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Chromogranin A in heart failure
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Introduction

Chronic heart failure is a complex syndrome character-
ized by neuroendocrine activation: catecholamines,
natriuretic peptides and components of the renin–
angiotensin system all increase in chronic heart failure
and for a long time have been identified to have patho-
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physiological and prognostic implications[1–4]. In more
recent years, a series of peptide signalling systems has
been characterized, which includes endothelins[5,6],
neuropeptide Y[7], adrenomedullin[8], cytokines[9], and
others. Several of these molecules have mainly local,
paracrine activities, but their blood levels were proved to
be a marker of clinical outcome[6,10].

Chromogranin-A (CgA) is a 49 kDa, acid, Ca2+ bind-
ing protein originally discovered in the chromaffin gran-
ules of the adrenal medulla[11]: it is also present in the
secretory granules of several endocrine and neuroendo-
crine cells and is secreted into the lymph with the
co-resident hormone[12–14]. It has been reported that
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chronic heart failure and the increase is related to the
clinical severity of the syndrome: CgA levels in New York
Heart Failure (NYHA) class II (median 146·9 ng . ml�1,
inter-quartiles 108·3–265·5) were significantly higher
(P<0·05) than in class I (median 109·7 ng . ml�1, inter-
quartiles 96·7–137·6), and significantly lower (P<0·05) than
in class III (median 279·0 ng . ml�1, inter-quartiles 203·6–
516·1). Class IV patients showed the highest serum levels of
CgA (median 545·0 ng . ml�1, inter-quartiles 231·8–
1068·3), being statistically significantly different from class
III patients (P<0·001). The association between survival
and some recognized variables of prognostic significance,
including CgA was also studied. The results showed that
ejection fraction, noradrenaline, atrial natriuretic peptide,
NYHA class and CgA were significant univariate prognos-
ticators; however, in the multivariate analysis by the Cox
proportional-hazard model, CgA and NYHA class were the
only independent predictive factors for mortality (P<0·005,
RR=1·22, 95% CI=1·06–1·41 and P=0·04, RR=1·58, 95%
CI=1·02–2·46, respectively).
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mortality.
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serum concentration of CgA increases after cardiac
arrest, strenuous exercise and hypoglycaemia[15–17]. CgA
increase has been proposed as a diagnostic marker of
several neuroendocrine tumours, such as pheochromo-
cytoma, parathyroid adenoma, carcinoid, pancreatic
islet-cell and aortic body tumours[18–20]. Although there
are no experimental data on CgA in chronic heart
failure, based on the observation that CgA is widely
distributed in the neuroendocrine system and is co-
secreted with hormones such as catecholamines and
natriuretic peptides[12–14], we tested the hypotheses that,
in patients with chronic heart failure, serum CgA
is increased and its levels are a predictive factor for
mortality.
Methods

One-hundred and sixty consecutive elective patients with
chronic heart failure, who were managed in a common
programme for assessment and treatment at the
Fondazione Salvatore Maugeri, Medical Centres of
Gussago and Montescano, Italy, were evaluated
between 1993 and 1997. Ethical approval was requested
and obtained by the participating Institutions. Patients
hospitalized for a possible cardiac transplant were also
enrolled. Table 1 reports the clinical characteristics of
the patients by New York Heart Association (NYHA)
class. Mean age of the chronic heart failure population
was 56�10 years, males being predominant (83·1%).
The most frequent aetiology was coronary artery disease
(61·9%), followed by idiopathic dilated cardiomyopathy
Eur Heart J, Vol. 23, issue 12, June 2002
(25·6%) and valvular disease (6·3%). Up to 94% of the
patients were taking diuretics, 80·6% ACE-inhibitors,
72% digitalis and 63·2% nitrates. Only 13·2% were on
beta-blockers, while no patients were treated with intra-
venous inotropic agents or with mechanical–support
assistance. Left ventricular volumes and ejection frac-
tion were calculated by conventional two-dimensional
echocardiography using a standard area–length algor-
ithm for end-diastolic and end-systolic volume
determination[21]. The studied population resembles the
population of chronic heart failure patients followed by
Hospital Cardiological Units in Italy[22], in terms of
clinical characteristics and therapeutic regimens (includ-
ing the use of ACE-inhibitors and beta-blockers). Serum
CgA was also measured in 103 healthy subjects, age- and
sex-matched with patients constituting the normal con-
trol group: none of them was admitted to hospital, nor
had acute or chronic illness, or reported any symptoms
related to the cardiovascular system.
Table 1 Clinical characteristics of patients with chronic heart failure by NYHA
class

All NYHA I NYHA II NYHA III NYHA IV

Number of patients 160 9 63 57 31
Age, years 56�10 62�8 56�12 58�7 54�12
Male gender % 83·1 77·8 90·5 82·5 74·2

Therapy %
ACE-inhibitors 80·6 87·5 83·3 85·5 63·0
Diuretics 94·4 88·9 90·1 94·6 100
Digitalis 72·0 66·7 68·5 67·3 92·6
Nitrates 63·2 11·1 61·1 74·5 59·3
Beta-blockers 13·2 — 14·8 16·4 7·4
Aetiology %
CAD 61·9 77·8 55·6 70·2 54·8
DCM 25·6 11·1 34·9 19·3 22·6
VHD 6·3 — — 7·0 19·4
IHD 0·6 — 9·5 1·8 —
Uncertain 5·6 11·1 — 1·8 3·2

LVESV, ml 136�56 166�65 160�87 244�103
EF, % 32�7 23�8 24�9 19�9
CHF-D, months — — 43�25 39�25 65�51
PVO2 ml . kg�1 min�1 — 16�5 11�4 —

NYHA=New York Heart Association; CAD=coronary artery disease; DCM=dilated cardiomy-
opathy; VHD=valvular heart disease; IHD=hypertensive heart disease; LVESV=left ventricle
end-systolic volume; EF=ejection fraction; CHF-D=duration of heart failure; PVO2=peak oxygen
consumption. Data on CHF-D and PVO2 are available only for a limited number of patients:
CHF-D, n=99; PVO2, n=79. Values are expressed as mean�SD.
Neurohormonal measurements
The techniques used for the assays are described in
previous papers[9,23–25]. In summary, venous blood was
sampled after 30 min supine rest, centrifuged within
1 h, and stored at �80 �C until the assay. Plasma
noradrenaline and adrenaline levels were measured by
high-performance liquid chromatography with electro-
chemical detection. Levels of plasma renin activity,
aldosterone and atrial natriuretic peptide were measured
by radioimmunoassay.
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CgA measurement

CgA has a measurable plasma half-life of 18·4 min[18,26],
fitting a two-compartment model, with a rapid half-life
of 16 min followed by a longer half-life of 520 min. The
model shows a compartment ratio of 23·8: 1 (extra-
vascular/intra-vascular), thus suggesting circulating CgA
binds to tissues[27]. CgA is highly stable in both plasma
and serum even after repeated freeze/thaw cycles and
prolonged incubations at 37 �C[28]. A sandwich ELISA
based on an antiCgA monoclonal antibody (B4E11) and
a rabbit-polyclonal antiCgA antiserum were developed
for CgA assay. Monoclonal antibody (mAb) B4E11 is a
mouse IgG1 that recognizes an epitope of CgA corre-
sponding to residues 68–79 of human CgA[29]. Polyvinyl-
chloride microtitre plates (Becton Dickinson & Co.,
Oxnard CA 93030) were incubated with 10 �g . ml�1

B4E11 in phosphate buffer solution (100 �l . well�1,
overnight at 4 �C).

After washing with phosphate buffer solution, the
plates were incubated for 2 h at r.t. with 3% bovine
serum albumin (bovine serum albumin, Fraction V) in
phosphate buffer solution (200 �l . well�1) and washed
again with phosphate buffer solution. Serum samples
were diluted 1:5 or more with phosphate buffer solution
containing 0·5% bovine serum albumin, 2·5% normal
goat serum, 0·05% polyoxyethylene sorbitan mono-
laurate (Tween 20, v/v) (‘assay buffer’). Recombinant
CgA standard or sample solutions (50 �l) were added in
duplicate to each well and left to incubate for 1·5 h at
37 �C. The plates were washed with phosphate buffer
solution containing 0·05% (v/v) Tween 20 (phosphate
buffer solution-T) and further incubated for 1·5 h at r.t.
with the polyclonal antiCgA serum (1:1000 in assay
buffer, 50 �l . well�1). The plates were washed again
with phosphate buffer solution-T and filled with a goat
antirabbit/IgG-horseradish peroxidase conjugate, 1:3000
in assay buffer (50 �l . well�1) and incubated for 1 h at
r.t. After further washing with phosphate buffer
solution-T, a chromogenic reaction was carried out using
o-phenylendiamine according to a standard procedure.

The assay produced a linear dose-response
curve covering the range between 10 and 500 ng . ml�1

recombinant CgA.
Reagents of the highest analytical grade were

obtained from Sigma Chemicals (St. Louis, Missouri,
U.S.A.), unless otherwise specified.
Statistical methods

The mean rank differences for serum CgA levels in
relation to NYHA class were investigated by a Kruskal–
Wallis one-way analysis of variance (ANOVA) with
adjustment of multiple comparisons; the association
between CgA and other neurohormonal levels was tested
by means of the Spearman rank correlation.

The correlation among CgA, different clinical vari-
ables and therapy was also measured. Given the marked
correlation between systolic and diastolic volumes
(r=0·98), only left ventricular end-systolic volume was
used.

The ‘Cox proportional-hazard model’ was used to
test the association between the studied variables and
survival. Transplantation was considered a time-
dependent variable. In order to evaluate the differences
between transplanted and non-transplanted patients, a
multivariate linear model was used: patients undergoing
transplantation differed from the non-transplanted
patients only for left ventricular end-systolic volume and
CgA (P<0·05). In our analysis, patients who received
emergency transplantation (n=4), defined according to
the Criteria of the United Network for Organ Sharing
(UNOS) as Status I[30], were considered as survivors;
however, the outcome of the different predictors was
similar by treating the patients who received emergency
transplantation as deaths. A univariate analysis based
on the Cox model was performed on the single variables
and the Akaike Information Criterion[31] and was used
to select variables for the Cox proportional-hazard
model.
Results
Table 2 Neuroendocrine characteristics of patients with chronic heart failure by NYHA class

n Noradrenaline
pg . ml�1

Adrenaline
pg . ml�1

Aldosterone
pg . ml�1

PRA
ng . ml�1 . h�1

ANP
pg . ml�1

CgA
ng . ml�1

NYHA I 9 351 (205–720) 65 (45–110) 4·2 (1·7–6·3) 161 (117–379) 160 (113–192) 110 (97–138)
NYHA II 63 367 (260–491) 44 (24–75) 11·8 (2·1–19·3) 138 (79–258) 162 (116–251) 147 (108–266)
NYHA III 57 471 (307–671) 49 (28–92) 14·0 (4·9–34·9) 180 (107–369) 244 (177–355) 279 (204–516)
NYHA IV 31 489 (315–815) 50 (26–86) 29·3 (19·0–41·2) 238 (111–566) 326 (236–500) 545 (232–1068)

NYHA=New York Heart Association; PRA=plasma renin activity; ANP=atrial natriuretic peptide; CgA=Chromogranin-A.
Values are expressed as median (interquartiles).
CgA levels and clinical severity

Table 2 reports data on the neuroendocrine characteris-
tics of patients with chronic heart failure. Due to the
non-normal distribution of values, these are expressed as
medians (inter-quartiles). Although the limited sample
size does not allow a precise stratification of the
neuroendocrine response by NYHA class, patients in
NYHA classes III and IV exhibit higher neuroendocrine
activation, especially for plasma renin activity and atrial
natriuretic peptide.
Eur Heart J, Vol. 23, issue 12, June 2002
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Figure 1 shows the serum CgA concentrations by
NYHA class and ejection fraction. CgA levels were
markedly elevated in patients with chronic heart failure
(P<0·00001), if compared to the ones measured in the
103 healthy subjects (median 71·6 ng . ml�1, inter-
quartiles 39–116·3). The increase was related to the
clinical severity of the syndrome: serum levels of CgA in
class II (median 146·9 ng . ml�1, inter-quartiles 108·3–
265·5) were significantly higher (P<0·05) than in class I
(median 109·7 ng . ml�1, inter-quartiles 96·7–137·6),
and significantly lower (P<0·05) than in class III
(median 279·0 ng . ml�1, inter-quartiles 203·6–516·1).
Class IV patients showed the highest serum levels of
CgA (median 545·0 ng . ml�1, inter-quartiles 231·8–
1068·3) being statistically significantly different from
class III patients (P<0·001).
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Figure 1 Serum CgA levels in 160 patients with chronic heart failure and 103
healthy subjects by NYHA class and ejection fraction (in brackets inter-quartile
values). CgA levels are markedly elevated in patients with chronic heart failure, if
compared to healthy subjects. Serum CgA levels in class II are significantly higher
than in class I and significantly lower than in class III. Class IV patients show the
highest serum levels of CgA.
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Table 3 Univariate analysis: predictors for mortality in
160 patients with chronic heart failure (Cox proportional-
hazard model)

Variable P (likelihood ratio test) Risk ratio (95% CI)

EF 0·012 0·61 (0·37–0·89)
NYHA <0·0001 2·40 (1·68–3·42)
LVESV 0·27 1·13 (0·92–1·38)
Transplantation 0·92 0·955 (0·37–2·48)
PRA 0·11 1·73 (0·96–3·12)
Aldosterone 0·16 1·02 (0·98–1·07)
Noradrenaline 0·013 1·04 (1·01–1·09)
Adrenaline 0·82 1·02 (0·84–1·24)
ANP 0·0007 1·13 (1·06–1·21)
CgA <0·0001 1·07 (1·05–1·09)

EF=ejection fraction; NYHA=New York Heart Association;
LVESV=left ventricular end systolic volume; PRA=plasma renin
activity; ANP=atrial natriuretic peptide; CgA=Chromogranin-A;
CI=confidence intervals.
CgA levels and mortality

Of the 160 patients with chronic heart failure who were
followed-up (mean 629 days, SD 312; median 727), there
were 54 deaths (33·8%) and 106 survivors (time range for
deaths was 3 to 964 days; mean 259 days, SD 231;
median 210). The mean follow-up period of the
survivors was 818 days (SD 119; range 656–1055;
median 798).

The cumulative survival of all patients was 84%, 77%,
70% and 68% at 6, 12, 18 and 24 months, respectively.
Twenty-five patients underwent transplantation during
the follow-up period; among the transplanted patients,
four underwent emergency transplantation, one of
whom died 3 days after transplantation. Of the 54
patients who died, 14 were in NYHA class II, 19 in class
III and 21 in class IV. All deaths could be attributed to
cardiovascular causes, except for three patients who died
following digestive and cerebral haemorrhage, and lung
cancer, respectively.

Table 3 and Fig. 2 show the results for the predictors
in the univariate and multivariate analyses according to
the Cox model, respectively.

The univariate analysis has identified ejection
fraction, noradrenaline, atrial natriuretic peptide,
NYHA class, and CgA as significant predictors for
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mortality (P=0·012; P=0·013; P=0·0007; P<0·0001;
P<0·0001, respectively).

The multivariate analysis showed that CgA was an
independent predictive factor for mortality (P=0·005)
with a Risk Ratio of 1·22 (95% CI=1·06–1·41) calcu-
lated using the interquartile range as significant change.
NYHA class was also a significant predictor (P=0·04,
RR=1·58, 95% CI=1·02–2·46 for a class change), but
the inclusion in the survival analysis of a subjective
evaluation of clinical severity, such as NYHA class, does
not affect the value of CgA levels as a predictor factor
for mortality.

Kaplan–Meier survival plots were used to show the
impact of serum CgA levels and NYHA class on sur-
vival (Fig. 3): the analysis combines NYHA classes I and
II since a low rate of events occurs in patients with mild
chronic heart failure. The survival probability of
patients decreases with the increase of serum CgA levels.
In patients with chronic heart failure with serum CgA
levels below the median, the survival probability at 2
years was 90%, 79% and 75% for patients in NYHA
class I and II, NYHA class III and NYHA class IV,
respectively. The survival at 2 years of patients with CgA
values above the median was 66%, 58% and 22% for
patients in NYHA class I and II, NYHA class III and
NYHA class IV, respectively.
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Figure 2 Multivariate analysis for predictor factors for mortality in
160 patients with chronic heart failure (Cox proportional-hazard
model). Risk ratio was calculated for continuous variables using the
interquartile range as significant change.
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Figure 3 Kaplan–Meier survival curves represented by
NYHA class and the categorized CgA variable (——
below the median; – – – above the median).
Discussion

The results of our study represent the first finding of an
increase of serum CgA levels in patients with chronic
heart failure, also being a predictive factor for mortality.
We have observed that CgA levels are related to the
clinical severity of the syndrome: NYHA class II
patients have significantly higher levels of CgA than
class I patients or healthy subjects, suggesting that the
increase in CgA occurs in the early chronic heart failure
stages. Moreover, we have found in NYHA class
IV patients, CgA levels as high as those of patients
with pheochromocytoma and other neuroendocrine
tumours[18–20].
Eur Heart J, Vol. 23, issue 12, June 2002
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CgA is the major soluble protein present in the
secretory vescicles throughout the neuroendocrine sys-
tem: it is released exocytotically with the many different
co-stored hormones. Therefore, its increase in circulat-
ing blood could be linked to neuroendocrine activation.
A similar paradigm has been applied for instance to
neuropeptide Y, a 36-amino acid peptide co-stored with
noradrenaline: its increase is considered an activation of
the sympathetic outflow[7]. Unlike neuropeptide Y, CgA
has multiple locations and is co-stored not only with
noradrenaline, but also with other hormones activated
in chronic heart failure, such as natriuretic peptides.
Furthermore, CgA is preferentially secreted into the
lymph and has a measurable plasma half-life[18,26]; there-
fore, it is a suitable index with which to detect a ‘tonic’
neuroendocrine activation rather than single ‘phasic’
responses to stress.

CgA has been considered for years as a protein
involved in hormone storage and granulo-
genesis[12,13,17,20]. However, recent findings have pro-
vided evidence that suggests that CgA can also function
as a pro-hormone precursor. In fact, the biological fate
of CgA is to undergo rapid processing, by means of
pro-hormone convertases and other proteases[32,33] in a
tissue-specific manner[34,35]. Among the CgA derived
peptides functionally characterized, residues 248–293
correspond to pancreastatin, a pancreatic peptide able to
inhibit insulin secretion[36] and the fragment 347–419,
known as parastatin, inhibits parathormone secretion in
the parathyroid gland[37].

Furthermore, the specific biological effect of some
newly characterized systems controlled by the CgA
network, namely catestatin and vasostatins, could
become of specific importance in the pathophysiology of
chronic heart failure.

Catestatin corresponds to the fragment 344–364
within CgA and is a potent non-competitive inhibitor of
nicotinic cholinergic receptor mediated catecholamine
release[38]. Thus, the secretion of CgA, followed by
its appropriate proteolytic processing, results in a
autocrine/paracrine negative feedback control on local
catecholamine release. For this effect, catestatin IC50 is
�0·2–0·4 �[38], thus well within the range of CgA that
we have found in our chronic heart failure patients. It
has recently been proposed that the major fibrinolytic
enzyme, i.e. plasmin, binds specifically and with high
affinity CgA generating peptides exerting catestatin
activity[39]. Since plasminogen and tissue plasminogen
activator — that is synthesized and secreted also by
catecholaminergic cells — bind to cell surface leading to
local plasmin activation, this represents a mechanism of
local CgA processing. In view of the involvement in the
inflammatory responses in chronic heart failure, the
interrelations between CgA and the fibrinolytic system
may have important implications in the control of local
sympathetic activity[39].

Vasostatins comprise a family of different molecules
generated from the aminoterminal portion of CgA. The
most characterized ones are the fragments comprising
CgA peptides 1–76 and CgA 1–113, known as vasostatin
Eur Heart J, Vol. 23, issue 12, June 2002
I and II[40–43], which bind to specific receptors on the
smooth muscle cells of the resistance vessels, causing
dilatation.

Vasostatin antagonizes endothelin- and
noradrenaline-induced increase of vascular tone, both in
resistance and conduit vessels by an endothelium-
independent mechanism[41–43]. Recently, we have also
shown that vasostatins can modulate the adhesion of
fibroblasts and smooth muscle cells to extracellular
matrix proteins suggesting a a role in the interstitial
remodelling processes[44,45].

In view of the above considerations, it can be hypoth-
esized that CgA plays a role in the pathophysiology of
chronic heart failure by exerting favourable actions
including antiadrenergic, vasodilating, possibly anti-
remodelling effects and counteracting the widespread
neuroendocrine activation of this syndrome. These
responses, mediated by autocrine/paracrine mechanisms
induced by local production of CgA, may represent an
extreme attempt of the organism to counteract the
detrimental effects of excessive neuroendocrine acti-
vation. Therefore, accumulation of circulating CgA
immunoreactivity also implies that the neuroendocrine
system is strenuously stimulated as in the advanced
stages of the disease or in the cases with the worst
prognosis.

In accordance with the hypothesis, the results of our
study indicate that CgA measurement is an independent
prognosticator for mortality in patients with chronic
heart failure. Interestingly, the predictive power of CgA
was maintained irrespective of the clinical status (Fig. 3)
even in these selected ‘high risk’ patients. The survival
probability of patients with CgA above the median was
about threefold lower than that of patients with CgA
levels below the median, irrespective of the NYHA class.

CgA, due to its easy measurement in serum, can be
considered an additional marker of prognosis that was
the most sensitive prognosticator in our model, when
compared to other recognized prognostic factors, such
as ejection fraction, noradrenaline and atrial natriuretic
peptide.
Limitations of the study

As stated in the Methods section, the results of our study
are based on a population of patients with chronic heart
failure hospitalized for assessment and therapy. This
population well represents the patients enrolled in simi-
lar studies or hospitalized in cardiological units[22].
However, the population of our study differs from a
general population of patients with asymptomatic left
ventricular dysfunction by characteristics such as age or
disease severity. In particular, there are few poorly
symptomatic patients in our population. Therefore,
CgA levels as a prognostic factor in a population of
asymptomatic patients cannot be addressed in our
study.

A specific study conducted in a general popu-
lation with asymptomatic left ventricular dysfunction is,
indeed, needed to address this issue.
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Moreover, the series of neurohormones evaluated in
this study is limited to those available or included in the
panel of assays performed in our centres at the begin-
ning of our investigation; thereafter, new knowledge in
this field was reached, in particular on natriuretic pep-
tides and on endothelins[5,46–49] which unfortunately
could not be retrospectively assayed in an adequate
subset of patients. Therefore, further studies are
necessary to validate the prognostic value of CgA in
comparison with brain natriuretic peptide or
endothelins.
Conclusions and implications

Our results demonstrate the importance of CgA level as
an indicator linked to neuroendocrine activation and an
independent predictor of mortality in patients with
chronic heart failure, in respect to other recognized
predictive factors, such as ejection fraction, noradrena-
line, and atrial natriuretic peptide. The hypothesis that
CgA levels could be also important for the assignment of
specific treatment regimens and for the follow-up of the
therapeutic effect in patients with chronic heart failure is
stimulating and needs to be addressed in further studies.
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Ministero della Sanità. The authors are indebted to Roberta
Bonetti for secretarial assistance and to Alessandro Bettini for
editing the manuscript.
References

[1] Levine TB, Francis GS, Goldsmith SR, Simon A, Cohn JN.
Activity of the sympathetic nervous system and renin-
angiotensin system assessed by plasma hormone levels and
their relation to hemodynamic abnormalities in congestive
heart failure. Am J Cardiol 1982; 49: 1659–66.

[2] Cody RJ, Atlas SA, Laragh JH et al. Atrial natriuretic factor
in normal subjects and heart failure patients: plasma levels
and renal, hormonal, and hemodynamic responses to peptide
infusion. J Clin Invest 1986; 78: 1362–74.

[3] Packer M, Lee WH, Kessler PD, Gottlieb SS, Bernstein JL,
Kukin ML. Role of neurohormonal mechanisms in determin-
ing survival in patients with severe chronic heart failure.
Circulation 1987; 75: IV80–92.

[4] Francis GS, Cohn JN, Johnson G, Rector TS, Goldman S,
Simon A. Plasma noradrenaline, plasma renin activity, and
congestive heart failure. Circulation 1993; 87: VI40–48.

[5] McMurray JJ, Ray SG, Abdullah I, Dargie HJ, Morton JJ.
Plasma endothelin in chronic heart failure. Circulation 1992;
85: 1374–9.

[6] Omland T, Lie RT, Aakvaag A, Aarsland T, Dickstein K.
Plasma endothelin determination as a prognostic indicator of
1-year mortality after acute myocardial infarction. Circulation
1994; 89: 1573–9.

[7] Pernow J, Lundberg JM, Kaijser L et al. Plasma neuropeptide
Y-like immunoreactivity and catecholamines during various
degrees of sympathetic activation in man. Clin Physiol 1986; 6:
561–78.

[8] Pousset F, Masson F, Chavirovskaia O et al. Plasma
adrenomedullin, a new independent predictor of prognosis in
patients with chronic heart failure. Eur Heart J 2000; 21:
1009–14.
[9] Ferrari R, Bachetti T, Confortini R et al. Tumor necrosis
factor soluble receptors in patients with various degrees of
congestive heart failure. Circulation 1995; 92: 1479–86.

[10] Pousset F, Isnard R, Lechat P et al. Prognostic value of
plasma endothelin-1 in patients with chronic heart failure. Eur
Heart J 1997; 18: 254–8.

[11] Blaschko H, Comline RC, Schneider F, Silver M, Smith AD.
Secretion of a chromaffin granule protein, chromogranin,
from the adrenal gland after splanchnic stimulation. Nature
1967; 215: 58–9.

[12] Winkler H, Fischer-Colbrie R. The chromogranins A and B:
the first 25 years and future perspectives. Neuroscience 1992;
49: 497–528.

[13] Huttner WB, Gerdes HH, Rosa P. The granin (chromogranin/
secretogranin) family. Trends Biochem Sci 1991; 16: 27–30.

[14] Mouland AJ, Bevan S, White JH, Hendy GN. Human
chromogranin-A gene. Molecular cloning, structural analysis,
and neuroendocrine cell-specific expression. Biol Chem 1994;
269: 6918–26.

[15] Takiyyuddin MA, Cervenka JH, Sullivan PA et al. Is
physiologic sympathoadrenal catecholamine release
exocytotic in humans? Circulation 1990; 81: 185–95.

[16] Cryer PE, Wortsman J, Shah SD, Nowak RM, Deftos LJ.
Plasma chromogranin-A as a marker of sympathochromaffin
activity in humans. Am J Physiol 1991; 260: E243–E246.

[17] Takiyyuddin MA, Brown MR, Dinh TQ et al. Sympatho-
adrenal secretion in humans: factors governing catecholamine
and storage vesicle peptide co-release. J Auton Pharmacol
1994; 14: 187–200.

[18] O’Connor DT, Bernstein KN. Radioimmunoassay of
chromogranin-A in plasma as a measure of exocytotic sym-
pathoadrenal activity in normal subjects and patients with
pheochromocytoma. N Engl J Med 1984; 311: 764–70.

[19] O’Connor DT, Deftos LJ. Secretion of chromogranin-A by
peptide-producing endocrine neoplasms. N Engl J Med 1986;
314: 1145–51.

[20] Deftos LJ. Chromogranin-A: its role in endocrine function
and as an endocrine and neuroendocrine tumor marker.
Endocr Rev 1991; 12: 181–7.

[21] Schiller NB, Shah PM, Crawford M et al., for the American
Society of Echocardiography Committee of Standards,
Subcommittee on Quantification of Two-Dimensional
Echocardiograms. Recommendation for quantification of the
left ventricle by two-dimensional echocardiography. J Am Soc
Echocardiogr 1989; 5: 358–67.

[22] SEOSI Investigators. Survey on heart failure in Italian
hospital cardiology units. Results of the SEOSI study. Eur
Heart J 1997; 18: 1247–54.

[23] Anand IS, Ferrari R, Kalra GS, Wahi PL, Poole-Wilson PA,
Harris P. Edema of cardiac origin. Studies of body water and
sodium, renal function, hemodynamic indexes, and plasma
hormones in untreated congestive cardiac failure. Circulation
1989; 80: 299–305.

[24] Ceconi C, Condorelli E, Quinzanini M, Rodella A, Ferrari R,
Harris P. Noradrenaline, atrial natriuretic peptide, bombesin
and neurotensin in myocardium and blood of rats in
congestive cardiac failure. Cardiovasc Res 1989; 23: 674–82.

[25] Poiesi C, Rodella A, Mantero G, Cannella G, Ferrari R,
Albertini A. Improved radioimmunoassay of atrial natriuretic
peptide in plasma. Clin Chem 1989; 35: 1431–4.

[26] Carmichael SW, Stoddard SL, O’Connor DT, Yaksh TL,
Tyce GM. The secretion of catecholamines, chromogranin-A
and neuropeptide Y from the adrenal medulla of the cat via
the adrenolumbar vein and thoracic duct: different anatomic
routes based on size. Neuroscience 1990; 34: 433–40.

[27] Hsiao RJ, O’Connor DT, Barbosa JA, Parmer RJ, Newmann
HP. Chromogranin A in familial pheochromocytoma:
diagnostic screening value, prediction of tumor mass,
and post-resection kinetics indicating two-compartment
distribution. Am J Med 1990; 88: 607–13.

[28] O’Connor DT, Pandlan MR, Carlton E, Cervenka JH, Hslao
RJ. Rapid radioimmunoassay of circulating chromogranin A:
Eur Heart J, Vol. 23, issue 12, June 2002



974 C. Ceconi et al.
in vitro stability, exploration of the neuroendocrine character
of neoplasia, and assessment of the effects of organ failure.
Clin Chem 1989; 35: 1631–7.

[29] Corti A, Longhi R, Gasparri A, Chen F, Pelagi M, Siccardi
AG. Antigenic regions of human chromogranin-A and their
topographic relationships with structural/functional domains.
Eur J Biochem 1996; 235: 275–80.

[30] Mudge GH, Goldstein S, Addonizio LJ et al. Task Force 3:
Recipient Guidelines/Prioritization. J Am Coll Cardiol 1993;
22: 21–31.

[31] Akaike H. A new look at statistical model identification. IEEE
Transaction on Automatic Control 1974; 19: 716–22.

[32] Lindberg I. The new eukaryotic precursor processing
proteinases. Mol Endocrinol 1991; 5: 1361–5.

[33] Metz-Boutigue MH, Garcia-Sablone P, Hogue-Angeletti R,
Aunis D. Intracellular and extracellular processing of chro-
mogranin A. Determination of cleavage sites. Eur J Biochem
1993; 217: 247–57.

[34] Curry WJ, Johnston CF, Hutton JC et al. The tissue distri-
bution of rat chromogranin A-derived peptides: evidence for
differential tissue processing from sequence specific antisera.
Histochemistry 1991; 96: 531–8.

[35] Laslop A, Doblinger A, Weiss U. Proteolytic processing of
Chromogranins. In: Helle KB, Aunis D, eds. Chromogranins:
Functional and Clinical Aspects. New York: Kluwer
Academic/Plenum Publishers, 2000: 155–66.

[36] Tatemoto K, Efendic S, Mutt V, Makk G, Feistner GJ,
Barchas JD. Pancreastatin, a novel pancreatic peptide that
inhibits insulin secretion. Nature 1986; 324: 476–8.

[37] Fasciotta BH, Trauss CA, Greeley GH, Cohn DV. Parastatin
(porcine chromogranin A347-419), a novel chromogranin
A-derived peptide, inhibits parathyroid cell secretion.
Endocrinology 1993; 133: 461–6.

[38] Mahata SK, O’Connor DT, Mahata M et al. Novel autocrine
feedback control of catecholamine release. A discrete chro-
mogranin A fragment is a noncompetitive nicotinic
cholinergic antagonist. J Clin Invest 1997; 100: 1623–33.

[39] Parmer RJ, Mahata M, Gong Y et al. Processing of chro-
mogranin A by plasmin provides a novel mechanism for
Eur Heart J, Vol. 23, issue 12, June 2002
regulating catecholamine secretion. J Clin Invest 2000; 106:
907–15.

[40] Helle KB, Angeletti RH. Chromogranin-A: a multipurpose
pro-hormone? Acta Physiol Scand 1994; 152: 1–10.

[41] Aardal S, Helle KB. The vasoinhibitory activity of bovine
chromogranin — A fragment (vasostatin) and its indepen-
dence from extracellular calcium in isolated segments of
human blood vessels. Regul Pept 1992; 41: 9–18.

[42] Aardal S, Helle KB, Elsayed S, Reed RK, Serck-Hanssen G.
Vasostatins, comprising the N-terminal domain of
chromogranin-A, suppress tension in isolated human blood
vessel segments. J Neuroendocrinol 1993; 5: 405–12.

[43] Helle KB. Vasostatins. In: Helle KB, Aunis D, eds. Chrom-
ogranins: Functional and Clinical Aspects. New York: Kluwer
Academic/Plenum Publishers, 2000: 225–38.

[44] Gasparri A, Sidoli A, Perez Sanchez L et al. Chromogranin A
fragments modulate cell adhesion. identification and
characterisation of a pro-adhesive domain. J Biol Chem 1997;
272: 20835–43.

[45] Ratti S, Curnis F, Longhi R et al. Structure–activity relation-
ships of chromogranin A in cell adhesion. Identification of an
adhesion site for fibroblasts and smooth muscle cells. J Biol
Chem 2000; 275: 29257–63.
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