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Background: Increase in adrenomedullin (ADM) plasma levels in congestive heart failure (HF) patients
is due to many cardiac and systemic factors, particularly to greater fluid retention and to activation of
sympathetic nervous system. Aim of this study was to assess the role of plasma ADM levels in HF patients
treated by cardiac resynchronization therapy (CRT).

Methods: 50 patients, mean age 70 years, 34 male, New York Heart Association (NYHA) Class III–IV
HF, left ventricular ejection fraction (LVEF) < 35%, underwent CRT. All patients were in sinus rhythm
and with complete left bundle branch block (QRS duration 138 ± 6 msec). A complete echoDoppler
exam, blood samples for brain natriuretic peptide (BNP), and ADM were obtained from 2 to 7 days before
implantation.

Results: At 16 ± 6 months follow-up, ≥1 NYHA Class improvement was observed in 38 patients. How-
ever, a >10% reduction in end-systolic dimensions (ESD) was reported in 21 patients (Group I): −16.6 ±
1.8%; in the remaining 29 patients ESD change was almost negligible: −2.0 ± 1.03% (Group II), P < 0.0001.
The two groups were comparable for age, sex, cause of LV dysfunction, therapy, QRS duration at baseline,
preimplantation ESD, LVEF%, and BNP. Significantly higher pre implantation ADM levels were present
in Group I than in Group II (27.2 ± 1.8 pmol/l vs 17.9 ± 1.4, P = 0.0003).

Conclusions: Significantly higher ADM levels indicate a subgroup of patients in whom reverse remodel-
ing can be observed after CRT. Patients with lower ADM basal values before CRT could represent a group in
whom the dysfunction is so advanced that no improvement can be expected. (PACE 2010; 33:865–872)

adrenomedullin, natriuretic peptides, cardiac resynchronization therapy, heart failure

Introduction
Heart failure (HF) remains one of the most

common, costly, disabling, and deadly medical
conditions despite great improvements in diagnos-
tic techniques and treatment.1

In this complex clinical syndrome, structural
and hemodynamic abnormalities are accompa-
nied by a series of hormonal alterations of sys-
temic, renal, and neurological origin.2,3 Activa-
tion of neurohormones such as catecholamines,
natriuretic peptides, and renin-angiotensin sys-
tem, and inflammatory cytokines has both patho-
physiological and prognostic implications.2–7 In
the last years, much attention has been paid to
nonpharmacological treatments of HF; in this re-
spect, cardiac resynchronization therapy (CRT)
based on correction of electro-mechanical dyssyn-
chrony by biventricular pacing in patients with
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severe chronic HF and ventricular conduction dis-
turbances has been developed. This treatment has
been shown to improve symptoms and exercise
capacity, to reduce ventricular tachyarrhythmias
and rate of hospitalization for worsening HF, as
well as to improve survival.8–12

However, even today, up to 30% of patients
do not respond either clinically or functionally to
CRT, despite selection for implantation based on
current guidelines.13

The effects of CRT on specific neurohor-
mones, as norepinephrine, brain natriuretic pep-
tide (BNP), N-terminal pro-BNP, and atrial natri-
uretic peptide (ANP) are well documented.14–17 In
particular, several studies suggest that plasma con-
centration of natriuretic peptides may represent a
useful parameter for evaluation and monitoring of
patients undergoing CRT; however, conflicting re-
sults on the role of the single peptides have been
published.14–23

Recent studies report that adrenomedullin
(ADM), another member of the natriuretic pep-
tides family, may play an important role in the
pathophysiology of chronic HF24,25; it is believed
to have potent endogenous natriuretic and vasodi-
lating actions, increasing cardiac output and regu-
lating local and systemic vascular tone.26–29
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ADM could function as an atrial natriuretic
peptide in the control of cardiorenal homeostasis
thus influencing cardiovascular function.24

In animal experiments, chronic ADM admin-
istration attenuates the progression of cardiac dys-
function and improves the prognosis in rats devel-
oping HF.25,28

The aim of this study was to assess the possi-
ble role of ADM as predictor of response to CRT in
chronic HF patients undergoing CRT for clinical
reasons.

Materials and Methods
Patient Population

The study enrolled 50 consecutive patients
(34 male, mean age 70 years, range 52 to 85 years)
treated with resynchronization therapy for clinical
reasons. Before device implantation, 46 patients
were in New York Heart Association (NYHA) Class
III and four in NYHA Class IV. Underlying cause
of cardiac dysfunction was post ischemic car-
diomyopathy in 29 patients, idiopathic dilated
cardiomyopathy in 21. At surface ECG, QRS du-
ration was 138 ± 6 msec (range 120 to 200 msec)
with a left bundle branch block pattern. All pa-
tients were in optimal medical therapy for HF in-
cluding angiotensin-converting enzyme inhibitors
or angiotensin-II receptor blockers, beta blockers,
furosemide, and spironolactone or potassium can-
reonate, if not contraindicated. Exclusion criteria
were represented by acute coronary syndrome or
acute inflammation (within 6 months), significant
peripheral occlusive artery disease, neoplastic dis-
ease, and renal failure (serum creatinine value
above 1.5 mg/dl). Thirty subjects of comparable
age and sex with no history of cardiovascular dis-
ease, normal regional and global left ventricular
function assessed by two dimensional echocardio-
graphy, and under no medical treatment were eval-
uated as control group. A group of 40 HF patients,
36 in NYHA Class III and four in NYHA Class IV,
under optimal medical treatment and not undergo-
ing CRT, was also studied. Patients were matched
with those undergoing CRT for NYHA class and
age (using quinquennial age classes) and, when-
ever possible, cause of dysfunction.

Study Protocol

At time of the study patients were in stable
clinical conditions under oral therapy. All patients
underwent blood samples, clinical and echocar-
diographic examination from 2 to 7 days before
implantation.

Patients returned for clinical, functional, and
pace-maker follow-up on average every 6 months
after implantation; clinical and echocardiographic
data collected at a mean of 16 ± 6 months after

CRT (FU) were considered for the present analy-
sis. HF patients were also periodically followed in
our out-patient laboratory. Clinical and echocar-
diographic data obtained at 13 ± 4 months (FU)
after stable beta-blockers and ACE-inhibitors or
angiotensin receptor blockers dosages were con-
sidered for analysis. Three months after FU, pa-
tients or strict relatives were interviewed to obtain
information on mortality and hospitalization.

The investigation conforms with the princi-
ples outlined in the Declaration of Helsinki.30 The
study was approved by the local Ethical Commit-
tee and all patients provided signed informed con-
sent before entering in the study.

Plasma Samples

Blood samples (8–10 mL) were put into ice-
chilled disposable polypropylene tubes contain-
ing aprotinin, 500 KIU/mL, and EDTA, 1 mg/mL.
Plasma samples were rapidly separated by cen-
trifugation for 15 min at 4◦C and then stored frozen
at −20◦C in aliquots.

Assay Method

Plasma ADM was measured with a radio-
immunoassay (RIA) method (Human Adreno-
medullin 1–52, Phoenix Pharmaceuticals,
Belmount, CA, USA), with some modifica-
tions, after sample extraction, as reported in a
previous work.31

Plasma BNP was measured by an IRMA
method (Shionoria BNP, Shionogi & Co. Ltd, Os-
aka, Japan), which does not require a preliminary
step of extraction or purification of plasma sam-
ples. This method has been previously reported in
detail in literature.32,33

Echocardiographic Examination

Patients underwent a complete echocardio-
graphic and Doppler examination at baseline
and at follow-up using commercially available
instruments (Acuson Sequoia, Acuson Corpora-
tion, Mountain View, Ca, USA, and Vivid sys-
tem 7, GE/Vingmed, Milwakee, WI, USA). Si-
multaneously a lead II surface electrocardiogram
was recorded. Left ventricular (LV) end-diastolic
(EDD), and end-systolic (ESD) dimensions were
obtained from the parasternal long axis view; left
ventricular (LV) volumes and derived ejection
fraction (LVEF) were calculated from apical four-
chamber and two-chamber view by the biplane
summation method.34

Statistical Analysis

All the sample concentrations and other
data for quality control of the RIA system were
calculated by a previously described computer
program; the interpolation of the dose–response
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curves was computed using a four-parameter
logistic function.35 The unpaired Student’s t-test
was used to compare the results of the indepen-
dent groups studied. The results are expressed as
mean ± standard error of the mean.

Results
All patients completed the protocol. In all

50 CRT patients baseline ADM and BNP lev-
els were significantly higher than controls: ADM:
21.8 ± 1.3 versus 13.3 ± 0.7 pmol/L, P < 0.0001;
BNP: 572.3 ± 55.9 versus 12.8 ± 1.9 pg/mL, P <
0.0001.

In the 40 HF patients, ADM baseline values
were comparable to the CRT patients: (23.5 ± 1.6,
vs 21.8 ± 1.3 pmol/L-NS).

In CRT patients, no differences were observed
between coronary artery disease and dilated car-
diomyopathy (n. 29 and n. 21, respectively) as far
as ADM values: 23.7 ± 2.1 versus 21.3 ± 1.6,
pmol/L and BNP values: 634.7 ± 125.1 versus
548.9 ± 58.2 pg/mL, NS.

At 16 ± 6 months FU, in patients treated
with CRT, a NYHA Class improvement ≥1 was
observed in 38/50 patients; in the remaining popu-
lation NYHA Class was unchanged. No significant
differences in baseline ADM, BNP, EDD, ESD, and
LVEF could be found in the two groups.

At FU, the 38 patients which improved in
NYHA Class showed changes in EDD (−4.5 ±
1.3%), ESD (−10.8 ± 1.5%), and LVEF (+24.7 ±
3.9%) while no significant changes of the same
parameters could be observed in patients without
clinical improvement.

LV inverse remodeling, as a >10% reduction
in ESD at two-dimensional echocardiography, in-
dependent of clinical improvement at FU, was ob-
served in 21/50 patients (Group I): −16.36 ± 1.8%
while in the remaining 29 patients (Group II) ESD
changes were almost negligible: −2 ± 1.03% (P <
0.0001).

The two groups of CRT patients and the HF
group treated with medical therapy only were
comparable for age, sex, cause of LV dysfunction,
ongoing therapy, and LVEF% (Table I).

As far as neurohormonal assessment, BNP
was comparable in basal conditions in the two
groups of patients under resynchronization ther-
apy (476 ± 73 vs 640 ± 79 pg/mL, NS); signif-
icantly higher preimplantation ADM levels were
present in Group I than in Group II (27.2 ± 1.8 vs
17.9 ± 1.4 pmol/L, P = 0.0003) (Fig. 1).

In Table IIa and IIb individual CRT patient
data relative to Group I (21 patients) and Group II
(29 patients), respectively, are reported.

None of the CRT patients died during the
FU; 9/50 patients were hospitalized for worsening
heart failure, two in Group I and seven in Group II.
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Figure 1. Adrenomedullin and BNP plasma levels in
controls and in patients with >10% decrease in ESD
(Group I) and in those with negligible changes in ESD at
FU (Group II).

Lower ADM values were observed at baseline
in those patients who had major cardiovascular
events at FU: 16.5 ± 1.9 vs 27.3 ± 1.6 pmol/L, P <
0.0001) while the same patients showed higher—
although not significant—baseline BNP plasma
levels (736.11 ± 161.7 vs 529.9 ± 56.9 pg/mL, NS).

In HF patients under conventional treatment,
higher ADM levels were observed in the 13 pa-
tients who showed a >10% reduction in ESD at a
13 ± 4 months FU compared to those who did not
show any change (28.8 ± 2.6 vs 20.5 ± 1.8 pmol/L,
P = 0.02).

Of these patients under conventional treat-
ment, mortality was reported in two (both with
<10% reduction in ESD at FU) and hospitaliza-
tion for worsening heart failure in 12 patients (10
with <10% reduction in ESD). ADM levels re-
sulted lower in patients with major events at FU
(15.6 ± 1.8 vs 27.3 ± 1.6 pmol/L, P < 0.0001).

Discussion
This study shows that in patients undergoing

CRT higher ADM levels may represent an index of
positive LV remodeling at FU. To our knowledge,

this is the first time that this peptide is assessed as
a predictor of LV inverse remodeling in patients
treated with biventricular stimulation.

A series of trials have demonstrated that CRT
is able to improve symptoms and functional capac-
ity and to reduce hospitalizations for worsening
HF.12,36–40 These favorable effects are associated
with reduction of LV volumes and reduction of
mitral regurgitation; more importantly, a burden
of evidence suggests that CRT can reverse the pro-
gression of HF in terms of reverse remodeling of
the left ventricle.11,41–43

Several studies have reported a decrease in na-
triuretic peptide levels among responders to CRT
and percentage change in plasma BNP levels from
baseline to variable FU has been considered as a
strong predictor of long-term response to CRT and
positive outcome.16,21,44

It was also demonstrated that patients with
an improvement in clinical status showed a re-
duction in ANP plasma concentrations after CRT,
suggesting the usefulness of natriuretic peptides
as an objective and quantitative marker to evalu-
ate response to CRT.16

In our population no statistically significant
differences between responders and non respon-
ders to CRT could be observed for BNP although
BNP baseline values were lower in the respon-
der group. Until now, the potential role of preim-
plantation BNP to predict outcome in patients un-
dergoing CRT is not clear. In fact, some studies
have shown that patients with high BNP levels be-
fore implantation have a worse prognosis at FU19

while other AA have shown that high BNP lev-
els before CRT identify patients with better re-
sponse to device implantation and improvement
in LVEF.18 In terms of LV remodeling, lower BNP
values seem to predict significant LV reverse re-
modeling.22 A possible explanation of these vari-
able results may be related to the fact that BNP
is secreted by the ventricles in response to end-
diastolic pressure and volume and can reflect the
actual hemodynamic status of the patient.

As far as NT-proBNP, the CARE-HF sub-
study showed that it was the best baseline pre-
dictor of outcome,41 bettered only by NT-proBNP
measured 3 months after randomization, but nei-
ther value predicted the long-term response to
CRT.44,45 Moreover, the absolute improvement in
prognosis with CRT was similar in patients with
values above and below the median NT-proBNP;
on the other hand, patients who have extreme ele-
vations of NT-proBNP have a poor prognosis, sug-
gesting that the disease is too advanced to improve
after CRT.20, 45

To our knowledge, the role of ADM in patients
undergoing CRT for clinical reasons has not been
elucidated so far.
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Table IIa.

Individual Data of 21 Patients Who Showed a >10% Reduction in ESD at Baseline (Pre) and at FU (Post)

Age ADM, NYHA EDD ESD LVEF
Name (Years) pmol/L Pre/Post Pre/Post Pre/Post Pre/Post

GD 79 22.0 III/II 65/56 52/48 32/33
GC 76 22.0 III/II 73/62 65/49 21/32
LG 76 19.0 III/II 65/63 56/50 25/30
MG 66 43.0 III/II 68/67 58/42 31/48
MA 62 40.0 III/II 64/64 52/44 34/43
MB 72 23.2 III/II 74/69 71/56 25/32
CS 71 34.0 IV/III 73/69 63/54 26/30
AE 75 40.4 III/II 65/63 58/52 25/33
PE 69 30.0 III/II 70/74 64/58 28/30
BG 78 34.0 III/II 57/55 48/42 25/35
ZA 58 27.0 III/II 70/70 64/58 20/27
GC 66 22.0 III/II 82/83 78/68 20/26
RA 68 24.8 III/II 65/55 56/42 20/24
RD 61 22.0 III/II 66/49 54/30 28/60
MG 72 27.0 III/II 78/63 70/53 20/33
DG 72 21.0 III/II 68/66 64/56 31/30
GA 67 14.0 III/II 73/68 60/54 27/32
SG 72 23.0 III/II 78/81 74/66 21/25
CC 81 40.0 III/II 68/66 57/50 30/35
VA 71 22.0 III/III 72/65 60/50 27/33
RG 67 23.2 III/II 63/66 51/45 20/27

ADM = adrenomedullin measured in basal conditions; EDD = end diastolic dimensions; ESD = end systolic dimensions; LVEF = LV
ejection fraction.

ADM, in contrast to other natriuretic peptides,
has a multi-tissue origin but being that its produc-
tion is enhanced by mechanical stretching, it may
reflect progressive cardiac impairment.28,46

Specifically, in the early phase of acute my-
ocardial infarction, plasma ADM concentrations
correlate closely with the severity of heart failure47

and may offer important prognostic information
regarding the risk of mortality also in chronic is-
chemic dysfunction.46

Other data suggest that plasma ADM is related
to indices of LV contractility as the noninvasively
derived dP/dt31 also in patients with non ischemic
cardiomyopathy can be considered as an indepen-
dent predictor of the deterioration of left ventricu-
lar systolic function.48 In this study both CRT pa-
tients and HF patients of comparable NYHA Class
showed significantly higher ADM values than the
control group of subjects with normal LV function.

In the subset of patients undergoing CRT stud-
ied in the present work, ADM values may reflect
a situation of increased neurohumoral activation
which could be important for the improvement in
LV function at FU. In other words, patients who
show at baseline low levels of this peptide could

represent a group in whom the dysfunction is so
advanced that no improvement, in particular in
terms of reverse remodeling, can be expected de-
spite CRT.

Similarly, also in the group of 40 HF patients
under conventional drug therapy, the—although
small—group who showed reduction in ESD was
the one with higher baseline ADM levels.

Moreover, when outcome is considered, both
CRT and HF patients under conventional treat-
ment who show major events at FU present lower
baseline ADM levels.

It is interesting to note that in the patients
studied, 38 showed NYHA Class improvement
while ESD reduction was found in 21 patients
only. This result is not surprising; other reports
have shown that after CRT, improvement in NYHA
class without reductions in LV end-systolic vol-
ume may occur and this observation can be ex-
plained by the presence of a placebo effect after
the procedure.36,49

Limitations of the Study
The main limit of this observational work

is represented by the small number of patients
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Table IIb.

Individual Data of 29 Patients Who Showed a <10% Reduction in ESD at Baseline (Pre) and at FU (Post)

Age ADM, NYHA EDD ESD LVEF
Name (Years) pmol/L Pre/Post Pre/Post Pre/Post Pre/Post

BA 78 18.0 III/III 68/70 52/51 18/17
LR 68 24.0 III/III 61/63 48/52 26/26
AF 79 12.0 III/III 61/64 54/54 28/27
GF 62 15.9 III/III 67/69 52/53 32/32
DM 67 16.2 III/III 64/59 49/48 30/38
RM 70 9.0 III/III 84/88 80/78 25/20
MM 52 17.5 III/III 76/80 71/75 25/10
CA 55 20.0 III/III 72/74 64/68 15/16
MA 72 22.6 IV/IV 79/83 68/72 20/17
LS 58 9.0 III/III 59/56 54/48 16/22
CS 75 20.0 III/III 77/80 70/74 18/15
SM 68 32.0 III/III 70/71 55/49 32/35
BF 62 18.0 III/I 62/60 57/52 24/34
MG 77 14.0 III/II 72/68 62/58 25/30
SL 74 12.0 III/I 60/57 52/50 30/31
ML 74 16.0 III/I 62/58 50/47 25/33
PG 61 12.0 IV/III 63/73 66/63 25/27
PC 79 23.4 III/II 65/71 60/63 21/18
RB 69 19.0 III/II 68/68 56/59 32/28
SA 71 19.0 III/II 63/57 50/50 30/31
CA 77 16.0 III/II 58/54 42/40 34/38
FR 71 22.3 III/II 72/68 65/60 30/36
BA 82 20.0 IV/II 78/80 69/63 20/24
DG 79 20.0 III/II 68/61 52/49 35/36
GD 75 12.0 III/II 71/69 60/57 25/31
DR 68 23.2 III/I 60/58 50/48 32/37
CR 65 8.0 III/I 67/68 57/58 28/30
LM 85 24.0 III/II 61/50 48/44 18/30
LS 78 24.0 III/II 62/59 50/47 28/40

ADM = adrenomedullin measured in basal conditions; EDD = end-diastolic dimensions; ESD = end-systolic dimensions; LVEF = LV
ejection fraction.

studied; therefore, since no other data are avail-
able in literature on CRT patients, more exten-
sive studies are needed to confirm our observa-
tions. We cannot provide clinically valuable data
on the changes of ADM during FU due to the
limited number of patients enrolled; changes in
NYHA Class which were documented in our pop-
ulation after CRT could by itself be related to
changes in ADM levels. Also, in the HF group
only a minority of patients had plasma levels as-
say for ADM at FU. Therefore, prospective, multi-
center studies may be specifically tailored for this
purpose.

Conclusions
Until present, we should be considerate in as-

serting whether or not a patient may respond to
CRT; sticking to the guidelines when selecting pa-
tients for CRT is still highly recommended.

However, despite the small group of patients
enrolled in this study, the assessment of baseline
ADM may provide a better definition of patients
who could show significant LV reverse remodeling
after CRT.
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