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Background: In patientswith chronic heart failure, physical evaluationand clinical judgmentmaybe inadequate
for prognostic stratification.
Hypothesis: Information obtained with simple bedside tests would be helpful in patient management.
Methods: We report on 142 outpatients with systolic heart failure seen at our heart failure unit from
2007 to 2010 (ages 69.4 ± 8.9 years; ejection fraction [EF] 30.6 ± 6.1%; 43% with implanted defibrillators
and/or resynchronization devices). At their first visit, we assessed levels of brain natriuretic peptide (BNP)
(pg/mL), evaluated transthoracic conductance (TFC) (1/k�) by transthoracic bioimpedance, and performed
echocardiography.
Results: Four-year mortality was 21.2%. At multivariate analysis, surviving and deceased subjects did not differ
regarding New York Heart Association, age, gender, heart failure etiology, or EF at index visit. Patients who
died had higher BNP and TFC (BNP = 884 ± 119 pg/mL vs 334 ± 110 pg/mL; TFC = 50 ± 8/k� vs 37 ± 7/k�,
both P < 0.001]. Patients with BNP < 450 pg/mL and TFC < 40/k� had a 2.1% 4-year mortality, compared to
46.5% mortality of patients having BNP ≥ 450 pg/mL and TFC ≥ 40/k�. BNP ≥ 450 pg/mL and TFC ≥ 40/k�
showed high sensitivity (91%) and specificity (88%)in identifying patients who died at follow-up.
Conclusions: The combined use of BNP and impedance cardiography during the first assessment of a patient
in a heart failure unit identified those carrying a worse medium-term prognosis. This approach could help the
subsequent management of patients, allowing better clinical and therapeutic strategies.

Introduction
In patients with chronic heart failure, symptoms and signs of
congestion affect quality of life and survival1,2 and are targets
for therapy, because their identification and treatment may
prevent hospitalizations, slow the progression of the disease,
and possibly affect prognosis.3–5 Available data support the
concept that congestion results in hospitalizations more
than low cardiac output.6 However, physical signs often
overlook pulmonary congestion,7 and physicians do not
treat heart failure aggressively enough. Data from the
Chronicle Offers Management to Patients with Advanced
Signs and Symptoms of Heart Failure (COMPASS) trial8

indicate that ambulatory filling pressures are far higher
than clinically suspected, and they begin to increase over
3 weeks before heart failure events. Thus, the challenge is
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to intensify not only acute management (with results that
may be disappointing as demonstrated by the Evaluation
Study of Congestive Heart Failure and Pulmonary Artery
Catheterization Effectiveness [ESCAPE] trial9) but to
improve outpatients surveillance to allow early intervention
and reduce rehospitalizations.10

Natriuretic peptides are secreted from the cardiac
chambers during hemodynamic stress and increased wall
tension, as a result of increased volume and/or pressure
overload; they have been proven useful in the diagnosis
of acute heart failure.11–13 Moreover, recent data14–19

and a meta-analysis20 suggest that its use in outpatient
management may reduce all-cause mortality.

Another tool for detecting pulmonary congestion21–24 and
predict heart failure readmissions25–27 may be the assess-
ment of thoracic conductance by intra- or transthoracic
impedance cardiography. It has been proposed that the
combined use of brain natriuretic peptide (BNP) levels
and transthoracic conductance values may be superior to
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either data alone in detecting abnormal filling pressures and
signs of congestion, both in stable patients and in the acute
setting.23,24,28

In this report, we present our experience on a nonselected
population of outpatients, referred to our congestive heart
failure unit, in whom we obtained BNP levels and thoracic
conductance values at the entry visit. The aim of the study
was to assess if the combined information could identify
high-risk patients and to find target values of BNP and
transthoracic bioimpedance that might be used for therapy
adjustments.

Methods
Between January 2007 and June 2010, 205 consecutive
patients with systolic heart failure seen for the first time
at our congestive heart failure unit were screened. The
study protocol conformed to the ethical guidelines of the
1975 Declaration of Helsinki, as reflected by the approval
by our ethical committee. Informed consent was obtained
from each patient.

The majority of patients (125, 61%) had a recent
hospitalization, and 80 patients (39%) were referred for
advice by their general practitioners for worsening clinical
status. The only exclusion criteria for the study were
the impossibility to obtain simultaneously a meaningful
BNP measurement, a reliable impedance cardiography
recording, and echocardiographic examination of diastolic
function and mitral regurgitation. Therefore, we excluded
patients whose creatinine clearance was below 20 mL/min,
patients whose body mas index was below 20 and above
40, and patients with severe chronic obstructive pulmonary
disease (COPD), pleural or pericardial effusion, prosthetic
mitral valves, and atrial fibrillation. Overall, 63 patients (31%)
could not be included, 20 with isolated severe renal failure,
14 because of a prosthetic mitral valve, and 29 because of a
combination of causes.

When they were first seen in our center at the index
visit, patients underwent clinical examination, electrocar-
diography (ECG), echocardiography, BNP dosage, and
transthoracic bioimpedance. Table 1 shows the clinical char-
acteristics of the population. All patients had systolic heart
failure, mainly of ischemic origin (76%), and 43% already
had an implantable cardioverter-defibrillator (ICD) or car-
diac resynchronization (CRT or CRT-D) device. On the
other hand, medical treatment was not optimized, because
for some of them the diagnosis of heart failure was recent.

Transthoracic Bioimpedance

Transthoracic bioimpedance was performed by the staff
nurse soon after the ECG using commercial equipment
(Niccomo; Medis, Ilmenau, Germany). Four couples of
silver-silver chloride sensors were placed, 2 at the base
of the neck under each ear and 2 on either side of the
chest in the midaxillary line at the level of the xiphoid. A
cable with 8 bioimpedance lead wires was then attached
to the sensor sites. An integrated oscillometric blood
pressure cuff was connected to the patient’s arm. The
recording was performed for 10 minutes, and the average
transthoracic bioimpedance status report was stored for
analysis. Variables evaluated in this study have been

Table 1. Patients’ General Characteristics

Number of patients 142

Age, y 69.4 ± 8.9

Gender (males/females) 94/48

Ischemic/nonischemic cardiomyopathy 76%/24%

NYHA class I 19%

NYHA class II 33%

NYHA class III 40%

NYHA class IV 8%

SBP/DBP (mm Hg) 114 ± 11/70 ± 9

HR (beats/min) 71 ± 10

Treatment

ACE inhibitors or ARB 95%

Aldosterone antagonists 35%

β-Blockers 71%

Diuretics 80%

Nitrates 45%

Digoxin 6%

CRT/CRT + ICD 43%

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin-
receptor blocker; CRT, cardiac resynchronization therapy (CRT); DPB,
diastolic blood pressure; HR, heart rate; ICD, implantable cardioverter-
defibrillator; NYHA, New York Heart Association; SBP, systolic blood
pressure.

described previously.24,28 For the present study dealing with
pulmonary congestion, we took into account only thoracic
conductance (the inverse of impedance measurement as
representative of total fluid volume in the chest [thoracic
fluid content TFC = 1/Z0*1000 = 1/k�]25).

Neuropeptides

Plasma BNP levels were assessed by a point-of care system
based on a fluorescence immunoassay (Triage BNP Test;
Biosite Inc., San Diego, CA18).

Transthoracic Echocardiography

Echocardiography, including Doppler and tissue Doppler
imaging (TDI) analysis, was performed immediately before
the clinical examination, according to recommendations
of the American Society of Echocardiography.29 Left ven-
tricular ejection fraction and estimated systolic pulmonary
artery pressure were calculated routinely. Pulsed Doppler
was used to record transmitral and pulmonary venous flow
in the apical 4-chamber view. Tissue Doppler velocities
were acquired at the septal and lateral annular sites. Mitral
inflow measurements included peak early (E) and peak late
(A) velocities, E/A ratio, and deceleration time of E velocity.
For pulmonary venous flow, measurements included peak
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systolic, diastolic, atrial reversal (Ar) velocities, systolic
filling fraction, and duration of Ar. The early diastolic (E′)
velocity by TDI at the septal and lateral annular sites was
measured; the E/E′ ratio was calculated from the average of
septal and lateral E′, because this approach has been shown
to yield optimum accuracy in patients with regional wall
motion abnormalities.30,31 We present here both E/E′ values
and a multiparametric evaluation of diastolic function (esti-
mated with filling pressures) on a 4-point scale, from normal
(grade 1) to restrictive (grade 4). The severity of mitral
regurgitation was graded semiquantitatively on a 4-point
scale, from minimal (grade 1) to severe (grade 4), using
color-flow Doppler images of the apical 4-chamber view.32,33

Follow-up

When starting this study, we decided to use BNP levels as
an index of congestion and adjust the treatment according to
data available at that time.14,15 Patients were then referred to
their primary care physician, but were seen at the heart fail-
ure unit every 6 months for control and for further treatment
adjustment and clinical tests if needed. The end point con-
sidered was all-cause mortality recorded at each visit. The
average follow-up was 38 months (range, 12–52 months),
and we considered mortality at 1 and 4 years.

Statistical Analysis

Descriptive variables are summarized as mean ± 1 stan-
dard deviation. Correlation among variables was determined
through linear regression with least squares approach; dif-
ferences between patient groups were compared using the
unpaired t test. Variables resulting significantly different
in determining survival at a preliminary univariate analysis
were subsequently analyzed using a multivariate stepwise
regression analysis (Origin version 7.0; MicroCal, Loma
Linda, CA). Cutoff values of variables that differed signifi-
cantly at multivariate analyses were used to build receiver
operating characteristic (ROC) curves for prediction of mor-
tality at 1 and 4 years (MedCalc version 11.6.1; Broekstraat,
Mariakerke, Belgium). Kaplan-Meier survival curves were
built by grouping patients in accordance to the values of
BNP and TFC at the index visit that resulted best predic-
tors of mortality. A P < 0.05 was used to define statistical
significance.

Results
Table 2 describes the population in terms of echocardio-
graphic, humoral, and impedance cardiography data at
their index visit. At baseline, confirming previous evidence
obtained in a more selected population,28 a significant cor-
relation was present between BNP values, TFC, and E/E′
(taken as a numerical index of restrictive filling pattern). Not
surprisingly, also patients with 3rd and 4th degree mitral
regurgitation showed higher BNP levels and TFC values
(data not shown).

Short- and Long-term Mortality

Global mortality in the whole population of 142 patients
was 4.9% at 1 year (7 deaths), and 21.2% at 4 years (30
deaths). Table 3 shows that at univariate analysis, both in

Table 2. Echocardiographic, Humoral, and Impedance Cardiography Data
at the First Visit in All Patients (n = 142)

Echocardiography

Left ventricular EF (%) 30.6 ± 6.1

E/E′ 13.6 ± 6.6

Pulmonary pressure (mm Hg) 40.1 ± 12.9

Left ventricular end-diastolic volume (mL) 188.9 ± 44.7

Restrictive flow pattern 30 (20.4 %)

FMR grade 3 and 4 28 (19.9%)

Renal function—blood tests

eGFR (mL/min) 55.6 ± 6.5

Hemoglobin (g/dL) 13.1 ± 2.9

BNP (pg/mL) 420.5 ± 346.2

Impedance cardiography

TFC (1/k�) 39.2 ± 8.4

Abbreviations: BNP, brain natriuretic peptide; E, peak early; E′, early
diastolic velocity; EF, ejection fraction; eGFR, estimated glomerular
filtration rate; FMR, functional mitral regurgitation; TFC, thoracic fluid
content.

the short-term and in the long-term follow-up, deceased
patients had lower hemoglobin levels, worse renal function,
higher pulmonary pressure, worse diastolic function, more
severe functional mitral regurgitation, and higher BNP
levels and TFC values. However, when multivariate analysis
was performed, the only independent predictors of mortality
in the population study at 1 and 4 years (P < 0.05) were the
degree of mitral regurgitation, BNP levels, and TFC values.

Predictive Value of BNP, TFC, and Mitral Regurgitation

From the analysis of ROC curves, the association of BNP
≥450 pg/mL and TFC ≥40/k� at the index visit was found
to be the strongest indicator of patient death at 1-year follow-
up, with sensitivity 89%, specificity 86%, positive predictive
value 88%, and negative predictive value 92% (Figure 1).
This combination retained its powerful predictive power
also for mortality at 4 years. The addition of moderate and
severe mitral regurgitation to this model and its association
with BNP ≥450 pg/mL or TFC ≥40/k� did not add further
statistical significance; therefore, we did not use it for the
subsequent Kaplan-Meyer analysis.

Survival curves (Kaplan-Meier analysis, Figure 2) were
built keeping in mind 4 subgroups of patients, classified
as follows by the threshold values of BNP of 450 pg/mL
and TFC of 40/k�; group 1, BNP <450 pg/mL and TFC
≤40/k�; group 2, BNP ≥450 pg/mL and TFC <40/k�;
group 3, BNP <450 pg/mL and TFC ≥40/k�; and group 4,
BNP ≥450 pg/mL and TFC ≥40/k�. The worst prognosis,
when compared to each of the other groups of patients, was
found in group 4 (18.9% 1-year mortality, 46.5% 4-year mor-
tality, P < 0.001). Patients presenting with only 1 abnormal
value (either BNP or TFC) had a similar survival probability
(P = 0.21), which was intermediate between the 2 extreme
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Table 3. Echocardiographic, Humoral, and Impedance Cardiography Data at the First Visit According to Short- and Long-term Outcome

1-Year Follow-up 4-Year Follow-up Analysis

Alive Deceased Alive Deceased Univariate Multivariate

Number of patients 135 7 112 30

Age (y) 67.9 ± 9.6 73.0 ± 6.9 69.1 ± 9.0 72.1 ± 6.7

NYHA class 2.50 ± 0.52 2.70 ± 0.75 2.49 ± 0.53 2.74 ± 0.65

Echocardiography

Left ventricular EF (%) 30.9 ± 6.2 28.6 ± 6.7 31.0 ± 5.9 28.6 ± 6.4

E/E′ 13.3 ± 6.7 19.6 ± 6.6 12.7 ± 6.3 17.9 ± 5.9 P < 0.05

Pulmonary pressure (mm Hg) 40.1 ± 12.1 49.4 ± 14.0 37.2 ± 11.7 46.5 ± 13.7 P < 0.05

Left ventricular end-diastolic volume (mL) 186.8 ± 44.1 182.9 ± 65.6 186.8 ± 44.1 182.9 ± 65.6

Restrictive flow pattern 26 (19.3%) 4 (57.1%) 16 (14.3%) 14 (46.6%) P < 0.05

FMR grade 3 and 4 23 (17.7%) 5 (71.4%) 13 (11.6%) 15 (50.0%) P < 0.05 P < 0.05

Renal function—blood tests

eGFR (mL/min) 58.3 ± 5.5 53.9 ± 7.7 58.1 ± 6.3 52.5 ± 9.4 P < 0.05

Hemoglobin (g/dL) 13.8 ± 2.1 12.9 ± 2.3 13.7 ± 1.9 12.3 ± 2.2 P < 0.05

BNP (pg/mL) 349.5 ± 234.1 923.5 ± 397.3 324.2 ± 211.0 837.4 ± 368.7 P < 0.05 P < 0.05

Impedance cardiography

TFC (1/k�) 38.0 ± 7.5 50.7 ± 8.2 37.2 ± 7.1 49.6 ± 7.4 P < 0.05 P < 0.05

Abbreviations: BNP, brain natriuretic peptide; E, peak early; E′, early diastolic velocity; EF, ejection fraction; FMR, functional mitral regurgitation; eGFR,
estimated glomerular filtration rate; NYHA, New York Heart Association; TFC, thoracic fluid content.

Figure 1. Receiver operating characteristic curve showing the predictive
value for 1-year mortality of the association of brain natriuretic peptide
(BNP) ≥450 pg/mL and thoracic fluid content (TFC) ≥40/k�.
Abbreviations: AUC, area under the curve.

groups (P < 0.001). Of note, no deaths were observed at
1 year in the group with BNP <450 pg/mL and TFC <40/k�

(group 1), and 4-year mortality in this group was 2.1%.

Figure 2. Kaplan-Meier survival curves in patients divided into 4 groups
according to brain natriuretic peptide (BNP) and thoracic fluid content
(TFC) values at index visit. Group 1 = BNP < 450 pg/mL and TFC ≤ 40/
k�; group 2 = BNP ≥ 450 pg/mL and TFC < 40/k�; group 3 = BNP
< 450 pg/mL and TFC ≥ 40/k�; group 4 = BNP ≥ 450 pg/mL and
TFC ≥ 40/k�. Comparisons were as follow: groups 2 and 3 vs group 1,
P = 0.0028; group 2 and 3 vs group 4, P = 0.0136; group 1 vs group 4,
P < 0.0001.

Discussion
We started this investigation because due to the increasing
number of patients with chronic heart failure in need
of periodic clinical evaluation, the adequacy of such

106 Clin. Cardiol. 36, 2, 103–109 (2013)
G. Malfatto et al: Bioimpedance and BNP in chronic heart failure
Published online in Wiley Online Library (wileyonlinelibrary.com)
DOI:10.1002/clc.22086  2013 Wiley Periodicals, Inc.



evaluation must be improved to optimize the overall
management of their disease.1 Clinical evaluation alone,
as offered by standard outpatient visits may not identify
early signs of hemodynamic congestion, and symptoms are
often not specific.7 Thus, an operator-independent, easily
accessible, inexpensive assessment of the hemodynamic
status would be helpful in confirming or modifying the
clinical impression.

Echocardiographic examination such as the examination
we performed for research purposes may provide a com-
prehensive noninvasive evaluation of hemodynamic status.
However, echocardiography requires time, expensive equip-
ment, and skilled operators; at least in our country this test is
unattainable during a routine outpatient visit. Interestingly,
in our unselected population, diastolic flow pattern and E/E′,
despite their relationship with BNP levels and TFC values
and their predictive value at univariate analysis, were not
related to mortality. When the number of observations is
small, multivariate analysis may sometimes overlook differ-
ences identified by larger studies. However, it must be noted
that many patients of this study had large spherical left ven-
tricles and carried ventricular resynchronization devices;
thus, mitral annulus motion could have been reduced inde-
pendently from an increase in filling pressure.34 Moreover,
a qualitative assessment of the severity of mitral regurgita-
tion predicted a poor outcome without additive predictive
power of BNP levels and TFC values.

Determination of BNP levels may represent a valuable
tool in the outpatient clinic. Its use for differential diagnosis
of acute dyspnea is already documented.12,13 In recent years,
BNP- or N-terminal proBNP (NT-proBNP)-guided therapy
in chronic heart failure outpatients have been compared
with usual care in a number of studies and in 1 meta-
analysis,14–20 the composite end points being mortality
and hospitalizations. Most studies14–18 showed reduction
in the composite end point, sometimes only in younger
patients.17,18 The improvement in prognosis was usually
attributed to the achievement of better therapy titration.20

One study did not show favorable results.35 It remains
to be defined whether any difference exists between the
use of NT-proBNP (more stable over time and possibly
accumulating with more severe renal impairment), and BNP
(whose level are less dependent on renal clearance and thus
may better show impending congestion). As stated in the
Methods section, treatment for all patients in our center was
BNP-guided, so that our purpose was merely a search for a
prognostic cutoff value of BNP in the outpatient setting.

Transthoracic bioimpedance does not have the same
widespread use of natriuretic peptides, albeit being a nonin-
vasive, rather inexpensive and simple technique that does
not require interpretative skills. The working hypothesis
behind the use of transthoracic bioimpedance, despite some
controversial evidence36 is that when comparing surface and
invasive measurements simultaneously, a significant corre-
lation is found between thoracic conductance and pulmonary
wedge pressure.22,24 In fact, thoracic conductance has
proven useful in detecting high-risk heart failure patients25

and in identifying severe diastolic dysfunction.28 Moreover,
the continuous monitoring of intrathoracic impedance with
an internal system included in most of the newest ventric-
ular resynchronization devices (CRT or CRT-D) may show

impedance changes before the appearance of symptoms and
signs of heart failure linked to congestion.26,27

The interest in the combined use of BNP determination
and impedance cardiography for prognostic stratification
of patients is growing. In subjects undergoing a screening
echocardiogram (of whom only 25% had heart failure), BNP
levels and systolic time ratio index at impedance cardiog-
raphy (a marker of inotropism) predicted subsequent heart
failure events, whereas TFC did not.37 This is not surpris-
ing. In a population where most patients are unaffected at
the index visit, the first occurrence of heart failure would
depend on reduced inotropism, whereas late complications
in longer-lasting disease, such as in our study patients,
would be related to congestion.1–3 In patients discharged
after an episode of acute heart failure, TFC and BNP were
univariate predictors of the outcome, but in multivariate Cox
regression analysis, only BNP was independently associated
with prognosis.38 In this study, about 25% of patients had
heart failure with preserved systolic function, a population
not considered in the present report.

In our study, BNP level determination and thoracic
conductance evaluation performed at the entry visit
identified patients who, despite being subsequently treated
by the same medical team following international guidelines,
had higher mortality at follow-up. In this population,
not taking into account the information obtained by
echocardiography, which as described above had minor
additive prognostic relevance, we could classify patients into
classes of increasing mortality risk. In retrospect, patients
in these classes of risk could have been handled differently.
Low-risk patients could have been managed by their general
practitioner with the help of a telemonitoring and /or
telecare system and with yearly referrals to the heart failure
unit, whereas high-risk patients should have been followed
almost exclusively by a specialized heart failure team. Due
to the wide availability of a local telecare system, our current
disease management approach is shifting toward this model,
which increased the number of patients that can be followed
by our unit.

Limitations of the Study

We only analyzed patients with systolic dysfunction,
therefore our results cannot be extended to patients with
preserved systolic function who may have different risk
profile.39 We chose to exclude patients with preserved
systolic function from data analysis because they were
very few. In earlier years (2007 and 2008), possibly due
to a referral bias, they were not being sent to the
heart failure unit, and only after 2009 did their numbers
increase to about 20% of all patients. Moreover, about
one-fourth of eligible patients were not studied because of
the impossibility of simultaneously obtaining a meaningful
BNP measurement, a reliable impedance cardiography
recording, and echocardiographic examination of diastolic
function and mitral regurgitation (see Methods). In so doing,
we excluded patients with more severe prognoses, such
as patients with advanced renal failure, obesity, or severe
COPD, which would explain the low mortality in the study
population. In fact, in the excluded patients, at least 1 of
the 3 methods of evaluation could have been applied (BNP
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assessment, impedance cardiography, echocardiography).
The availability of a multiparametric approach to patients
with heart failure in search of signs of congestion is therefore
a key issue. To this end, a further help might come from
the use of pulmonary echography for the detection of
pulmonary tails, a method that has been thus far used
in the acute setting in the differential diagnosis of acute
dyspnea.40

Conclusion
In the setting of an outpatient heart failure unit,
the combined use of clinical evaluation, transthoracic
bioimpedance, and BNP assessment, even without the help
of echocardiography, hinted to the presence of thoracic
congestion and allowed a clear prognostic stratification. The
reliability of this preliminary stratification for the subsequent
disease management of the increasing population of chronic
heart failure patients should be tested in multicenter
prospective studies.
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