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Aims The HomeGuide Registry was a prospective study (NCT01459874), implementing a model for remote monitoring of
cardiac implantable electronic devices (CIEDs) in daily clinical practice, to estimate effectiveness in major cardiovas-
cular event detection and management.

Methods
and results

The workflow for remote monitoring [Biotronik Home Monitoring (HM)] was based on primary nursing: each patient
was assigned to an expert nurse for management and to a responsible physician for medical decisions. In-person visits
were scheduled once a year. Seventy-five Italian sites enrolled 1650 patients [27% pacemakers, 27% single-chamber
implantable cardioverter defibrillators (ICDs), 22% dual-chamber ICDs, 24% ICDs with cardiac resynchronization
therapy]. Population resembled the expected characteristics of CIED patients. During a 20+13 month follow-up,
2471 independently adjudicated events were collected in 838 patients (51%): 2033 (82%) were detected during
HM sessions; 438 (18%) during in-person visits. Sixty were classified as false-positive, with generalized estimating
equation-adjusted sensitivity and positive predictive value of 84.3% [confidence interval (CI), 82.5–86.0%] and
97.4% (CI, 96.5–98.2%), respectively. Overall, 95% of asymptomatic and 73% of actionable events were detected
during HM sessions. Median reaction time was 3 days [interquartile range (IQR), 1–14 days]. Generalized estimating
equation-adjusted incremental utility, calculated according to four properties of major clinical interest, was in favour
of the HM sessions: +0.56 (CI, 0.53–0.58%), P , 0.0001. Resource consumption: 3364 HM sessions performed (76%
by nurses), median committed monthly manpower of 55.5 (IQR, 22.0–107.0) min × health personnel/100 patients.

Conclusion Home Monitoring was highly effective in detecting and managing clinical events in CIED patients in daily practice with
remarkably low manpower and resource consumption.
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Introduction
Remote monitoring of cardiac implantable electronic devices
(CIEDs) has been suggested as a new standard for patient follow-up
and it has been accepted as an alternative to the majority of sched-
uled follow-up visits in the international guidelines.1,2 Expected
benefits include reduction of outpatient clinic workload, better
patient quality of life, improved implanted system surveillance, con-
tinuous patient monitoring to early detect harmful clinical events,
and to improve patient outcome. Some studies have demonstrated
favourable effects of remote monitoring on device and patient
management with potential benefits on clinical outcome,3– 7 but
few data are available in daily practice.8 Furthermore, introduction
of telemedicine in outpatient clinic for CIED patients needs deep
changes in workflow, but to date an optimal organizational
model is still to be defined.

The HomeGuide Registry is an Italian multicentre study,
designed to provide an organizational model for implementing
remote monitoring of CIEDs in daily clinical practice. The aim
was to estimate the effectiveness of device remote monitoring in
clinical event detection and management and to analyse the asso-
ciated outpatient clinical workload and impact on resource
consumption.

Methods
The HomeGuide Registry is an investigator-initiated, prospective, mul-
ticentre observational study (ClinicalTrials.gov identifier NCT01459874),
evaluating the effectiveness of an outpatient clinic workflow model
implementing remote monitoring for detection and management of
unselected cardiovascular events in patients with class I/II indications
for pacemaker (PM) or implantable cardioverter defibrillator (ICD),
either with or without cardiac resynchronization therapy (CRT). The
study was designed by a coordinating investigator and reviewed by a
steering committee, which included the study coordinator, five investiga-
tors, one representative nurse, one statistician, and one Biotronik repre-
sentative. HomeGuide was approved by an institutional review board
and conducted in 75 Italian sites recruiting patients after obtaining
written informed consent to study participation. Biotronik Italy offered
technical support but did not sponsor the study. The steering committee
members had direct access to and queried the study database.

Study design and objectives
The primary objective of the HomeGuide Registry was to collect and
document all major cardiovascular events (MCE; as better defined
below) that are normally observed and managed in the participating
outpatient clinics to assess the rate of the events that Home Monitor-
ing (HM) allowed to remotely detect and treat during patient follow-
up. The secondary objective was to measure healthcare source
consumption.

Eligible subjects were patients indicated to first implantation or
upgrade of PM or ICDs with or without CRT.

Remote monitoring was accomplished with the Biotronik HM
system (Biotronik SE & Co. KG) based on ultra-low power daily or
event-triggered transmissions in the MICS (Medical Implant Communi-
cation Service) band, from the implanted device to a mobile patient
unit, forwarding data via GSM (Global System for Mobile Communica-
tions) with GPRS (General Packet Radio Service) protocol to a Service
Centre with encrypted access.9,10

In this study, HM was routinely implemented in the outpatient clinics
of the participating sites according to an organizational model setting
roles, responsibilities, and workflow. This model (the HomeGuide
model) derived from a previous pilot experience8 and has been
accepted as a national standard by the Italian Association of Arrhyth-
mology and Cardiostimulation.11 The model is applicable to all the cur-
rently available remote monitoring systems. Yet, practical feasibility and
clinical effectiveness of such model have never been assessed on a
large-scale clinical trial.

HomeGuide model workflow of outpatient
clinics
The HomeGuide model is essentially based on a cooperative interaction
between the roles of an expert reference nurse and a responsible phys-
ician with an agreed list of respective tasks and responsibilities. Each
nurse–physician pair, within one outpatient clinic, is exclusively dedi-
cated to an assigned subgroup of remotely controlled patients.

Physicians’ and nurses’ tasks are detailed in the Figure 1 along with
action items and responsibilities. Centres underwent an extensive
training programme before starting study participation.

Home Monitoring transmissions were reviewed by the nurse within
two working days upon HM notifications of critical events flagged for
attention. In case of no alerts, patient data were checked every 3
months. Custom software was implemented to measure and record
the duration of all the HM sessions conducted by the nurse and the
physician.

Nurse communications to individual patients were triggered by: HM
transmission interruptions for more than 7 days, recall for an unsched-
uled in-clinic visit or a skipped scheduled in-clinic visit, assessment of
patient compliance, and clinic status after medical actions. In-clinic
visits were scheduled at post-implant discharge, at 1 month and then
once in a year. Cardiac resynchronization therapy patients only had
in-person visits every 6 months. Unscheduled in-clinic visits were
further classified in: visits required by the patients (including visits follow-
ing an emergency department admission) or triggered by HM notifica-
tions, reports, and trend reviews.

Event definition and classification
Major cardiovascular events were defined as any untoward cardiovas-
cular occurrence, disease or signs (including abnormal device findings)
faced in an outpatient CIED clinic whether or not related to the
implanted device. Such definition was broad enough to encompass a
large class of significant events, including arrhythmias, worsening
heart failure (HF), device-related complications, as well as events
that are not supposed to be detected by CIEDs or remotely transmit-
ted via HM (such as strokes or acute myocardial infarctions). From
early detection to final decision, MCEs were tracked by a custom
made software. When a MCE was a combination of multiple events,
a multiple diagnosis was allowed in the electronic case report forms.

Major cardiovascular events were classified by the investigators
according to specific guidelines developed by the steering committee,
according to the following properties:

† Source of information (HM session, in-person visit, or other
circumstances);

† Home Monitoring-witnessed: a MCE was considered as
HM-witnessed if HM is technically able to detect the event;

† Appropriateness of initial diagnosis;
† Absence of associated symptoms;
† Corrective action required.

Effectiveness of CIEDs in detection and treatment of major cardiovascular events 971



Investigators’ classifications were reviewed and adjudicated by an inde-
pendent five-member board, blinded to the investigational sites and
investigators.

Home Monitoring indexes of worsening
heart failure
The implanted study devices were equipped with several indexes for
HF monitor, depending on the device type and model. The Home-
Guide protocol did not provide reaction algorithm, programming or
threshold setting recommendations which were left to investigators’
discretion. Therefore, the results represent current standard practice
at the present stage of clinical experience and HM technology
development.

Sensitivity, positive predictive value and
expected utility of major cardiovascular
event detection by Home Monitoring
To provide estimates of sensitivity and PPV of HM event detection,
adjudicated MCEs were divided in: true-positive (events detected
during periodic or alert-triggered HM sessions); false-negative
(events actually occurred but not detected with HM for any reason);
false-positive (false events notified by automatic HM alerts and/or
misinterpreted).

Home Monitoring sensitivity and PPV were then estimated as usually
by the ratios of the number of true-positive events over the number of
true documented events and the number of events detected during

HM sessions, respectively. Estimates were reported as percentages
with the respective 95% confidence interval (CI) boundaries. General-
ized estimating equation (GEE) models were used to adjust sensitivity
and PPV estimates for within-individual repeated MCEs. Home Moni-
toring sensitivity was further estimated for specified subclasses of
MCEs. Deaths were excluded from calculations.

It is worth noting that the broad definition of MCE, assumed in the
HomeGuide Registry, and the particular characteristics of HM as a
diagnostic tool, may impair practical significance of sensitivity and
PPV. We therefore sought to develop an index, derived from the
expected utility concept normally used in Markov processes12 and
based on the rate of some properties of interest shown by MCEs.
The latter may in fact be considered as a measure of the utility of
the follow-up strategy by which the MCE was first detected (HM ses-
sions or in-person visits/other circumstances), and assumed as a score.
The sum of the products of the scores by the respective probabilities is
normally known as an expected utility value and can be easily esti-
mated for both monitoring strategies with experimental data. An incre-
mental utility (IU) index can be defined as the difference between the
respective expected utilities of both follow-up strategies returning a
numerical value in the (21, 1) range, that can be estimated with its
95% CI and tested against the hypothesis of IU ¼ 0 (with our assump-
tions, a positive IU value was in favour of a higher expected utility of
the HM strategy). Generalized estimating equation models may be
used as well to adjust for within-individual repeated events correlation.

In principle, calculations may be performed for each set of arbitrarily
chosen properties, or according to the clinical interest of the particular

PM/ICD implant/upgrade surgical procedure [EP]

HM and HomeGuide Registry Patient Informed Consent [RP]

Training on practical 
aspects of HM and 

mobile patient unit [RN]

HM activation 
[RN] 

Periodic screening of HM 
data and event 

notifications [RN] 

Critical event identification and submission to the RP [RN]

Patient recall for HM 
transmission resuming, 

unscheduled-HM 
triggered in-clinic visits, 
assessment of patient’s 
compliance to medical 

therapy [RN]

Critical event analysis, 
clinical evaluation and 
medical decision [RP]

Communications to 
general or other medical 
discipline practitioners

[RP]

Monitoring of medical decision effects [RN]

PM/ICD implant/upgrade surgical procedure [EP]

HM and HomeGuide Registry Patient Informed Consent [RP]

Training on practical 
aspects of HM and 

mobile patient unit [RN]

HM activation 
[RN] 

Periodic screening of HM 
data and event 

notifications [RN] 

Critical event identification and submission to the RP [RN]

Patient recall for HM 
transmission resuming, 

unscheduled-HM 
triggered in-clinic visits, 
assessment of patient’s 
compliance to medical 

therapy [RN]

Critical event analysis, 
clinical evaluation and 
medical decision [RP]

Communications to 
general or other medical 
discipline practitioners

[RP]

Monitoring of medical decision effects [RN]

Figure 1 HomeGuide model workflow with action items and responsibilities. EP, electrophysiology/cardiac pacing laboratory; ICD, implan-
table cardioverter defibrillator; HM, Home Monitoring; PM, Pacemaker; RN, responsible nurse; RP, responsible physician.
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aspect analysed. We considered a set of four properties: HM-
witnessed; correct initial diagnosis; asymptomatic events; corrective
action required (actionability). Expected utilities and IU were calcu-
lated with respect to this set of properties.

Statistics
The HomeGuide Registry was 90% powered to reject the null hypoth-
esis that sensitivity of HM MCE detection was ≤70% at an one-sided
test with a significance level of P ¼ 0.025. Simulations showed that a
priori assuming a sensitivity value of 75% would have required 844 adju-
dicated MCEs. With such a collection of MCEs it was also estimated
that there was a 97% power available to reject the null hypothesis
that the HM PPV was ≤80% assuming a PPV of 85%. It was then pre-
dicted that 55% of enrolled patients would have experienced one valid
MCE during at least follow-up of 1 year. With a hypothesized patient
dropout rate of 10%, the required population size was estimated in
1650 patients. The prediction of 55% MCE rate per patient proved
false, as it resulted remarkably higher at the end of the study. The
Steering Committee decided to terminate patient follow-up after the
target population was enrolled and the last patient in reached
the 3-month follow-up.

Continuous variable distributions were checked for normality with
the Shapiro–Wilk test and reported as mean+ SD if the normality hy-
pothesis could not be rejected. Median and interquartile range (IQR)
were used in the opposite case. Proportions were reported as percen-
tages along with the exact 95% CI. Statistical significance was set at P ¼
0.05 level. To account for the bias deriving from repeated MCEs in in-
dividual patients (¼unadjusted), HM sensitivity, PPV, and IU were
adjusted using GEE models with a first-order autoregressive correl-
ation. Generalized estimating equation-adjusted and unadjusted
values were reported. Stata 11.1 software package (StataCorp) was
used.

Results
On the whole, 1650 patients, mean age 69.5+11.4 years, 76% male,
were enrolled in 75 Italian centres (22 enrolments per site on average,
range 1–221) from March 2008 to September 2011. Almost one-fifth
of the patients actually implanted in the participating sites during
standard clinical practice were selected for enrolment, with similar
rates among implant types. Implanted devices were single-chamber
ICDs in 444 patients (27%), dual-chamber ICDs in 359 (22%),
cardiac resynchronization therapy defibrillators (CRT-D) devices in
399 (24%), single-chamber PMs in 4 (0%), dual-chamber PMs in 417
(25%), and cardiac resynchronization therapy pacemaker devices in
27 (2%). Among PM patients, sinus node dysfunction was the main in-
dication in 45%, atrioventricular block in 40%, vasovagal syncope in
8%, and HF requiring CRT in 6%. Among ICD patients, implant indi-
cation was primary prevention in 77%. Population baseline character-
istics and pharmacological therapies at implant are reported
in Tables 1 and 2, respectively. The majority of enrolled patients
(66%) had emergency department visits or hospitalizations because
of cardiovascular events within 1 year prior to device implantation.

During a mean follow-up of 20.4+12.6 months, 3364 HM ses-
sions were performed (74% by the nurse), during which 15 984
patient reports were reviewed. Each session had a median duration
of 5.5 (2.0–11.1) min to review three (1–6) patient reports, if con-
ducted by the nurse; and 4.6 (1.8–10.5) min to review two (1–4)
patient reports, if conducted by the physician. Overall, with the

HomeGuide model workflow, HM required a median manpower
of 55.5 (22.0–107.0) min × health personnel per month every
100 patients.

Two thousand four hundred seventy-one MCEs were detected
in 838 patients (51%), with a median of 2.0 (1.0–3.0) events each:
2033 events (82%) were detected during HM sessions, 165 (7%)
during in-person visits, and 273 (11%) in other circumstances.
False-positives were 60 (57 during HM sessions, 1 during in-person
visits, and 2 in other circumstances). The 2411 true-positive single
and multiple MCEs generated 2848 event classifications: 134
deaths; 5 strokes; 6 myocardial infarctions; 137 worsening HF epi-
sodes; 19 syncope episodes; 868 atrial arrhythmias; 612 sustained
or non-sustained ventricular arrhythmias; 318 effective/ineffective/
inappropriate ventricular therapies; 433 device-related issues; 8
pocket/device infections; and 351 other events. Further details
are provided in Table 3.

Among the 2411 true MCEs, 1976 events were detected during
HM sessions, resulting in an unadjusted sensitivity estimate of HM
in MCE detection of 81.9% (95% CI, 80.3–83.5%); GEE-adjusted,
84.3% (82.5–86.0%). Unadjusted HM positive predictive value
(PPV) was 97.2% (96.4–97.9%); GEE-adjusted, 97.4% (96.5–
98.2%). Among the 435 true events detected during in office
visits or in other circumstances, 262 (60%) were not witnessed
by HM, while 173 (40%) could have been potentially documented
by HM but they actually were not. Maximum unadjusted estimated
sensitivity of HM, including potentially HM-witnessed events, could
reach 89.1% (87.8–90.3%); GEE-adjusted, 91.3% (90.0–92.6%).
One thousand four hundred eighty-seven events detected during
HM sessions (75%) were asymptomatic, vs. 87 (20%) asymptomatic
events not detected during HM sessions. Seven hundred twenty-
three events detected during HM sessions (37%) were actionable,
vs. 262 (60%) of those detected not during HM sessions. On the
whole, 73% of actionable events were detected during HM ses-
sions with a median reaction time (defined as the period from de-
tection to clinical decision) of 3 days (IQR, 1–14 days). Reactions
to clinical events are reported in detail in Table 4 (events could
have required multiple reactions). Oral anticoagulation introduc-
tion, antiarrhythmic therapy starting or adjustment, b-blockers ti-
tration, and diuretic dosage increasing were the most commonly
reported drug therapy changes.

Incremental utility of HM, calculated according to four proper-
ties (HM witnessed, appropriate detection, asymptomatic events,
and actionability), was 0.53 (95% CI 0.51–0.55); GEE-adjusted,
0.56 (0.53–0.58) P , 0.0001. In Figure 2, GEE-adjusted HM sensi-
tivity, PPV and IU, as well as HM sensitivity estimates for each
group of MCEs are represented. Home Monitoring sensitivity
was .90% for atrial and ventricular arrhythmias and device-related
issues, while it was ,35% for stroke, syncope, and acute coronary
syndromes. An intermediate HM sensitivity value was found for
early detection of HF impairment (59%), with a maximum esti-
mated sensitivity of 87%.

Discussion
The main results of our study showed that using HM within the
HomeGuide outpatient clinic workflow model, 82% of all MCEs
observed in normal daily practice were detected remotely, with

Effectiveness of CIEDs in detection and treatment of major cardiovascular events 973
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Table 2 Baseline pharmacological therapy

Drug All (1650) PM (448) ICD (803) CRT-D (399)

ACE-inhibitor 971 (59%) 177 (40%) 479 (60%) 315 (79%)

ARBs 244 (15%) 81 (18%) 81 (10%) 82 (21%)

b-Blockers 1056 (64%) 126 (28%) 573 (67%) 357 (89%)

Diuretics 1050 (64%) 171 (38%) 536 (67%) 343 (86%)

Spironolactone 237 (14%) 17 (4%) 101 (13%) 119 (30%)

Calcium channel blockers 161 (10%) 82 (18%) 53 (7%) 26 (7%)

Vasodilator 231 (14%) 43 (10%) 111 (13%) 77 (19%)

Digitalis 131 (8%) 11 (2%) 62 (8%) 58 (15%)

Antiplatelets 741 (45%) 174 (39%) 383 (48%) 184 (46%)

Anticoagulants 467 (28%) 102 (23%) 241 (30%) 124 (31%)

Antiarrhythmics 386 (23%) 103 (23%) 181 (23%) 102 (26%)

Class I 49 (3%) 40 (9%) 8 (1%) 1 (0%)

Amiodarone 312 (19%) 54 (12%) 162 (20%) 96 (24%)

Sotalol 25 (2%) 9 (2%) 11 (1%) 5 (1%)

ARBs, angiotensin II receptor blockers; ACE, angiotensin-converting-enzyme.
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Table 1 Population characteristics

All patients (1650) PM (448) ICD (803) CRT-D (399)

Mean age (years) 69.5+11.4 73.7+10.3 67.0+12.2 69.9+9.5

Male 1261 (76%) 282 (63%) 660 (82%) 319 (80%)

HD

No HD 183 (11%) 168 (38%) 15 (2%) 0 (0%)

Cardiomyopathy 851 (53%) 30 (7%) 496 (62%) 325 (81%)

Ischaemic HD 689 (43%) 82 (18%) 421 (52%) 186 (47%)

Valvular HD 107 (7%) 20 (4%) 63 (8%) 24 (6%)

Channelopathies 27 (2%) 0 (0%) 27 (3%) 0 (0%)

Congenital HD 9 (1%) 3 (1%) 5 (1%) 1 (0%)

Others 5 (0%) 3 (1%) 2 (0%) 0 (0%)

NYHA class

I 309 (19%) 189 (42%) 112 (14%) 8 (2%)

II 751 (46%) 181 (41%) 456 (57%) 114 (29%)

III 553 (33%) 73 (16%) 220 (27%) 260 (65%)

IV 37 (2%) 5 (1%) 15 (2%) 17 (4%)

QRS width (ms) 120 (100–142) 100 (87–120) 108 (98–120) 146 (125–160)

LVEF (%) 30.0 (25.0–42.0). 60.0 (50.0–60.0) 30.0 (26.0–38.0) 28.0 (25.0–30.0)

Ventricular tachyarrhythmias 447 (27%) 4 (1%) 355 (44%) 88 (22%)

Supraventricular tachyarrhythmiasa 416 (25%) 135 (30%) 186 (23%) 95 (24%)

AT 93 (6%) 34 (7%) 37 (4%) 22 (6%)

AF 356 (22%) 118 (26%) 160 (20%) 78 (20%)

Paroxysmal 155 (44%) 72 (61%) 53 (33%) 30 (38%)

Persistent 71 (20%) 33 (28%) 27 (17%) 11 (14%)

Permanent 130 (37%) 13 (11%) 80 (50%) 37 (47%)

Bradyarrhythmias 538 (33%) 354 (79%) 92 (11%) 92 (23%)

HD, heart disease; LVEF, left ventricular ejection fraction; AT, atrial tachycardia/flutter; AF, atrial fibrillation.
aIndividual patients could have multiple supraventricular arrhythmias.
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early clinical reaction, by devoting ,1 h healthcare personnel per
month every 100 patients.

Remote monitoring is rapidly becoming the standard of care for
patients with CIEDs with the aim to enhance patient clinical man-
agement and to reduce healthcare source consumption. Remote
monitoring has been introduced in the international guidelines1

and, accordingly, it may replace the majority of in-person follow-up
visits. The TRUST Study has demonstrated that remote monitoring
safely reduces healthcare source consumption and shortens the

reaction time to clinical events.3 Early detection of adverse
events and prompt reaction to them may lead to major clinical
benefits, particularly in patients with device or lead malfunc-
tion.13,14 Remote monitoring has been also associated to a
reduced hospitalization rate for atrial fibrillation and a potential
lower risk for stroke,7,15 to less appropriate and inappropriate
ICD shocks16 and to shorter hospitalization stays for HF.4 –5

The HomeGuide Registry is the first large registry that investi-
gated the impact of remote monitoring of CIEDs on patient man-
agement and clinical event detection and treatment in daily
practice. A predefined organizational model, deeply involving
Allied Professionals, was applied in all 75 participating Italian
centres and the data were homogeneously collected by using
custom made software.

The results of the registry showed a high effectiveness of remote
monitoring in detecting clinical events. Almost three out of four
events needing clinical intervention were remotely detected and
reaction time to events was short (median 3 days). The most
common clinical reaction was drug therapy adjustment; oral antic-
oagulation introduction in patients with asymptomatic atrial fibril-
lation at high risk for stroke and HF therapy titration were the
most clinically significant. The impact of Home Monitoring-guided
anticoagulation on stroke risk in patients with ICD and CRT-D
devices is being evaluated in the ongoing randomized IMPACT
trial, with a target population of more than 2700.17

Sensitivity and PPV concepts have been applied to HM detection
of generic cardiovascular events, excluding deaths, with no further
restrictions to those normally detected by an implanted device.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Classifications of 2411 true-positive MCEs

Event description All During HM
sessions

Deaths 134 0

Strokes 5 0

Acute myocardial infarctions 6 2

Worsening heart failures 137 74

Syncope events 19 5

Atrial arrhythmias 868 808

Sustained ventricular arrhythmias 434 394

Unsustained ventricular arrhythmias 178 170

Effective/ineffective ventricular
device therapies

246 223

Ineffective maximal energy shocks 10 7

Inappropriate device therapies 62 57

Sensing failures 193 174

Capture failures or threshold raises 134 103

Out-of-range impedances 43 41

Suboptimal device programming 59 40

Battery depletion or device error status 4 4

Pocket/device infections 8 0

Others 351 276

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 4 Clinical reactions to actionable events

Clinical reaction All During HM
sessions
number (%)

Pharmacological therapy optimization 381 297 (78%)

Therapy compliance recommendation 48 44 (92%)

Device reprogramming 315 244 (77%)

Device replacement 17 8 (47%)

Implantation surgical revision 73 47 (64%)

Device upgrading 12 5 (42%)

Pharmacological AF cardioversion 6 4 (67%)

Electrical AF cardioversion 35 26 (74%)

Radiofrequency ablation 21 15 (71%)

Further diagnostics exams 28 21 (75%)

Hospitalizations 151 69 (46%)

Others 69 58 (84%)

AF, atrial fibrillation.

0.53%

97.4%

84.3%

39.8%

93.8%

92.6%

93.7%

91.2%

94.0%

94.2%

58.8%

33.3%

0.0%

26.3%

0.0%

-1 0 1

Infections

Syncopes

Strokes

Acute MI/coronary syndrome

Worsening HF

Atrial arrhythmias

Ventricular arrhythmias

Ventricular therapies

A/V sensing issues

A/V pacing issues

A/V impedance issues

Programming issues

Total sensitivity

Total PPV

Incremental utility

Figure 2 Generalized estimating equation-adjusted overall HM
sensitivity, PPV, and IU. Home Monitoring sensitivity estimates for
subgroups of MCEs are also displayed.GEE, generalized estimating
equation; HM, Home Monitoring.
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The scope was to stress the evaluation of the event detection per-
formance by HM when embedded in the HomeGuide workflow
model: therefore the 82% sensitivity obtained (84%, GEE-adjusted)
returns an estimate of the conditional probability that for any car-
diovascular event a patient experienced, the outpatient clinic per-
sonnel became aware of it remotely. Events detected outside HM
sessions included both events not expected to be detected by an
implanted device (infections, strokes, myocardial infarctions, etc.)
and events not detected with HM due to technical or organization-
al reasons. Including the latter class of events led to a maximum
sensitivity estimate of 89% (91% GEE-adjusted). These estimates
appear remarkably high in the light of the special meaning of sen-
sitivity assumed here. Similarly, the 97% PPV estimate returned the
conditional probability that a remote notification of an event by
HM was trustworthy.

Due to the broad definition of MCE assumed in the HomeGuide
Registry encompassing such a large variety of unpredictable events,
sensitivity, and PPV concepts may however appear incomplete to
assess HM detection performance, since events may have several
characteristics or properties with completely different clinical
and practical significance. The IU, based on the expected utility
concept and derived from the Game Theory, may be regarded
as an additional index introducing a qualitative differentiation
among events. Although calculations may be performed for any
set of arbitrarily chosen properties of interest, the method does
not introduce any difference between the clinical or practical
significance of properties. With the set of four properties we
chose (HM-witnessed, correct diagnosis, asymptomatic, and ac-
tionable) the events collected during HM sessions were associated
with a significantly positive IU of +0.56 (unadjusted, +0.53;
P , 0.0001) as compared with the events detected during
in-person visits/in other circumstances. Roughly speaking, this
means that for any event detected during an in-person visit
showing one of the considered properties, there was an event
detected during a HM session showing on average two properties
more. This gives an extra value to HM; as a matter of fact, HM
allowed early reaction mainly to asymptomatic events which could
have lead to serious adverse events if missed or late detected.

Home Monitoring sensitivity was calculated also for event types.
As expected, sensitivity for atrial and ventricular arrhythmias, for
device therapies, and for implanted system malfunctions (including
pacing, sensing, and lead impedance issues) was very high (.90%).
On the contrary, a modest sensitivity (,35%) was observed for
events such as stroke or acute coronary syndromes, for which
direct event detection is not currently in the system capability
and it may be only indirectly suspected (e.g. an episode of ventricu-
lar tachycardia due to myocardial ischaemia). In patients with
syncope, HM could identify the cause (for instance ventricular
fibrillation), only in 26%.

Progression of HF was early detected only in about 60% of
cases. This result may be basically due to suboptimal efficiency
of the currently available HF predictors, as well as to a still
imperfect interpretation of them during normal clinical practice.
Continuous monitoring of markers of HF status has been demon-
strated to help identifying patients at higher risk of developing
acute HF.18,19 However, an algorithm combining all data in a
score index capable of alerting the physician is still lacking.

It should be noted that despite the HomeGuide organizational
model may be applied to any remote monitoring system, our
results cannot be generalized as, unlike other systems, the HM is
essentially characterized by daily device-to-server transmissions
providing a patient-independent continuous data flow.

Finally, data on healthcare resource consumption should be
taken into account. Since the preliminary studies, remote monitor-
ing has consistently shown ability to reduce patient visits (almost
50%), time required for patient follow-up, physician time, costs
of patient transport, and hospital incurred costs20 without
compromising safety.3 The results of the HomeGuide Registry
confirmed that continuous remote monitoring of patients with
CIEDs may be obtained in standard clinical practice with a very
low manpower and resource consumption.

Conclusion
The HomeGuide Registry is the first large registry, providing a
model for implementing CIED remote monitoring in daily clinical
practice, which evaluated the impact on detection and treatment
of MCEs. Home Monitoring sensitivity and PPV were very high.
The large majority of the events were detected during HM
sessions and were asymptomatic and actionable. Impact on out-
patient clinic workload and resource consumption was remark-
ably low.
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Appendix
The following centres and investigators participated in the HomeGuide
Registry (order for joining the project): San Filippo Neri Hospital,
Rome: S. Aquilani, B. Magris, L. Morichelli, A. Porfili, L. Quarta, R.P.
Ricci, M. Santini; Department of Cardiac Thoracic and Vascular
Sciences, University of Padua Medical School, Padua: G. Buja,
C. Compagnin, F. Folino, L. Leoni, M. Monetti; Civil Hospital, Monte-
belluna: D. Vaccari; Mater Salutis Hospital, Legnago: M. Bassi,
M. Bozzolin, S. Tondelli, G. Zanotto; Cà Foncello Hospital, Treviso:
V. Calzolari, D. Lazzari; Portogruaro Hospital, Portogruaro: F. Di
Pede, N. Lena; Santa Maria degli Angeli Hospital; Pordenone:
E. Dametto, L. De Mattia, F. Del Bianco, F. Loro; Ospedale dell’Angelo,
Mestre: G. Gasparini, G. Scaboro, D. Vidal; Conegliano Hospital, Con-
egliano: G. Allocca, S. Baro, N. Corrocher, E. Marras; Perrino Hospital,
Brindisi: M.C. Scianaro, G. Elmo; Santa Maria Nuova Hospital, Reggio
Emilia: M. Iori, G. Lolli, M. Paterlini, F. Quartieri; AO Policlinico Con-
sorziale, University Cardiology, Bari: S. Favale, E. Santobuono,
R. Valecce; Macchi Hospital, Varese: G. Bianchi, I. Caico, P. Bonfanti;
SS. Giovanni e Paolo Hospital, Venice: A. Lo Presti, P. Rizzardo,
A. Vaglio; Gorizia Hospital, Gorizia: D. Igidbashian, T. Savil,
P. Trolese; Umberto I Hospital, Rome: R. Quaglione, L. Iannucci;
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Grassi Hospital, Rome: F. Ammirati, M.G. Romano; Ancona University
Hospital, Ancona: A. Capucci, S. Molini; INRCA Hospital, Ancona:
F. Laterza, M. Marini; Civil Hospital, Senigallia: F. Bonanni, A. Mariani;
Cardarelli Hospital, Campobasso: E. Musacchio, P. Paolone; Casilino
Hospital, Rome: L. Calò, E. De Ruvo, F. Stirpe; Veneziale Hospital,
Isernia: B. Castaldi; S. Maria della Misericordia Hospital, Perugia:
M. Dottori, G. Zingarini; Policlinico Tor Vergata, Rome: G. Magliano,
A. Politano, D. Sergi; Ospedale di Circolo, Desio: D. D’Amato,
G. Mantovani, P. Bertocchi; T. Masselli Mascia Hospital, San Severo:
V. Sollazzo; Florence University Hospital, Florence: A. Michelucci,
L. Perrotta; S. Maria Annunziata Hospital, Florence: L. Chiodi,
S. Perlangeli; Sacco Hospital, Milan: A. Sagone, L. Lombardi;
P. Borsellino Hospital, Marsala: C. Puntrello; S. Antonio Abate Hos-
pital, Trapani: G. Basiricò, A. Di Girolamo, E. Ingraldi, R. Sciacca;
ARNAS Civico Hospital, Palermo: G.L. Piraino, Saverio Schirò,
G. Sgarito; Ferrarotto Hospital, Catania: V. Calvi, A. Ragusa,
V. Schillaci; Villa Pia Hospital, Rome: M. Amidani; Vito Fazzi Hospital,
Lecce: E. Pisanò, M. Lauretti; Civil Hospital, Piacenza: L. Rossi; G.
Paolo II Foundation, Campobasso: M. Santamaria, Q. Parisi: M. Di
Marino, M. Santamaria; Volterra Hospital, Volterra: G. Castello;
Poliambulanza Hospital, Brescia: N. Di Nanni, D. Pecora, F. Morandi;
Federico II University, Naples: C. D’Ascia, V. Liguori, G. Persiano; Cer-
vello Hospital, Palermo: V. Lo Giudice, R. Mineo; Piemonte Hospital,
Messina: L. Pavia, G. Cannavà; Fogliani Hospital, Milazzo:
G. Pizzimenti, L. Vasquez; F. Ferrari Hospital, Casarano: E. Menni; SS.
Annunziata, Hospital: L. Di Gregorio, V. Siciliano; Spedali Civili,
Brescia: A. Curnis, L. Bontempi, M. Cerini, A. Lipari; Umberto I Hos-
pital, Altamura: G. Rodio; S. Donato Hospital, Arezzo: A. Fabiani;
S. Anna Hospital, Ferrara: P. Campanella, L. Zavatti; Guzzardi Hospital,
Vittoria: B. Burrometo, V. Lettica, S. Lumera; Giannuzzi Hospital, Man-
duria: V. Russo, F. Pierri; Sant’Anna e San Sebastiano Hospital, Caserta:
C. Coppola, D. Di Maggio, M. Viscusi; V. Monaldi Hospital, Naples:
E. Ammendola, C. Cavallaro, G. Del Giorno, A. D’Onofrio,
D. Paternoster, L. Santangelo; Chioggia Hospital, Chioggia:
M. Bevilacqua, M. Bortolotti, A. Boscolo, G. Boscolo; Ospedale di
Circolo, Varese: F. Caravati, L. Doni, A. Orrù; S. Giovanni di Dio e
R. D’A., Salerno: M. Manzo, A. Matrone; Sacro Cuore FBF Hospital,
Benevento: M. Della Porta, F. De Rosa, B. Villari; Civil Hospital,
Carrara: A. Pucci, J. Bertolozzi; Sarcone Hospital, Terlizzi: L. Mancini;
S. Leonardo Hospital, Castellammare: L. Caliendo, C. Guastaferro,
P. Orazzo, E. Zingone; Buon Consiglio FBF Hospital, Naples:
R. Sangiuolo, E. Attena; Mirano Hospital, Mirano: E. Bertaglia,
G. Brandolino; Policlinico Consorziale, Hospital Cardiology, Bari:
D. Carretta, G. Santoro; Villa d’Agri, Hospital, Marsicovetere:
E. Fanchiotti, A. Mazzeo Cicchetti; Ospedale degli Infermi, Rimini:
M. Mezzetti, C. Ronconi; San Donà di Piave Hospital, San Donà di
Piave: A. Morrone; SS. Cosimo e Damiano Hospital, Pescia:
M. Lupetti; Ariano Irpino Hospital, Ariano Irpino: G. Bellizzi,
G. Bianchino, R. Cusano, G. Manganelli; S. Maria della Misericordia
Hospital, Sorrento: C. Astarita, A. Caiazzo, G. Russo, P. Stella; Federico
II University, Naples: M. Santomauro, G. Langella, L. Matarazzi; Pineta
Grande Hospital, Castel Volturno: L. Argenziano, S. Casella, S. Nardi.
Adverse Events Adjudication Board: M. Brieda (S. Maria D.A. Hospital,
Pordenone), A. Campana (S. Giovanni di Dio e R. D’A., Salerno),
D. Melissano (F. Ferrari Hospital, Casarano), L. Santini (Policlinico
Tor Vergata, Rome), T. Toselli (S. Anna Hospital, Ferrara). The
authors are members of the steering committee.
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