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Abstract
Background Multiple left ventricular pacing strategies have been suggested for improving response to cardiac resynchronization
therapy (CRT). However, these programming strategies may sometimes entail accepting configurations with high pacing thresh-
old and accelerated battery drain.We assessed the feasibility of predefined pacing programming protocols, and we evaluated their
impact on device longevity and their cost-impact.
Methods We estimated battery longevity in 167 CRT-D patients based on measured pacing parameters according to multiple
alternative programming strategies: single-site pacing associated with lowest threshold, non-apical location, longest interven-
tricular delay, and pacing from two electrodes. To determine the economic impact of each programming strategy, we applied the
results of a model-based cost analysis using a 15-year time horizon.
Results Selecting the electrode with the lowest threshold resulted in a median device longevity of 11.5 years. Non-apical pacing and
interventricular delaymaximizationwere feasible inmost patients andwere obtained at the price of a fewmonths of battery life. Device
longevity of > 10 years was preserved in 87% of cases of non-apical pacing and in 77% on pacing at the longest interventricular delay.
The mean reduction in battery life when the second electrode was activated was 1.5 years. Single-site pacing strategies increased the
therapy cost by 4–6%, and multi-site pacing by 12–13%, in comparison with the lowest-cost scenario.
Conclusions Modern CRT-D systems ensure effective pacing and allow multiple optimization strategies for maximizing service
life or for enhancing effectiveness. Single- or multi-site pacing strategies can be implemented without compromising device
service life and at an acceptable increase in therapy cost.
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1 Introduction

There is conclusive evidence of both short- and long-term
benefits of cardiac resynchronization therapy (CRT) in symp-
tomatic chronic heart failure patients with optimal medical
treatment, severely depressed ejection fraction, and left bundle

branch block [1]. However, as with most other treatments,
there is a spectrum of response to CRT, and a substantial
minority of patients experience little or no symptomatic im-
provement after CRT.

Suboptimal positioning of the left ventricular (LV) lead has
been suggested as one of the possible causes of nonresponse
[2]. According to the multicenter automatic defibrillator im-
plantation trial-cardiac resynchronization therapy (MADIT-
CRT) trial, CRT patients with the LV lead in basal or mid-
ventricular positions of the LV have a lower risk of heart
failure and death than patients with the lead in apical positions
[3]. In addition, it has been demonstrated that pacing from the
site of maximum electrical delay further contributes to im-
proving patient outcomes [4–6], and current guidelines advo-
cate targeting the regions of latest activation [1]. Quadripolar
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LV leads have become the standard of care in CRT. The avail-
ability of multiple pacing options allows the implanter to man-
age such issues as phrenic nerve stimulation (PNS) and high
pacing capture threshold (PCT), and multiple options of basal
electrodes increase the chances of effectively pacing non-
apical LV segments and regions of latest activation. In addi-
tion, CRT devices with quadripolar LV leads may carry out
pacing from two electrodes of the lead, in order to improve
CRT response by simultaneously recruiting a larger volume of
myocardium. However, pacing through electrodes positioned
at non-apical sites or sites of latest activation, as well as the
addition of a second LV pacing channel, may sometimes entail
accepting configurations with high PCT and accelerated bat-
tery drain.

In the current study, we sought to assess the feasibility of
predefined pacing programming protocols for CRT optimiza-
tion in current clinical practice and to evaluate their impact on
device longevity. We also estimated the cost-impact of each
programming strategy in the light of the possible reduction in
device longevity.

2 Methods

2.1 Patient selection and device implantation

Consecutive patients in whom a CRT-D system had suc-
cessfully been implanted were enrolled from January
2017 to November 2018. The study was approved by
the Local Ethics Committee and informed consent was
obtained from all patients. Baseline evaluation included
demographics and medical history, clinical examination,
12-lead electrocardiogram, and echocardiographic evalua-
tion. All patients in the present analysis underwent im-
plantation of a Resonate HF (Boston Scientific Inc.,
Natick, MA) CRT-D, by means of standard techniques.
Atrial leads were routinely implanted in the right atrial
appendage, and right ventricular (RV) leads in the right
apex. A quadripolar LV lead was used in all patients. The
leads adopted in this series were the Acuity X4 Spiral and
Straight (Boston Scientific). The Acuity X4 Spiral has a
3-dimensional helix fixation design, while the Acuity X4
Straight has a straight lead body. The number of program-
mable pacing vectors for Boston Scientific systems is 17.
The choice of the lead model was left to the discretion of
the implanting physician. The target for LV lead position-
ing was a lateral or posterolateral branch of the coronary
sinus. Postimplantation fluoroscopic images in at least 2
orthogonal views (left anterior oblique, 20 ° to 40 °, and
right anterior oblique, 20 ° to 40 °) were evaluated in
order to locate the final position of each electrode of the
LV lead. The evaluation was centrally performed, and the
positions on the LV surface were categorized as basal,

mid-ventricular, or apical on the LV “long axis,” and as
anterior, lateral, or posterior on the LV “short axis” [7, 8].

2.2 Assessment of electrical performance

The PCT and the presence of PNS at 7.5 V or less were
assessed for each electrode, in either a bipolar or unipolar
configuration. All electrical testing used a 0.5 ms pulse width.
In this analysis, a pacing configuration was considered accept-
able if the PNS-PCT difference, i.e., difference between low-
est pacing amplitude for PNS and the PCT, was greater than
2 V [9]. The conduction time from the RV-to-LV pacing site
was measured as the time interval between spontaneous peak
R waves of the same QRS complex for each electrode of the
LV lead (tip, ring 2, ring 3, ring 4). An RV-to-LV cut-off value
of 80 ms was considered, since in previous studies, it best
predicted the outcome [4, 10]. All PCTand RV-to-LVintervals
were automatically measured by means of the defibrillator at
the time of pre-discharge visit. Pre-discharge optimization of
pacing parameters was based on clinical evaluation by the
attending physicians.

2.3 Estimation of battery longevity

For each patient, battery longevity was estimated by means of
the online Boston Scientific Longevity Calculator (http://
www.bostonscientific.com/en-EU/medical-specialties/
electrophysiology/device-longevity/longevity-calculator.
html), which is based on measured right atrial, right
ventricular and LV lead impedance, and programmed right
atrial and right ventricular pacing output. We considered an
atrio-biventricular pacing mode for patients in sinus rhythm,
and a ventricular-only pacing mode for patients in permanent
atrial fibrillation who did not receive an atrial lead. Additional
assumptions were made in agreement with the conditions re-
ported in the device manual for longevity projections [11]:
lower rate limit set at 60 beats/min, rate response activated,
15% atrial pacing, 100% biventricular pacing, two shocks/
capacitor reformations per year, collection of electrograms
always on, and remote monitoring activated. In order to eval-
uate the longevity associated with different LV pacing pro-
gramming strategies, we simulated single-site LV pacing
through the electrode (cathode) associated with: (1) lowest
PCT, (2) lowest PCT at a non-apical segment, (3) longest
RV-to-LV delay, and (4) highest PCT (as worst-case scenario).
These configurations were also tested whenmulti-site LV pac-
ing was activated. The second electrode was selected on the
basis of the maximal anatomical separation of pacing sites
[12]. An LV pacing output of PCT + 1 V was considered for
all simulations (i.e., the nominal setting of the LV automatic
threshold feature). For the purpose of simplification, for each
electrode used as the cathode, we considered the results ob-
tained on selecting the pacing vector (cathode-anode couple)
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that yielded the best electrical performance, which was de-
fined as the largest PNS-PCT difference. In addition to the
previous estimations, which were made according to the bat-
tery capacity of Boston Scientific Resonate family devices (1.
9 Ah), calculations were repeated by simulating a device with
a 1.0 Ah capacity.

2.4 Cost analysis

To determine the economic impact of each LV pacing pro-
gramming strategy, we applied the results of a published
model-based cost analysis to a 15-year time horizon [13].
The longevity model is a tool for calculating the costs associ-
ated with CRT-D therapy, according to varying device longev-
ities in a “real-world” clinical practice setting. The Model
assumes that, other patients’ characteristics being equal, the
longer the device longevity, the lower the number of device
replacements that patients will face during their lifetime. The
cost analysis is undertaken from a hospital perspective. Inputs
include the cost of devices, procedures (first implant and re-
placement), follow-up visits, and management of complica-
tions, such as infections and lead malfunction/dislodgement.
Device costs were assessed on the basis of mean hospital
prices across European countries. As far as the other
healthcare resources are concerned, costs were defined by a
consensus of experts. The patients’ expected survival, fre-
quency of complications, as well as the range for the proba-
bility of re-implant procedure after infection, was derived
from published studies.

We used the patients’ clinical parameters to identify the
appropriate clinical scenario in the analysis. Thus, we assessed
the relative increase in CRT-D cost due to the reduction in
device longevity in comparison with the maximum attainable
longevity as a reference (i.e., obtained by programming
single-site LV pacing through the electrode associated with
the lowest PCT).

3 Statistical analysis

Descriptive statistics are reported as means ± standard de-
viations for normally distributed continuous variables or
medians with ranges in the case of skewed distribution.
Categorical data were expressed as percentages.
Differences between mean data were compared by means
of a t test for Gaussian variables and by Wilcoxon’s non-
parametric test for non-Gaussian variables. A P value <
0.05 was considered significant for all tests (adjusted for
multiple testing by Bonferroni correction). All statistical
analyses were performed by means of STATISTICA soft-
ware, version 7.1 (StatSoft, Inc.).

4 Results

4.1 Study population

A total of 167 consecutive heart failure patients underwent
successful CRT-D implantation and were included in the anal-
ysis. Table 1 shows baseline clinical variables. One-hundred
twenty (72%) patients received an Acuity X4 Spiral lead and
47 (28%) a Straight LV lead.

4.2 Location of pacing electrodes and electrical
performance

The distribution of all available pacing electrodes (1 distal tip
and 3 proximal rings) of the LV leads over the LV segments is
depicted in Fig. 1. Overall, the median number of pacing vec-
tors (cathode-anode couples) with an acceptable pacing con-
figuration (i.e., PNS-PCT difference > 2 V) was 16 [from 6 to
17]. The mean PCTwas 1.5 ± 1.0 Vat the tip electrode, 1.6 ±
1.1 Vat ring 1, 1.9 ± 1.2 Vat ring 2, 2.2 ± 1.2 Vat ring 3, and
1.3 ± 1.0 V at the best proximal ring (p = 0.008 versus distal
tip). The number of patients with cathodes associated with a
PNS-PCT safety margin > 2 V at any segments and at non-
apical segments is reported in Fig. 2. The RV-to-LV delay
measured at the different electrodes ranged from 68 ± 46 ms
to 88 ± 41 ms. The number of patients with LV pacing elec-
trodes associated with an RV-to-LV interval > 80 ms and with
a PNS-PCT safety margin > 2 V is also reported in Fig. 2. The

Table 1 Demographics and baseline clinical parameters of the study
population

Parameter (n = 167)

Male gender, n (%) 130 (78)

Age, years 71 ± 10

Ischemic heart disease, n (%) 83 (50)

QRS duration, ms 157 ± 23

NYHA class

- Class II, n (%) 90 (54)

- Class III, n (%) 77 (46)

History of atrial fibrillation, n (%) 33 (20)

Hypertension, n (%) 108 (65)

Diabetes, n (%) 51 (31)

Chronic kidney disease, n (%) 50 (30)

Chronic obstructive pulmonary disease, n (%) 32 (19)

LVejection fraction, % 29 ± 6

LVEDV, ml 190 ± 72

LVESV, ml 133 ± 63

NYHA=New York Heart Association; LV = Left ventricular; LVEDV=
Left ventricular end-diastolic volume; LVESV =Left ventricular end-sys-
tolic volume
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LVelectrode associated with the lowest PCT was located at a
non-apical segment in 142 (85%) patients, while it was asso-
ciated with the longest RV-to-LV delay in 41 (25%) patients.
Activation of a second electrode for multi-site LV pacing was
feasible in 166 (99%) patients (i.e., patients with at least two
cathodes with PNS-PCT difference > 2 V).

4.3 Battery longevity according to the pacing
programming strategy

The comparison of estimated device longevity values associ-
ated with different LV pacing programming strategies is
depicted in Fig. 3. By modifying the pacing electrode for
single-site LV pacing, the estimated longevity ranged from
10.0 ± 1.5 years to 11.5 ± 0.8 years, with a maximum differ-
ence of 1.5 ± 1.3 years. Pacing at a non-apical segment result-
ed in a mean longevity reduction of 0.4 ± 0.5 years versus
pacing at the electrode with the lowest PCT (p < 0.001). In
146 (87%) patients, at least one pacing configuration allowed
a non-apical segment to be paced, while preserving a

longevity greater than 10 years. Similarly, a pacing configu-
ration associated with the longest RV-to-LV delay resulted in a
mean longevity reduction of 0.9 ± 1.7 years versus pacing at
the electrode with the lowest PCT (p < 0.001). Pacing at the
longest RV-to-LV delay was achievable in 129 (77%) patients,
ensuring a longevity greater than 10 years.

Activation of a second electrode for multi-site LV pacing
reduced the estimated longevity. The best achievable longev-
ity with multi-site LV pacing activated was 9.7 ± 1.6 years.
The estimated longevity for all tested configurations with the
second electrode activated for the maximal anatomical sepa-
ration of pacing sites is reported in Fig. 3. The mean reduction
in projected longevity on activating the second electrode was
1.5 ± 1.1 years over all configurations (p < 0.001).

4.4 Cost-impact of LV pacing programming strategies

The calculated reduction in device longevity associated with
each single- and multi-site LV pacing programming strategy
was used to estimate the percentage increase in therapy cost in

Fig. 1 Distribution of all
available pacing electrodes (1
distal tip and 3 proximal rings)
over the LV segments

Fig. 2 Number of patients
presenting acceptable pacing
configurations (i.e., PNS-PCT
difference > 2 V) with cathodes at
any segments, at non-apical
segments, and with RV-to-LV
interval > 80 ms.
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relation to the lowest-cost scenario (i.e., single-site LV pacing
at site with lowest PCT). Our modeling results are reported in
Fig. 4. Pacing at a non-apical segment increased the therapy
cost by 4 ± 8%, while pacing at the longest RV-to-LV delay
increased it by 6 ± 9% (p < 0.001, non-apical versus longest
RV-to-LV delay pacing). The maximum percentage increase
in therapy cost on single-site pacing was 10 ± 11%. The cost
increase on activating multi-site LV pacing ranged from 12 ±
11% to 19 ± 16%, with no significant differences between
programming strategies (non-apical versus longest RV-to-LV
delay pacing).

4.5 Additional analyses

The results of the longevity estimation on considering
each single- and multi-site LV pacing programming strat-
egy for a device with a 1.0 Ah capacity are reported in
Online Fig. 1. When single-site pacing was programmed
in these devices, the maximum percentage increase in
therapy cost was 17 ± 9%; when multi-site LV pacing
was activated, the maximum cost increase was 23 ± 9%
(both p < 0.001 versus 1.9 Ah devices). As a reference,
the cost increase engendered by choosing a 1.0 Ah capac-
ity device instead of a 1.9 Ah device was 44 ± 8% (on
comparing lowest-cost programming scenarios).

5 Discussion

In the present study, we have shown that modern CRT-D systems
endowed with quadripolar LV leads and high-performance bat-
tery technology ensure effective pacing and allow multiple opti-
mization strategies for maximizing the service life of the device
or for enhancing the effectiveness of the therapy. Moreover,
single- or multi-site pacing strategies for optimal CRT can be
implemented without compromising device service life and with
an acceptable increase in therapy cost.

Quadripolar LV leads were developed in order to provide
greater choice in lead placement location and device program-
ming, thereby enabling high PCT and PNS to be prevented. It
was first demonstrated that the quadripolar technology result-
ed in low rates of PNS and dislocations on short-term [14],
medium-term [15], and long-term follow-up [16].
Subsequently, it was also shown to be associated with lower
hospitalization rates and greater cost-effectiveness [17].

The present study confirmed the programming flexibility
of quadripolar leads and their ability to allow multiple optimi-
zation strategies. The number of pacing vectors with an ac-
ceptable pacing configuration was high, and this enabled most
of our patients to be paced at multiple sites, and, particularly,
in non-apical regions. Our results confirm previous findings of
the NAVIGATE X4 clinical trial, which documented lower
PCT at proximal electrodes than at the distal electrode [18].

Fig. 3 Comparison of estimated
device longevity values
associated with different single-
and multi-site LV pacing
programming strategies

Fig. 4 Modeling results of
percentage increase in therapy
cost with respect to the lowest-
cost scenario (i.e., single-site LV
pacing at site with lowest PCT),
associated with each single- and
multi-site LV pacing
programming strategy
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Indeed, most patients in that trial had received a spiral LV lead
and, as previously shown in the left ventricular three-
dimensional quadripolar lead acute clinical (LILAC) study
[19], a spiral design ensures optimal electrode-myocardium
contact, at least at one proximal electrode, and results in ac-
ceptable PCT, regardless of the distal or proximal positioning
of the lead or the size of the vein.

The choice of the active LV electrode in CRT may be ori-
ented either to minimizing the pacing output, in order to pro-
long battery life, or to stimulating the optimal pacing site, in
order to increase the chances of a positive response to therapy
[20]. On the basis of substantial clinical evidence [3, 21],
current guidelines advocate avoiding apical LV pacing in
CRT (class of recommendation IIa) and suggest targeting the
regions of latest activation (class of recommendation IIb) [1].
In our study, apical pacing was effectively avoided in all but
one patient, because at least one cathode with acceptable pac-
ing parameters was located at basal or mid-segments.
Moreover, quadripolar leads allowed the RV-to-LV delay to
be maximized bymeans of specific programming of the active
LVelectrode. Stimulation at the site of the longest delay con-
fers clinical benefits, including alleviation of symptoms, lower
rates of heart failure hospitalization, and cardiac remodeling
[4–6, 10, 20]. In previous studies, the RV-to-LV cut-off value
that best predicted outcome was 80 ms [4, 5], and in the
present study we found that an optimal RV-to-LV delay was
achievable in the majority of patients.

Early experiences support the finding that multi-site LV
pacing improves acute response in comparison with conven-
tional biventricular pacing [22], and data from a multicenter
registry showed an increase in ejection fraction and clinical
response over medium-term follow-up [23]. Although current
guidelines recommend that additional larger randomized trials
with long-term clinical follow-up be conducted in order to
determine the real value of this pacing modality [1], in the
present study, we showed that multi-site LV pacing was gen-
erally achievable when the electrodes were selected on the
basis of the maximal anatomical separation of pacing sites
[12, 24].

Recent-generation CRT-Ds have proved to display greater
longevity than those of earlier generations. Moreover, marked
differences have emerged among currently available CRT-D
systems from different manufacturers [25, 26]. Devices with
latest-generation high-capacity batteries not only allow the
possible replacement procedure to be postponed but also, in
many cases, increase the proportion of patients who do not
need a replacement at all, and who thus receive a lifetime
CRT-D system [27]. In our study, selecting the electrode with
the lowest PCT resulted in a median longevity of 11.5 years,
i.e., a value that in most cases will overcome the mismatch
between patient longevity and service life [28].

Modern CRT-D devices are endowed with several algo-
rithms and features that may have a considerable impact on

device longevity [11]. Since the LV pacing output is the
greatest determinant of device longevity [25, 27], in the pres-
ent study, we analyzed the possible impact on longevity of
each pacing programming strategy. According to our results,
non-apical LV pacing and pacing at the longest RV-to-LV
delay can be obtained at the price of a few months of battery
life; device longevity of at least 10 years is preserved in 87%
of cases of non-apical LV pacing and in 77% on pacing at the
longest RV-to-LV delay. The decrease in device longevity is
greater when multi-site pacing is enabled. Indeed, in our
study, the mean reduction in battery life when the second
electrode was activated was 1.5 years, while the variability
in longevity values among multi-site programming options
was limited. Nonetheless, the mean longevity when multi-
site pacing was activated was definitely acceptable for the
devices in analysis, being generally longer than 9 years.
This result compares well with previously published data.
Indeed, in a study on the performance of devices equipped
with 1.6Ahbatteries,Akerstromet al. [29] estimated longev-
ity values of about 8 years only in the group of patients pre-
senting very good PCT (i.e., ≤ 1.5 V) and values as low as
7 years when multi-site pacing was activated in the overall
study group with higher PCT. We also calculated very low
values of estimated longevity (lower than 5 years) when we
simulated the performance of 1 Ah battery technology. This
explains why manufacturers who adopt this technology ex-
plicitly include a cautionary statement in the device manual,
recommending not to program a dual-site LVpacing polarity
unless there is evidence that the patient is not responding to
single-site LV pacing [11]. Currently available devices have
capacities ranging from 1 to 2.0 Ah, and a larger battery
capacity has proved to be associated with prolonged device
longevity in clinical use [11, 25]. Our findings add that lower
battery capacities also place limits on the freedom to adopt
optimization solutions.

The cost of device therapy is not only attributable to the
cost of the initial implantation but also to the cost of device
replacements and associated complications [13, 28].
Extending longevity therefore reduces costs due to device
replacements, hospitalizations, and complications. Indeed, as
demonstrated by a model-based study, it has an important
effect on the long-term cost of device therapy [13]. As shown
above, the adoption of different programming strategies has
an impact on battery longevity. We therefore estimated the
cost-impact of each strategy. Our modeling results show that
single-site pacing strategies increase the therapy cost by 4–
6%, and multi-site pacing by 12–13%, in comparison with
the lowest-cost scenario. Nevertheless, it must be considered
that an optimized stimulation is expected to result in a better
patient’s outcome and possibly in a lower number of clinical
events, with consequent lower costs for healthcare resources
employed. This could balance the increase in therapy cost that
we estimated.
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In this analysis, we also confirmed that, when the 1.0 Ah
capacity technology is considered, the therapy cost markedly
increases (+ 44% versus 1.9 Ah devices), and this may have a
major economic impact on the perspectives of the hospital and
the healthcare system [30–32]. Interestingly, we also observed
that, with 1.0 Ah CRT-Ds, the increase in therapy cost associ-
ated with pacing optimization was higher than that observed
with 1.9 Ah devices (17% versus 10% for single-site, and 23%
versus 19% for multi-site LV pacing strategies). This suggests
that, for short-lasting devices, not only is the absolute therapy
cost higher but also the adoption of specific pacing strategies
may engender additional higher costs.

5.1 Limitations

This study has some potential limitations. (1) It was a non-
randomized observational study and, as such, may have been
subject to selection bias and confounders. However, all pa-
tients included were consecutive. (2) The number of patients
involved in the present study was small. (3) Although a pre-
vious study showed that longevity projections were consistent
and conservative [27], their long-term validity requires confir-
mation. (4) Our economic analysis was based on a published
model-based cost analysis [13]; thus, the cost-impact analysis
is at best an approximation, and the results may not be trans-
ferable to other scenarios.

6 Conclusions

Modern CRT-D systems endowed with quadripolar LV leads
and high-performance battery technology ensure effective
pacing and allow multiple optimization strategies for maxi-
mizing service life or for enhancing the effectiveness of ther-
apy. Moreover, single- or multi-site pacing strategies for opti-
mal CRT can be implemented without compromising device
service life and at an acceptable increase in therapy cost.
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Appendix

List of participating centers and investigators

AORN - OSPEDALE DEI COLLI - P.O. MONALDI -
NAPOLI: A. D’Onofrio, V. Bianchi, V. Tavoletta;
ARCISPEDALE S. ANNA - FERRARA: M. bertini, M.
Malagù; OSPEDALE S. ANNA - CATANZARO: T.
Infusino; OSPEDALI RIUNITI DI FOGGIA - FOGGIA: G.
D’Arienzo, L. C. Ziccardi, A. Nardella, R. Petrucci, L.

D’Arienzo, A. Ricco; AOU RIUNITI - TORRETTE DI
ANCONA: A. Capucci, L. Cipolletta, M. Luzi; P.O.
MUSCATELLO - AUGUSTA (SR): G. Licciardello, G.
Busacca; OSPEDALE SAN GIOVANNI BATTISTA -
FOLIGNO: G. Savarese, C. Andreoli; OSPEDALE S.
LEONARDO - CASTELLAMMARE DI STABIA (NA): G.
Russo, S. Mennella, R. Chianese, E. Zingone; CAMPUS
BIOMEDICO - ROMA: D. Ricciardi, V. Calabrese; A.O.
UNIVERSITARIA S. GIOVANNI DI DIO E RUGGI
D’ARAGONA - SALERNO: M. Manzo, C. Esposito, F.
Esposito, D. Ferraioli, F. Franculli; OSPEDALE INFERMI -
RIMINI: F. Fabbri, D. Saporito; P.O. ZONA ARETINA
OSPEDALE S . DONATO - AREZZO (AR) : P.
Notarstefano, M. Nesti, A. Fraticelli, R. Guida, A. Fabiani;
OSPEDALE G.B. GRASSI - OSTIA (RM): L. Santini, F.
Ammira t i , K. Mahfouz, V. Schir r ipa ; CLINICA
MEDITERRANEA S.P.A. - NAPOLI: G. Stabile, A.
Iu l i ano ; OSPEDALE CIVILE DI VOGHERA -
VOGHERA: P. Broglia, C. Bosatra; OSPEDALE VITO
FAZZI - LECCE: E. Pisanò; NUOVO OSPEDALE S.
STEFANO - PRATO: T. Giovannini, F. Frascarelli;
OSPEDALE CIVILE CIVITANOVA MARCHE (MC): D.
Spagnolo; AZIENDA UNIVERSITARIA POLICLINICO
UMBERTO I - ROMA: A. Piro, C. Lavalle; OSPEDALE
SS.TRINITA’ - BORGOMANERO: S. Maffé; OSPEDALE
G. PANICO - TRICASE: P. Palmisano, M. Accogli;
CLINICA MONTEVERGINE - MERCOGLIANO (AV): F.
Solimene; OSPEDALE SACCO - MILANO: G.B. Forleo, L.
Lombardi; Ospedale S. CROCE e CARLE - CUNEO: E.
Menardi; OSPEDALE CAMPO MARTE - LUCCA: D.
Giorgi.
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