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Background. A high pulse pressure (PP) predicts cardiovascular mortality in hypertension and in
the elderly. We analyzed the data from the Italian Network of Congestive Heart Failure Registry to
test the prognostic role of PP in patients with heart failure.

Methods. A total of 8660 patients with heart failure (mean age 64 + 12 years, 73% male) were di-
vided into four groups according to their PP (< 40, 40-49, 50-59, and > 60 mmHg), and followed
prospectively.

Results. After 1 year, 995 patients (11.5%) died. Both the mean arterial pressure and systolic blood
pressure were found to be inversely associated with mortality at univariate and multivariate analy-
ses. An inverse univariate relation was observed between PP and all-cause mortality. An excess mor-
tality risk in the lowest PP group (odds ratio 1.40, 95% confidence interval 1.09-1.79 vs the highest
PP group) was confirmed in a multivariate analysis which took into account the effect of several oth-
er variables, including mean arterial pressure. Similar findings were obtained for cardiovascular
mortality. When we replaced systolic blood pressure with mean arterial pressure in the model, PP did
not retain its independent prognostic role, possibly because of the high co-linearity between these two
variables (r = 0.87).

Conclusions. For any given level of mean arterial pressure, a low PP is an independent predictor
of all-cause and cardiovascular death in patients with heart failure. The association may be partly re-
lated to the strong influence of low systolic blood pressure on mortality. Different pathophysiological
mechanisms may underlie the opposite prognostic significance of PP in hypertension and heart fail-

ure.
(Ital Heart J 2004; 5 (12): 892-898)

Introduction

Several studies have demonstrated that
a high pulse pressure (PP) is an indepen-
dent cardiovascular risk factor in the gener-
al population!-, in hypertensive patients*®,
and in patients with previous myocardial
infarction and an impaired left ventricular
function”8. This adverse association has
been shown to be independent of mean ar-
terial pressure and other covariates be-
lieved to influence the cardiovascular out-
come. It has also been speculated that an in-
creased PP may help to explain the higher
incidence of stroke in patients with isolated
systolic hypertension as opposed to those
with diastolic or mixed systolic/diastolic
hypertension®.
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PP is considered a crude index of aor-
tic stiffness. An increased stiffness of the
conduit vessels results in an increased
characteristic impedance of the aorta and
decreased arterial compliance, which in
turn cause an increase in systolic blood
pressure (BP) and PP, as well as a de-
crease in diastolic BP. In addition, arteri-
al stiffness causes an increase in pulse-
wave velocity. A greater pulse-wave ve-
locity results in a premature rebound of
the reflected pressure wave to the central
aorta during systole rather than during di-
astole and this further increases PP. On
the other hand, for any given level of aor-
tic stiffness, a high PP is determined by
stroke volume and the rate of left ventric-
ular ejection'®!!,
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Given the complex interplay between the multiple
determinants of PP, the results obtained in the general
or hypertensive populations may not be automatically
extended to other settings. As a matter of fact, mean ar-
terial pressure is directly associated with mortality in
the general population'?, but inversely related in con-
gestive heart failure'3. We speculated that the prognos-
tic value of PP in patients with clinically overt conges-
tive heart failure might differ from that of subjects
without heart failure, possibly because in these pa-
tients PP might be more critically dependent on left
ventricular ejection. In the present study, we used the
database of the Italian Network of Congestive Heart
Failure (IN-CHF)!415, a nationwide, observational,
multicenter investigation, to explore the association
between PP as a measure of pulsatile BP load and all-
cause and cardiovascular mortality in a large popula-
tion of outpatients with heart failure, after considering
the confounding effect of mean arterial pressure and
several other covariates.

Methods

A total of 11 070 consecutive patients with conges-
tive heart failure were enrolled in the IN-CHF Registry
from March 1995 to December 1999415, The present
analysis includes 8660 patients for whom complete 1-
year follow-up data were available on January 1, 2002.

The IN-CHF Registry is a survey designed by an ad
hoc Committee of the Italian Association of Hospital
Cardiologists (ANMCO, Florence, Italy). Patients
were recruited into the study and followed up for 1
year at 150 centers distributed across the whole coun-
try. Centers are more frequently located in Northern
(46%) than in Central (24%) or Southern (30%) Italy,
but well represent the Italian country. Short training
sessions were organized to prepare clinicians to collect
and enter data following standardized methods. Using
an ad hoc designed software, the patients’ data were
recorded at each center by trained cardiologists and
then pooled into a single database at the ANMCO Re-
search Center. Entry into the database required that the
patient had a diagnosis of congestive heart failure
based on the guidelines of the European Society of
Cardiology'®. Demographic, clinical, instrumental and
laboratory variables, and information on drug therapy
were collected for each patient. A single BP measure-
ment was obtained by sphygmomanometry at the time
of enrollment. PP was calculated as the difference be-
tween systolic and diastolic BP. Mean arterial pressure
was calculated as (2 X diastolic BP + systolic BP)/3.
Subjects were divided into four groups according to
their PP at enrollment: < 40, 40-49, 50-59, and > 60
mmHg.

Patients were followed according to the routine
clinical practice of the participating centers. In case of
out-of-hospital death, the event was confirmed by tele-
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phone interview with the patient’s relatives, using a
standard questionnaire specifically aimed at determin-
ing the mode of death.

Statistical analysis. Data were prospectively collected
by the participating centers using ad hoc local software
and sent periodically to the ANMCO Research Center
for statistical analysis. Data were analyzed using the
SAS statistical package (SAS Institute Inc., Cary, NC,
USA). The study groups were compared by means of
analysis of variance for continuous variables, and using
the x? test for categorical variables. A logistic regres-
sion model was performed to test the effect of several
potential predictors of mortality at 1 year. Fifty-nine
patients were excluded from the logistic analysis be-
cause their heart rate data were missing.

The following variables were considered in the mul-
tivariate analysis: age, gender, heart rate, mean arterial
pressure (or systolic BP), functional class (NYHA III-
IV vs I-II), etiology (ischemic vs non-ischemic), left
ventricular ejection fraction (< 30 vs = 30%), atrial fib-
rillation, third heart sound, ventricular tachycardia, pre-
vious hospital admissions for heart failure, and the use
of digoxin, diuretics, angiotensin-converting enzyme
inhibitors and beta-blockers.

Systolic BP and mean arterial pressure were con-
sidered as continuous variables. With regard to PP, four
groups (< 40, 40-49, 50-59, and = 60 mmHg) were con-
sidered and three dummy variables were defined (< 40
vs 2 60 mmHg, 40-49 vs =2 60 mmHg, and 50-59 vs
260 mmHg). A p value of < 0.05 was considered as sta-
tistically significant.

Results

The main characteristics of the study population are
reported in table I. The mean age was 64 + 12 years.
Twenty-seven percent of subjects were women, and
30% were classified as being in NYHA class III or IV.
Patients in the lowest PP group (< 40 mmHg) appeared
to be younger, more frequently male, and had more se-
vere heart failure. As expected, patients with higher PP
values also had higher systolic BP. More interestingly,
even diastolic BP tended to increase across the PP
groups, as a result of the strong direct association be-
tween PP and systolic BP (r = 0.87, p < 0.0001).

After 1 year of follow-up, 995 patients (11.5%)
died, among whom 731 (73%) of cardiovascular caus-
es. The causes of death are reported on table II. As de-
picted in figure 1, an inverse relation was found be-
tween PP and mortality. The all-cause death rate at 1
year was 18.4, 12.0, 10.2, and 9.0% in the first, second,
third and fourth groups of the PP distribution, respec-
tively. The corresponding cardiovascular death rates in
the four groups were 13.9, 9.2, 7.8, and 6.0%. The Ka-
plan-Meier curves of survival by baseline PP are re-
ported in figure 2. At multivariate analysis, both mean
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Table I. Clinical characteristics of 8660 patients with congestive heart failure, divided by their baseline pulse pressure.

All Pulse pressure (mmHg) p
(n=8660)
<40 40-49 50-59 =60
(n=1341) (n=2128) (n=2096) (n=3095)

Age (years) 64+ 12 58+13 61 +12 64 +12 68 + 10 < 0.0001
Females 2334 (27%) 249 (19%) 475 (22%) 519 (25%) 1091 (35%) < 0.0001
NYHA class III or IV 2625 (30%) 593 (44%) 681 (32%) 563 (27%) 788 (26%) <0.0001
Ejection fraction < 0.0001

<30% 1741 (20%) 449 (33%) 505 (24%) 424 (20%) 363 (12%)

>30% 3552 (41%) 412 (31%) 865 (41%) 898 (43%) 1377 (44%)

Not available 3367 (39%) 480 (36%) 758 (35%) 774 (37%) 1355 (44%)
Heart rate > 100 b/min 561 (7%) 115 (9%) 127 (6%) 121 (6%) 198 (6%) 0.006
Previous hospitalization 4890 (56%) 924 (69%) 1260 (59%) 1143 (54%) 1563 (50%) < 0.0001
Ischemic etiology 3468 (40%) 590 (44%) 866 (41%) 849 (41%) 1163 (38%) 0.0007
Diabetes 963 (11%) 101 (8%) 191 (9%) 216 (10%) 455 (15%) < 0.0001
Systolic BP (mmHg) 132 +22 105+ 11 118 + 10 130+ 11 152+ 16 <0.0001
Diastolic BP (mmHg) 79+ 11 75+ 10 77+ 10 79 + 10 82«11 < 0.0001
Systolic BP (mmHg) < 0.0001

> 120 5135 (59%) 64 (5%) 498 (23%) 1535 (73%) 3038 (98%)

100-120 3220 (37%) 987 (74%) 1615 (76%) 561 (27%) 57 2%)

< 100 305 (4%) 290 (22%) 15 (1%) 0 0
BP = blood pressure.
Table II. Causes of death at 1 year for 8660 patients with con- 20 5
gestive heart failure. 1 1 O nadi-CA dealk
Worsening heart failure 272 (27%) 16 1 L i
Sudden death 411 (41%) 12
Coronary artery disease 28 (3%) 1-yesar death ]
Stroke 13 (1%) rabe, %
Systemic embolism 7 (1%) &1
Pulmonary embolism 12 (1%)
Other 111 (11%) 4
Non-cardiac 57 (6%) 1
Unknown 84 (9%) 0
All causes 995 (100%)

arterial pressure (odds ratio [OR] 0.98, 95% confidence
interval [CI] 0.97-0.99) and systolic BP (OR 0.98, 95%
CI 0.98-0.99) showed an independent inverse associa-
tion with total mortality.

The excess risk for all-cause and cardiovascular
mortality in the lowest PP group (Fig. 1) was confirmed
in a multivariate analysis which took into account the
effect of several other variables, including mean arteri-
al pressure, age, sex, heart rate, NYHA class, atrial fib-
rillation, left ventricular ejection fraction, ventricular
arrhythmias, renal dysfunction, and the use of digoxin,
diuretics, angiotensin-converting enzyme inhibitors,
and beta-blockers (Table III). In comparison to the
group with the highest PP (= 60 mmHg), the group with
the lowest PP (< 40 mmHg) showed a significant 40%
excess risk for all-cause death (95% CI 9 to 79%) and a
47% excess risk for cardiovascular death (95% CI 10 to
95%).

When, in the model, we replaced mean arterial
pressure with systolic BP, PP did not retain its inde-
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Figure 1. One-year cardiovascular (CV) and non-CV death rates by
baseline pulse pressure for 8660 patients with congestive heart failure.

pendent prognostic role (all-cause death OR for the
lowest vs highest PP group = 1.013, 95% CI 0.726-
1.414, p = NS), possibly because of the strong direct
correlation between systolic BP and PP (r = 0.87, p
< 0.0001).

To explore the hypothesis that a low PP in this pop-
ulation might be a hallmark of poor ventricular systolic
function, we separately examined those patients for
whom left ventricular ejection fraction was available (n
= 5293). In the subgroup with an ejection fraction
<40% (n = 3578, with a total of 476 all-cause deaths),
a multivariate analysis was run which incorporated all
the above variables, including mean arterial pressure
and PP, plus ejection fraction as a continuous variable.
In this model, both mean arterial pressure (OR 0.985,
95% CI 0.976-0.994, p < 0.001) and ejection fraction
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Figure 2. Kaplan-Meier survival curves by baseline pulse pressure (PP) for 8660 patients with congestive heart failure.

Table III. Independent predictors of the 1-year all-cause and cardiovascular mortalities for 8601 patients with congestive heart failure.

Odds ratio (95% confidence limits)

All-cause mortality Cardiovascular mortality

Age (years)

Mean arterial pressure (mmHg)
Heart rate (b/min)

NYHA class III-IV

Ischemic etiology

Previous hospitalization

Third heart sound

Serum creatinine > 2.5 mg/dl
Ventricular tachycardia
Ejection fraction < 30%

Pulse pressure < 40 vs =2 60 mmHg
Cardiothoracic ratio

Use of digoxin

Use of diuretics

Use of ACE-inhibitors

Use of beta-blockers

1.028 (1.021-1.035)
0.980 (0.974-0.987)
1.007 (1.003-1.012)
1.795 (1.549-2.080)
1.187 (1.025-1.376)
1.582 (1.351-1.853)
1.447 (1.239-1.689)
2.201 (1.419-3.414)
1.519 (1.118-2.066)

1.029 (1.020-1.037)
0.979 (0.971-0.987)
1.008 (1.002-1.013)
1.710 (1.445-2.023)
1.241 (1.050-1.468)
1.532 (1.277-1.839)
1.541 (1.295-1.835)
1.751 (1.061-2.892)
1.861 (1.319-2.624)
1.327 (1.073-1.641)
1.465 (1.102-1.948)
1.634 (1.003-2.663)
0.764 (0.628-0.930)
0.634 (0.460-0.875)
1.292 (1.061-1.573)
1.304 (1.014-1.677)

1.396 (1.089-1.789)

0.736 (0.620-0.874)
0.572 (0.430-0.762)
1.236 (1.038-1.473)
1.291 (1.039-1.604)

ACE = angiotensin-converting enzyme.

(OR 0.975,95% CI1 0.961-0.989, p < 0.001) showed an
independent inverse association with total mortality,
while PP had no independent prognostic significance.

Discussion

The present analysis investigates the impact of PP
on the risk of death in a cohort of patients with chronic
heart failure. It demonstrates that a low PP is associat-
ed with an increased risk of all-cause and cardiovascu-
lar death independent of the confounding effects of
mean arterial pressure and several other variables.

BP has been traditionally measured in terms of peak
(systolic) and trough (diastolic) values, but a more
physiological interpretation considers BP waveform as
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being composed of a steady component (mean arterial
pressure), upon which cyclic oscillations, represented
by PP, are superimposed. PP, the difference between
systolic and diastolic BP, is an easily measurable corre-
late of the pulsatile hemodynamic load during the car-
diac cycle. It is a complex parameter which is modified
not only by large-artery stiffness and the timing of the
reflected waves from the peripheral circulation, but al-
so by heart rate and the pattern of left ventricular ejec-
tion'%. At any given value of left ventricular ejection
and heart rate, large-artery stiffness and wave reflection
represent the major determinants of PP. In contrast, the
steady component of arterial pressure, estimated by
mean arterial pressure, is entirely determined by car-
diac output and peripheral resistance governed by the
arteriolar system'!.
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A link has been observed between the stiffness of
the conduit vessels and cardiovascular morbidity and
mortality. Measures of aortic stiffness have been
demonstrated to be associated with left ventricular hy-
pertrophy!’, myocardial infarction'3, stroke!® and con-
gestive heart failure'® both in normotensive and hyper-
tensive populations. Stiffening of the conduit vessels
increases the pulse-wave velocity, which results in a
premature return of the reflected pressure wave to the
heart during systole. The reflected pressure wave adds
to the forward wave and increases left ventricular after-
load, whereas the reflected flow wave diminishes the
forward flow and stroke volume®. An earlier return of
the reflected wave from diastole into systole diminish-
es coronary diastolic perfusion pressure and has been
shown to produce ischemia in animal models both
with?! and without?? epicardial coronary stenoses.

This study demonstrates that, in patients with heart
failure, a low PP is an independent risk factor for car-
diovascular and total mortality for every given level of
mean arterial pressure. Thus, the pulsatile component
of BP in patients with congestive heart failure is relat-
ed to mortality in a manner which appears to be quite
different from that observed in the general'-3 or hyper-
tensive*¢ populations. A potential explanation for this
finding is that in patients with heart failure, low PP val-
ues may preferentially reflect a more advanced degree
of cardiac dysfunction, which in turn confers an in-
creased risk of death. In these patients, the reduction in
ventricular function might obscure any direct relation
between PP, as a measure of conduit vessel stiffness,
and adverse events. In heart failure, a low PP may be
the hallmark of an impaired left ventricular function,
with a consequent low forward flow and stroke volume,
more than an index of arterial stiffness. We suggest that
a decreased PP in heart failure may be a sign of a de-
crease in systolic BP consequent to a reduced left ven-
tricular performance more than to an increase in dias-
tolic BP. This hypothesis is supported by the fact that
when systolic BP is considered in the multivariate
analysis, PP does not retain its prognostic significance
to confirm a close correlation between these two vari-
ables. On the other hand, an increased PP might prefer-
entially reflect an increased conduit artery stiffness and
its detrimental prognostic effect in populations free
from congestive heart failure, especially the elderly.
Quite interestingly, the existence of a monotonically
linear relationship between PP and mortality has been
questioned by a recent analysis of a representative sam-
ple of the non-institutionalized United States popula-
tion aged > 65 years??, in which a J-shaped association
between PP and mortality was found, with a change
point estimate set at 41.8 mmHg for all-cause mortali-
ty and 35.5 mmHg for cardiovascular mortality. As stat-
ed by the authors, the clinical implications of this ob-
servation remain uncertain because of the limited num-
ber of observations below the change point. Our find-
ings extend those observations to a large, nationwide
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representative sample of outpatients with congestive
heart failure.

These data are at variance with those reported in
two previously published studies which had enrolled
patients with left ventricular dysfunction and previous
myocardial infarction’:8. In the Survival and Ventricular
Enlargement study’, 2231 patients with a left ventricu-
lar ejection fraction < 40% and no overt congestive
heart failure were enrolled early (3-16 days) after my-
ocardial infarction. In such patients, a direct linear rela-
tionship between PP and total mortality, as well as re-
current myocardial infarction, was observed. This
study included a highly selected population of patients
with a recent myocardial infarction, an impaired left
ventricular function and no clinically overt heart fail-
ure; therefore, these results are not easily comparable
with ours. PP was an independent predictor of death al-
so in the Studies of Left Ventricular Dysfunction, in
which 6781 patients with asymptomatic (62%) or
symptomatic (38%) heart failure were followed for 3.2
years8. However, several differences between this study
and the IN-CHF database deserve to be mentioned. The
all-cause death rate at 1 year was 7% in the Studies of
Left Ventricular Dysfunction, while it was 11.5% in our
study. In the former study, only patients who were eli-
gible for treatment with angiotensin-converting en-
zyme inhibitors were enrolled, while the IN-CHF data-
base included an unselected population with heart fail-
ure enrolled during routine clinical practice. For this
reason, 19% of the enrolled patients were not receiving
angiotensin-converting enzyme inhibitors. Thus, the
population of the present registry appears to be at con-
siderably higher risk than those of the two previous
studies”. Our large, nationwide database of unselected
outpatients with congestive heart failure of different
etiologies may be considered as being more representa-
tive of the real-world population of patients with heart
failure. We might speculate that in patients with more
advanced degrees of heart failure, PP may more criti-
cally depend on left ventricular systolic performance
than on large-artery stiffness. Interestingly, preliminary
data from the Studies of Left Ventricular Dysfunction
show that a low PP predicts a worse outcome in patients
with severe heart failure, but not in those with milder
degrees of disease?. Indeed, in our study, when the
ejection fraction was included among the covariates as
a continuous variable, PP no longer remained an inde-
pendent predictor of mortality in the higher risk sub-
group of patients with low systolic function.

A limitation of the present study is that the results
were based on a single measurement of BP, and thus are
probably underestimates of true associations due to re-
gression dilution bias. Nevertheless, as shown in many
prospective studies, a single BP reading is strongly pre-
dictive of future cardiovascular mortality.

In conclusion, a low PP is independently related to
a worse outcome for every given level of mean arterial
pressure in a large, unselected, nationwide outpatient
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population of individuals with heart failure. The ad-
verse prognostic significance of a high PP, which had
been documented in other clinical settings'-, was not
confirmed in this population. Overall, these data sug-
gest that high PP values may preferentially reflect low
arterial compliance in hypertension and in the general
population, while they may be more closely related to
the maintenance of an adequate stroke volume in
chronic heart failure.

Appendix
Farticipating Centers and Investigators

Piemonte Borgomanero (A. Mezzani, M. Bielli); Cuneo (U. Mi-
lanese, G. Ugliengo); Orbassano (R. Pozzi, F. Rabajoli); Veruno
(E. Bosimini); Valle d’Aosta Aosta (G. Begliuomini); Lombardia
Belgioioso (A. Ferrari, F. Barzizza); Bergamo (M.G. Valsecchi,
F. Dadda); Brescia (P. Faggiano); Cassano d’Adda (G. Casti-
glioni, G. Gibelli); Chiari (A.L. Turelli); Como (R. Belluschi);
Cremona (C. Bianchi, C. Emanuelli); Desio (S. Gramenzi, G.
Foti); Erba Medicina (D. Agnelli); Esine (G. Mascioli); Garba-
gnate Milanese (E. Cazzani); Gussago (E. Zanelli, D. Domeni-
ghini); Legnano (C. Castelli); Mariano Comense (E. Moroni);
Milano Fondazione Don Gnocchi (E. Gara); Milano Ospedale
Sacco Medicina (S. Guzzetti, S. Muzzupappa, M. Turiel, E. Cap-
piello, G. Sandrone); Milano Ospedale Niguarda II Cardiologia
(F. Recalcati); Milano Pio Albergo Trivulzio (D. Valenti); Mon-
za (F. Achilli, A. Vincenzi); Passirana (F. Rusconi, M. Palvarini);
Pavia Policlinico San Matteo (S. Ghio, A. Fontana, A. Giusti, L.
Scelsi, R. Sebastiani, M. Ceresa); Pavia IIAARR S. Margherita
(A. Ferrari); Saronno (D. Nassiacos, S. Meloni); Seriate (T. Ni-
coli); Sondalo (P. Bandini); Tradate Fondazione Maugeri (R. Pe-
dretti, M. Paolucci); Tradate Ospedale di Circolo Galmarini (L.
Amati, M. Ravetta); Varese Ospedale di Circolo (F. Morandi, S.
Provasoli); Varese Ospedale di Circolo Medicina (A. Bertolini,
D. Imperiale, W. Agen); Vizzolo Predabissi (E. Planca, P. Quor-
s0); PA. di Trento Rovereto (A. Ferro); Rovereto Medicina (C.
Pedrolli); Veneto Belluno (P. Russo, L. Tarantini); Castelfranco
Veneto (G. Candelpergher); Conegliano Veneto (P.P. Cannaroz-
z0); Feltre (F. De Cian, A. Agnoli); Montebelluna (M.G. Stefa-
nini); Padova (L. Cacciavillani, G.M. Boffa); Pieve di Cadore (L.
Mario); Treviso (G. Renosto, P. Stritoni); Vicenza (L. Varotto, M.
Penzo); Villafranca (G. Perini); Friuli Venezia Giulia Gorizia (G.
Giuliano); Monfalcone (E. Barducci); San Vito al Tagliamento
(R. Piazza); Udine Ospedale S.M. della Misericordia (M.C. Al-
banese, C. Fresco); Udine Casa di Cura (F. Picco, P. Venturini);
Liguria Arenzano (A. Camerini, R. Griffo); Genova Ospedali
Galliera (G. Derchi, L. Delfino); Genova-Sestri Ponente (L. Piz-
zorno); Genova Ospedale S. Martino (S. Mazzantini, F. Torre);
Rapallo (S. Orlandi); Sarzana (D. Bertoli); Sestri Levante (A.
Gentile); Emilia Romagna Bologna Poliambulatorio Tiarini (F.
Naccarella, M. Gatti, M. Coluccini); Forli (G. Morgagni); Mo-
dena Ospedale Sant’ Agostino (G. Alfano); Modena Policlinico
(L. Reggianini, S. Sansoni); Parma (W. Serra); Piacenza (F. Pas-
serini); Riccione (P. Del Corso, L. Rusconi); Rimini (M. Marza-
loni, M. Mezzetti), Scandiano (G.P. Gambarati); Toscana Ca-
stelnuovo Garfagnana (P.R. Mariani, C. Volterrani); Empoli (F.
Venturi); Firenze Ospedale S.M. Nuova (G. Zambaldi); Firenze
Ospedale Nuovo San Giovanni di Dio (G. Casolo); Firenze
Azienda Ospedale Careggi (G. Moschi); Fucecchio (A. Geri
Brandinelli); Grosseto (G. Miracapillo); Lucca (A. Boni); Pescia
(G. Italiani, W. Vergoni); Pisa Ospedale S. Chiara (A.M. Paci);
Pontedera (F. Lattanzi, B. Reisenhofer); San Giovanni Valdarno
(D. Severini, T. Taddei); Viareggio (A. Dalle Luche, A. Comel-

897

la); Umbria Foligno (U. Gasperini); Gubbio (M. Cocchieri); Pe-
rugia Monteluce (G. Alunni, E. Bosi, R. Panciarola); Spoleto (G.
Maragoni, G. Bardelli); Marche Ancona Ospedale Sestilli (P. Te-
starmata); Ancona Ospedale Lancisi Centro Medicina Sociale
(L. Pasetti, A. Budini); Ancona Ospedale Lancisi II Cardiologia
(D. Gabrielli); Camerino (B. Coderoni); Lazio Albano Laziale
(P. Midi); Grottaferrata (C. Romaniello); Roma INRCA (D. Del
Sindaco, F. Leggio); Roma Ospedale Forlanini (A. Terranova);
Roma Ospedale San Camillo II Cardiologia (G. Pulignano); Ro-
ma Ospedale San Camillo Servizio (F. Pozzar); Roma Ospedale
San Filippo Neri (G. Ansalone, B. Magris, P. Giannantoni); Ro-
ma Ospedale San Giovanni (G. Cacciatore, G. Bottero, G. Scaf-
fidi); Roma Ospedale Sandro Pertini (C. Valtorta, A. Salustri);
Roma Ospedale S. Eugenio (F. Amaddeo, G. Barbato); Roma
Ospedale Santo Spirito (N. Aspromonte); Roma Ospedale Cristo
Re (V. Baldo, E. Baldo); Abruzzo Popoli (C. Frattaroli, A. Ma-
riani); Vasto (G. Di Marco, G. Levantesi); Molise Larino (A.P.
Potena), Termoli (N. Colonna, A. Montano); Campania Napoli
Ospedale Monaldi Medicina (P. Sensale, O. Maiolica); Napoli
Ospedale San Gennaro (A. Somelli); Nola (F. Napolitano, P.
Provvisiero); Oliveto Citra (P. Bottiglieri); Puglia Bari Policlini-
co (N. Ciriello); Brindisi (E. Angelini, C. Andriulo); Casarano
(F. De Santis); Francavilla Fontana (F. Cocco); Galatina Medici-
na (A. Zecca); Gallipoli (A. Pennetta, F. Mariello); Lecce Ospe-
dale Fazzi (F. Magliari, A. De Giorgi, M. Callerame); Mesagne
(V. Santoro); San Pietro Vernotico (S. Pede, A. Renna); Scorra-
no (O. De Donno, E. De Lorenzi); Taranto Ospedale SS. Annun-
ziata (G. Polimeni, V.A. Russo); Tricase (R. Mangia); Basilicata
Policoro (L. Truncellito); Calabria Belvedere Marittimo (F.P.
Cariello); Catanzaro Policlinico Servizio (M. Affinita); Catanza-
ro Policlinico Divisione (F. Perticone, C. Cloro, D. Borelli); Ce-
traro (M. Matta, D. Lopresti); Cosenza Ospedale dell’ Annunzia-
ta (G. Misuraca, R. Caporale); Cosenza Ospedale dell’ Annun-
ziata Medicina (P. Chiappetta); Reggio Calabria Ospedale Mo-
relli (E. Tripodi, F. Tassone); Rossano (S. Salituri); Siderno (C.
Errigo); Trebisacce (G. Meringolo, L. Donnangelo); Sicilia Avo-
la (G. Canonico); Catania Ospedale Cannizzaro (R. Coco, M.
Franco); Messina Ospedale Papardo (A. Coglitore, A. Donato);
Messina Ospedale Piemonte (G. Di Tano); Messina Policlinico
(D. Cento, C. de Gregorio); Palermo Casa Del Sole (M. Mon-
giovi); Palermo Ospedale Buccheri La Ferla FBF (A.M. Schilla-
ci); Palermo Ospedale Civico (U. Mirto); Palermo Ospedale In-
grassia (F. Clemenza); Palermo Villa Sofia (F. Ingrilli); Piazza
Armerina (A. Cavallaro, B. Aloisi); Trapani (G. Ledda, C. Riz-
70); Sardegna Cagliari Brotzu (M. Porcu, S. Salis, L. Pistis); Ca-
gliari Ospedale SS. Trinita (G. Pili, S. Piras); Nuoro (I. Maoddi);
Sassari (F. Uras).
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