 %.

Possibly, LVEF is predictive only for the lower values

of this range. The small sample of the study and the

number of the events does not allow to validate this

hypothesis.

Several attempts have been done in the congestive heart

failure population with or without ICD to identify predic-

tors of life expectancy [9].

Multiples studies found that systolic blood pressure,

serum creatinine and age were independent predictors of

death and heart failure in subjects with ischemic and non-

ischemic cardiomyopathy [2, 3, 10–15].

Our prognostic index was built supposing that the syn-

ergistic action of the independent variables, linked in a

formula, could be useful in predicting non-arrhythmic

death and new hospitalizations for heart failure. Examining

the single variables and particularly the systolic blood

pressure, we can point out immediately the interesting

result concerning blood pressure; in fact the well-known

dogma ‘‘the lower the better’’, true in primary prevention

can be uncertain in secondary prevention and particularly

in heart failure.

Table 2 Results of multivariate Cox proportional-hazards regression

Predictors HR 95 % CI p value

Diabetes 0.96 0.50–1.85 0.91

CRT 1.48 0.69–3.17 0.32

LVEF 0.21 0.001–88.46 0.61

Hb 0.81 0.65–1.02 0.07

m24-h DBP 1.00 0.95–1.06 0.92

m24-h heart rate 1.03 0.99–1.07 0.11

Sodium 0.99 0.93–1.05 0.79

PI 0.96 0.94–0.98 \0.0001

CRT cardiac resynchronization therapy

Fig. 1 ROC curve for PI with value of best cut-off, AUC (area under

curve), p value for significance of AUC, sensitivity (Se), specificity

(Sp), positive predictive value (PV?) and negative predictive value

(PV-)

Fig. 2 Kaplan–Meier survival curve stratified for subjects with

values of PI lower and higher than 144 (best cut-off)
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This finding has been previously described in high-risk

subjects with or without ischemic heart disease [16] and in

acute or chronic heart failure. In fact, the Acute Decom-

pensated Heart Failure National Registry (ADHERE)

developed a risk-stratification model to predict in-hospital

mortality, using the data collected at admission of the first

33.046 hospitalizations with primary diagnosis of acutely

decompensated heart failure, in 263 hospitals in the United

States [17].

The data were subjected to classification and regression

tree analysis to identify the best predictors to develop the

model. The validity was then independently assessed using

a second validation cohort consisting of the subsequent

32.229 hospitalization episodes.

The majority of the subjects (58 %) of the ADHERE

registry had coronary artery disease and 52 % were women

[18].

Of the 39 variables evaluated the method identified

blood urea nitrogen level (C43 mg/dl) at admission as the

best single discriminator between hospital survivors and

non-survivors. The next best predictor of in-hospital mor-

tality in both, the higher and lower blood urea nitrogen,

was low systolic blood pressure, clinically measured, at a

discriminator level of 115 mmHg.

The finding of the low systolic blood pressure, clini-

cally measured, as one of the independent predictors for

mortality, in a long-term follow-up (1, 2 and 3 years) was

also confirmed in the Seattle Heart Failure model, a

modifiable score, prospectively validated by data of 9,942

subjects with heart failure, and obtained calculating

clinical, laboratory variables and medical or devices tools

[19].

Thus the above-mentioned studies involving 75.217

episodes of heart failure, with ischemic and non-ischemic

cardiomyopathy, in a short and long time, prove the effi-

cacy of low systolic blood pressure, also clinically mea-

sured, to predict mortality.

Our study is the first to have employed the ABPM in

stable subjects with ischemic cardiomyopathy and ICD (the

MADIT II cohort), to evaluate the risk of mortality and

acutely decompensated heart failure and confirms the rel-

evance, in a small cohort, of low systolic blood pressure as

a predictor of outcome.

Why do subjects with ischemic cardiomyopathy and

with low systolic blood pressure can be at higher risk of

acutely decompensated heart failure and death?

We can hypothesize that low systolic blood pressure, in

these subjects, is a consequence of the left ventricular

systolic dysfunction, frequently associated with right ven-

tricular involvement. Moreover, low systolic blood pres-

sure can be an expression of a damaged neurohormonal

pathway, resulting in an unfit response to usual and unusual

stressors [20].

The second question is: what are the consequences of

the blood pressure reduction caused by ACE-inhibitors,

angiotensin receptor blockers and b-blockers in these

patients?

These drugs should increase stroke volume and the

blood pressure in subjects with heart failure, reducing the

peripheral resistances and heart rate; thus an important

reduction of the systolic blood pressure can indicate that

lower peripheral resistances and lower heart rate are not

followed by an increase of the stroke volume, unmasking a

severe systolic ventricular dysfunction.

Another predictive independent variable of the study is

the serum creatinine concentration for which we can say:

‘‘the lower the better’’.

The serum creatinine concentration, in fact, is a rough

marker of the renal function and several studies have

demonstrated that low kidney function is a significant risk

factor for mortality and acutely decompensated heart fail-

ure in a short and long time, in subjects with left ventricular

dysfunction [21, 22].

The above-mentioned ADHERE study found that a high

serum creatinine concentration (C2.75 mg/dl) provided

additional prognostic value for subjects having high blood

urea nitrogen (C43 mg/dl) and low systolic blood pressure

(\115 mmHg).

Thus in ADHERE registry, two of the three predictors

(high blood urea nitrogen and high serum creatinine) are

concerning the renal function, demonstrating the strong

linkage between heart and kidney, particularly in this

context.

Multiple other evaluations have demonstrated an asso-

ciation between clinical outcome and indices of renal

function in subjects hospitalized for heart failure.

The Digitalis Investigation Group trial, a multivariate

model for predicting mortality in patients with heart failure

and systolic dysfunction [21] found that serum creatinine

was one of the independent predictors of mortality, in a

short and long time, in a validation cohort of 2,145 subjects

with heart failure and depressed LVEF (28 ± 8 %).

A worsening of renal function was associated with a 7.5-

fold increase in the adjusted risk of in-hospital mortality in

a retrospective review of 1,004 consecutive subjects hos-

pitalized for heart failure at 11 geographically diverse

hospitals [22].

Other studies confirm the relevance of the renal function

in heart failure, evaluated as serum creatinine concentra-

tion or estimated as glomerular filtration rate (eGFR) which

incorporates serum creatinine, age, gender and race [15,

23]. Moreover, a retrospective analysis of the MADIT II

study showed that low eGFR or higher creatinine level

(C1.4 mg/dl) were independent predictors of hospitaliza-

tion for heart failure in subjects with ischemic cardiomy-

opathy [24].
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How does kidney impairment work to worsen heart

failure? As a player, as a marker or both?

As a player, renal dysfunction causes further congestion

and neurohormonal activation which are factors associated

with adverse outcome [25].

As a marker, it is well known that higher serum creat-

inine levels can be caused by higher diuretic dosages,

usually prescribed in subjects suffering from a more severe

left ventricular dysfunction [26].

The age, the third component of the index is a pro-

gressive degenerative condition and an unquestionable

powerful predictor for mortality and cardiovascular events.

All these risk factors can exist contemporarily in the

same subject; thus the prediction risk model (to be mean-

ingful) have to consider all the variables in combination

providing a practical prediction tool as our prognostic

index can be.

In conclusion, left ventricular ejection fraction evaluated

by 2D-echo is not predictive, in our study, for acutely

decompensated heart failure and cardiac non-arrhythmic

death.

Conversely, the PI obtainable with simple variables is

predictive for the same events and low systolic blood

pressure disappoints the well-known dogma about blood

pressure and cardiovascular risk.

The concept ‘‘the lower the better’’, demonstrated in

primary prevention seems to be not true in heart failure.

An important systolic blood pressure lowering during

intensive pharmacological therapy can unmask a more

compromised ventricular function.

Renal dysfunction evaluated as serum creatinine con-

centration is confirmed, in our study, as predictor of

adverse outcome in subjects with heart failure.

The very high negative predictive value (90 %) of the PI

can be useful to stratify people with heart failure at low risk

to apply safely the home-based follow-up.

Although drug treatment was similar in subjects with

and without events (almost all patients received b-blockers,

ACE-inhibitors, angiotensin receptor blockers and diuret-

ics), it was not possible to perform a detailed analysis of

the drug doses in individuals; so we cannot exclude that

differences in dosage may have influenced our results.

The number of the subjects studied and mostly men and

in one centre, are the major limits of the study; but the high

rate of events (25 % in 1 year) reduces the burden of the

small size cohort.

Other studies should be performed but PI could be

considered to be applied in existing databases of heart

failure to be validated in a larger population.
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