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Abstract

Background The strategy of cardiac implantable electronic device (CIED) implantations performed as day-case admissions
has gained a wider acceptance overtime; however, data on safety are still limited. This study aims to investigate the safety of
a same-day discharge protocol introduced in our hospital for the postprocedural management of patients undergoing CIED
implantation.

Methods A prospective, non-interventional, non-randomised study performed in a single high-volume implanting centre
for a 16-month period (March 2020 to June 2021). At total of 821 of 965 (85.1%) patients scheduled for elective CIED
implantation were considered to be eligible for inclusion in the Short-stay Device Management Protocol. These patients
were compared with a historical group of 932 patients, meeting the same inclusion criteria.

Results Procedure was successful in 812 patients (98.9%), committed to same-day discharge versus 921 of 932 patients
(98.8%) admitted for overnight stay (p =0.87). Overall, 90-day complication rate was comparable in both groups (4.14% vs
4.07%, p=0.95), as was major (1.46% vs. 1.82%, p=0.55) and minor (2.67% vs. 2.25%, p=0.64) complication rates. The
composite early post-procedural complication rates and late post-procedural complication rates were comparable among
groups (0.97 vs 1.18%, p=0.70 and 0.73% vs 0.64%, p =0.83, respectively). Six hundred sixty-seven patients (84%) preferred
the same-day discharge strategy. Finally, a reduction of 792 bed-days was recorded, resulting in possible financial Health
System benefits.

Conclusions Same-day discharge is feasible and safe in the majority of patients referred for CIED implantation. Additionally,
same-day discharge is preferred by patients and may reduce procedure-related costs due to significant bed-day reductions.

Keywords Pacemaker implantation - COVID-19 pandemic - Implantable cardioverter defibrillator - Cardiac implantable
electronic device - Early discharge - Pacemaker implantation complications

1 Introduction

Implantation of cardiac implantable electronic devices
(CIED) has increased significantly in the last two decades
worldwide as a result of technological improvement, expan-
sion in indications, experience, and ageing of population
D< Skevos Sideris [1-3]. Despite these achievements, CIED therapy may still
skevos] @otenet.gr be associated with significant peri- and/or post-procedural
) i i . . complications. Major and minor complications rates vary
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114 VasilisisSofias str. Athens. Greece considerably among different studies ranging between 4
i i o i i ) and 12% with most of them occurring during the early post-
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followed by an overnight in-hospital stay as a standard prac-
tice in most institutions including our hospital.

On the other hand, a number of previous studies, most
of which were non-randomised, demonstrated that early
mobilisation and same-day discharge is safe, does not add
to the complication rate, and reduces procedure-related costs
[12-21].Two subsequent surveys in 2014 and 2021, organ-
ised by the European Heart Rhythm Association (EHRA),
showed that implantations were performed as day-case
admissions in 30% and 50%, respectively, indicating a wider
acceptance of this strategy overtime; however, the optimal
management protocol remains a matter of debate [22, 23].

In our institution, non-urgent procedures were temporar-
ily suspended on September 2020, as a result of the COVID-
19 pandemic, in order to minimise exposure to the corona-
virus, prioritising bed utilisation by the increased number
of COVID-19 patients and preserve human and material
resources. In our department, we introduced a novel short-
stay, same-day discharge protocol for the postprocedural
management of patients for whom CIED implantation or
generator replacement was absolutely necessary.

In the present manuscript, we report our experience with
this strategy in carefully selected patients. Our aim was to
investigate whether this change in clinical practice, albeit
introduced under the urgent and unexpected conditions of
the pandemic, is safe to be adopted in the long term. In
addition, we aimed to evaluate patient satisfaction/anxiety,
resulting from hospital practice change.

2 Material and methods
2.1 Study design and patient population

This prospective, non-interventional, non-randomised, open-
label, study was performed in a single high-volume device
implanting centre in Greece, for a 16-month period, between
March 2020 and June 2021.

All adult patients referred for a CIED implantation or
generator replacement, either electively or urgently, were
assessed with regard to the possibility of being included in
a novel Short-stay Device Management Protocol introduced
in our hospital due to the pandemic circumstances. Exclu-
sion criteria for participation in the study were as follows:
(a) pacemaker-dependent patients, (b) those with mechani-
cal prosthetic valves under oral anticoagulation therapy, (c)
patients with atrial fibrillation receiving anticoagulation
therapy and a high-risk for thromboembolic events, (d)
patients with a prior history of pulmonary embolism, (e)
individuals with a previous history of venous thromboem-
bolism other than pulmonary embolism and a high risk for a
recurrent episode, (f) haemodynamically unstable patients,
and (g) patients with any other life-threatening co-morbidity
or systematic disease that could potentially compromise their
safety. Exclusion criteria are further analysed in Table 1.

Individuals with an indication for CIED implantation
or generator replacement were informed about the changes
in patient management practice introduced in our institu-
tion under the circumstances of the pandemic, prior to the
intervention. Moreover, they consented to allow access
in their medical records for study purposes. At baseline,
demographic data, medical history, indication for new
implantation, type of device, and additional clinical data
were recorded. A scheduled visit at the cardiology device
outpatient department of our hospital was performed 24-h
post-implantation, and subsequently 1 week, 1 month, and
3 months post-implantation. At each visit, the clinical sta-
tus and pacing parameters of the device were recorded.
Unscheduled visits were also possible according to symp-
toms. Moreover, urgent or elective hospital-readmissions
were decided on a case-by-case basis according to the clini-
cal findings.

The main endpoints of the study were the presence of
major periprocedural complications, assessed during hospi-
tal short-stay; early post-procedural complications, assessed
during 24-h and 1-week visits and late post-procedural com-
plications; and assessed during 1-month and 3-montjh visits.

Table 1 Exclusion criteria for inclusion in the Short-stay Device Management Protocol

a. Pacemaker-dependent patients

b. Patients with mechanical prosthetic valves under oral anticoagulation therapy

c. Patients with atrial fibrillation receiving anticoagulation therapy and (i) a transient ischemic attack (TIA) or a cerebrovascular accident (CVA)
within the previous three months, (ii) a high CHADS,VA,Sc-score of five or six, (iii) a history of rheumatic heart disease, (iv) medium throm-
boembolic risk (CHADS,VA,Sc-score of three or four) but with a TIA or CVA greater than 3 months

d. Patients with prior history of pulmonary embolism

e. Patients with a previous history of venous thromboembolism other than pulmonary embolism that has occurred within 3 months receiving
anticoagulation therapy or diagnosed with severe thrombophilias such as protein C or S deficiency, antithrombin III deficiency, or antiphospho-

lipid antibody syndrome

f. Haemodynamically unstable patients

g. Patients with any other life-threatening co-morbidity or systematic disease that could potentially compromising their safety
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Secondary endpoint was identification of a minor implanta-
tion—related complication, during assessment at the same
monitoring periods.

In the present study, we compared the results of the
prospectively observed patient group (Group A) with data
from a historical cohort of adult patients who underwent
CIED implantation or generator replacement from 1 March
2018 to 30 June 2019 (Group B) according to the Standard-
stay Device Management Protocol, before the onset of the
COVID-19 pandemic. Group B patient data were retrospec-
tively analysed after applying similar exclusion criteria.

Patients’ demographics and co-morbidities, such as the
presence of arterial hypertension, diabetes mellitus, dys-
lipidaemia, established cerebrovascular, or coronary artery
disease and atrial fibrillation, were systematically recorded.

2.2 Standard-stay device management protocol

In the pre-COVID-19 pandemic era, patients scheduled for
elective CIED implantation or generator replacement as well
as uncomplicated patients admitted through the Emergency
Department requiring CIED implantation were committed to
a single overnight hospital stay. Subsequently, patients were
discharged in the next morning provided that general clinical
status including the implantation site, pacing parameters,
and results from 12-lead electrocardiogram (ECG) were sat-
isfactory. In the case of the occurrence of a complication,
hospital stay was extended accordingly.

2.3 Short-stay device management protocol

Implantations were performed in the electrophysiology
lab with local anaesthesia solely, without using additional
intravenous sedation. Antibiotic prophylaxis was performed,
similar to patients who underwent an overnight stay in the
hospital, by means of a single vancomycin dose of 1 g (or
1.5 g for patients with body weight of more than 80 kg).
Infusion was started 60 to 120 min before implantation and
continued at a recommended rate of 1 g per hour (or 1.5 g
over 90 min). All procedures were performed according to
the standard practice for CIED implantation or CIED gen-
erator replacement.

Directly after the device implantation/generator
replacement, patients who had a periprocedural compli-
cation or those requiring extended clinical observation,
cardiac monitoring, or additional treatment were identified
and admitted. The remaining patients were observed for
1 h after undergoing generator replacement and 2 h after
pacemaker implantation, implantable cardioverter defi-
brillator (ICD) implantation, or biventicular pacemaker
implantation. Monitoring occurred without continuous
electrocardiographic monitoring, in a dedicated area of

the cardiac catheterisation and electrophysiology labora-
tory. Patients were ambulated progressively within the first
hour post-intervention.

Subsequently, a formal triage was performed to deter-
mine whether the patient was deemed suitable for early
discharge. In the absence of symptoms or ECG changes,
absence of abnormalities at the implantation site, and
adequate pacing and sensing parameters, the patient was
discharged. Oral analgesics, such as paracetamol, were
prescribed for pain control in these patients.

Patients not fulfilling these prerequisites were trans-
ferred to the overnight stay facilities and were discharged
the next day or later in the event of subsequent complica-
tions. Figure 1 summarises the patient management pro-
cedure following the Overnight-Stay and the Short-Stay
Device Management Protocol.

2.4 Definitions

“CIED implantations” included patients scheduled for sin-
gle- or dual-chamber pacemaker, single- or dual-chamber
ICD, or biventricular pacemaker or ICD implantations.

In the present study, we included the following inci-
dences in the “major complications” category: cardiac
perforation; pericardial tamponade; life threatening hae-
mothorax or pneumothorax requiring intervention; pocket
hematoma requiring evacuation; pacing system and/or
pocket infection; tricuspid valve damage; thromboembo-
lism including peripheral embolism or cerebrovascular
accident; deep vein thrombosis; lead dislodgement; sens-
ing failure; failure to capture due to lead fracture; insu-
lation problems etc.; and death related to implantation
procedure.

In addition, the following complications were classified
as “minor”’: haemothorax or pneumothorax not-requiring
intervention, small wound hematomas not requiring evacu-
ation, sustained non-life-threatening arrhythmias such as
atrial fibrillation peri-procedurally, wound healing problems
without signs of infection, increase in pacing threshold, or
decrease in P or R wave sensing not requiring revision.

2.5 Ethical considerations

The study was approved by the hospital ethics committee
and was conducted in accordance with the principles of the
1964 Helsinki declaration and its later amendments. Partici-
pants provided written informed consent prior to enrolment
in the study. All personal data stored in electronic and hard-
copy forms were pseudonymised. The study was approved
by the “Scientific Council,” the local committee responsible
for reviewing study protocols introduced in our hospital.
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Standard (Overnight-stay) Device Management Protocol
(Pre- COVID-19 era)/ 16-months study period
1,079 patients (67.4 procedures/ month)

* Retrospectively assessed

* Exclusion criteria: (a) Pacemaker-
dependent, (b) prosthetic valves

Novel (Short-stay) Device Management Protocol
(During COVID-19 pandemic)/ 16-months study period
9635 patients (60.3 procedures/ month)

* Prospectively assessed

* Exclusion criteria: (a) Pacemaker-dependent,

under OACs or other high-risk for 147 patients : :
thromboembolic events receiving > excluded 144 patients (P) pro§tllellc valves under OACs or other l,",gh'
OACs, (c) haemodynamically admitted for ¢ Tisk for thromboembolic events receiving
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assessment at 24 h as inpatient Assessment during hospital short-stay
20 patients
_ with
932 patients periprocedural 792 patients

Assessment as outpatient: 15 week e
Re-admission

required in 6

Assessment as outpatient: 1 month| == :
patients

Assessment as outpatient: 3 months l

932 patients completed follow-up

complications
admitted

Re-admission g
required in 5
patients

Assessment as outpatient: 24 h
Assessment as outpatient: 15 week

Assessment as outpatient: 1% month

1 Assessment as outpatient: 3 months

821 patients completed follow-up

Fig.1 Summary of the patient management procedure following the Overnight-Stay and the Short-Stay Device Management Protocol

2.6 Patient satisfaction and preference

To measure patient satisfaction with same-day discharge
compared to discharge following an overnight stay, an
anonymous, standardised questionnaire consisting of 16
questions was provided to patients during their outpatient
visit, 1-week post-implantation by the outpatient clinic nurse
(Supplementary Fig. 1).

Patients’ perception was validated at the following fields:
(a) adequacy of information received regarding treatment,
(b) attendance of the medical and nursing staff during their
hospital short-stay, (c) quality of the discharge procedure,
and (d) the psychological status in the first 24 h and first
week post implantation. In addition, the patients’ prefer-
ence, regarding the implantation management strategy, was
assessed.

2.7 Possible impact on the cost

Hospital charges paid by health insurance funds remain
constant at the specific Health System at which the present
study was conducted. Therefore, a possible financial impact
may be assumed, in the case that the change in our practice
results in an overall reduction in hospital stay. Adopting
this assumption, in the present study, we sought to calculate
the reduction in hospital bed-days resulting from same-day
discharge.

@ Springer

2.8 Statistical analysis

Shapiro—Wilk test and p-p plots were used to evaluate nor-
mality of variable distribution. Accordingly, continuous
variables were expressed as mean + standard deviation.
Categorical variables were expressed as valid percentages.
To test for differences in continuous variables between the
two study groups, #-test was applied. Contingency tables and
chi square test were used to test for differences in frequency
of categorical variables among the two studied groups. All
reported P values were based on two-sided hypotheses. A P
value of <0.05 was considered statistically significant. All
statistical calculations were performed using SPSS software
(version 25.0; SPSS Inc., Chicago, Illinois, USA) and Graph
Pad prism version 6.

3 Results
3.1 Patients

During the 16-month enrolment period (1 March 2020 to 30
June 2021), a total of 965 CIED implantations and genera-
tor replacements were performed in our centre (60.3 proce-
dures/ month). Of the 965 patients, 821 (85.1%) were con-
sidered to be eligible for same-day discharge post-procedure
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(Fig. 1). The mean age of this population (Group A) was
75.9+10.1 years, and 329 patients (40.1%) were female.

Patient demographics and clinical and procedural char-
acteristics were compared with a historical group (Group B)
of 932 of the 1079 patients, who underwent CIED implanta-
tions and generator replacements during a 16-month period
(1 March 2018 to 30 June 2019), and would have been eli-
gible for early discharge, according to the exclusion criteria
of the study. During this period, the overall implantation
rate was 67.4 procedures/month. Patient data are shown in
Table 2, and were well balanced between the two groups.
No gender-based differences were present. Specifically,
there was no difference between Groups A and B in age
(75.9+10.1 years vs. 76.8 + 10.5 years, p=0.07), female sex
(40.1% vs. 42.1%, p=0.71), and other potential confounders
or risk factors (Supplementary Fig. 2).

Group A population included 148 generator replacement
procedures, 511 pacemaker implantations (412 of which
were dual chamber and 99 single chamber), 93 ICD implan-
tations (84 of which were dual chamber and 9 single cham-
ber), and 69 biventricular system implantations (15 pace-
maker systems and 54 defibrillator systems), representing
18.0%, 62.3%, 11.3%, and 8.4% of the total procedures per-
formed in the same time period. On the other hand, in Group
B, indication for the procedure was generator replacement
in 159 cases, pacemaker implantation in 564 cases (459 of
which were dual chamber and 105 single chamber), ICD
implantation in 104 cases (96 of which were dual chamber

Table 2 Patient data and procedural characteristics

and 8 single chamber), and biventricular system implanta-
tion in 105 cases (24 pacemaker systems and 81 defibrillator
systems), comprising 17.1%, 60.5%, 11.2%, and 11.3% of
the overall number of procedures performed during that time
interval. Importantly, between Group A and Group B, there
was no difference according to type of procedure (p =0.61).
Active fixation atrial and ventricular leads were used in all
implantation procedures, in both patients of Groups A and
B. On the other hand, passive fixation left ventricular leads
were used in all patients requiring cardiac resynchronisation
therapy (CRT).

3.2 Procedural success, postprocedural
observation, and discharge

Procedure was successful in 812 of 821 patients (98.9%),
committed to same-day discharge versus 921 of 932 patients
(98.8%) admitted for overnight stay (p=0.87). In 4 of the 9
unsuccessful cases in Group A and in 5 of 11 unsuccessful
cases in Group B, failure was due to failed coronary sinus
catheterisation in patients with an indication for biventricu-
lar system implantation. In the remaining 5 and 6 unsuccess-
ful cases in Groups A and B respectively, failure was due to
severe venous access problems. In these cases, implantation
of leadless pacing systems was performed in 10 patients (5
of Group A and 5 of Group B) and implantation of a subcu-
taneous ICD system was performed in 1 patient in Group B.

Group A (Short-stay Device Manage-
ment Protocol) (n=2821)

Group B (Standard-stay Device Man- )4
agemet Protocol) (n=932)

Mean age 75.9+10.1
Female gender (%) 329 (40.1%)
Diabetes mellitus 129 (15.7%)

419 (51.0%)
337 (41.0%)

Dyslipidaemia
Arterial hypertension

History of coronary heart disease 246 (30.0%)
History of cerebrovascular disease 39 (4.8%)
History of AF 119 (14.5%)
Type of procedure
e Generator replacement 148 (18.0%)
o Dual-chamber pacemaker implantation 412 (50.2%)
o Single-chamber pacemaker implantation 99 (12.1%)
e Dual-chamber ICD implantation 84 (10.2%)
o Single-chamber ICD implantation 9(1.1%)
e CRT-P implantation 15 (1.8%)
e CRT-D implantation 54 (6.6%)

76.8+10.5 0.07

392 (42.1%) 0.71

132 (14.2%) 0.36

498 (53.4%) 0.31

344 (36.9%) 0.07

299 (32.1%) 0.34

42 (4.5%) 0.82

147 (15.8%) 0.46
0.61

159 (17.1%)

459 (49.2%)

105 (11.3%)

96 (10.3%)

8 (0.9%)

24 (2.6%)

81 (8.6%)

Categorical data are presented as frequency and valid percentages (%). P-values are based on r-test for continuous data and on chi-square test for

categorical data

AF atrial fibrillation, /CD implantable cardioverter defibrillator, CRT-P cardiac resynchronization therapy-pacemaker, CRT-D cardiac resynchro-

nization therapy-defibrillator

@ Springer



476

Journal of Interventional Cardiac Electrophysiology (2023) 66:471-481

3.3 Periprocedural complications, patient
observation, and discharge

During the observation period, another 20 patients scheduled
to same-day discharge developed an indication for extended
hospital stay and were admitted to hospital, in addition to the
9 patients in which implantation was unsuccessful. On the
basis of the formal triage after the observation time-period,
96.5% of patients (792 of 821) scheduled to same-day dis-
charge was, indeed, considered suitable for immediate dis-
charge. Thus, overall, during the 16-month study period,
792 of 965 patients (82.1%) referred to our department for a
new pacemaker implantation or generator replacement were
eventually managed as day-cases.

During the periprocedural period, no death was recorded.
Only 20 of 821 patients (2.43%) experienced a total of 20
significant complications, 7 of which were classified as
major (e.g. 5 lead dislodgments requiring revision and 2
ventricular perforations) and 13 were considered to be minor
(e.g. 8 pocket hematomas, 3 vasovagal episodes, and 2 epi-
sodes of pneumothorax not requiring intervention) (Table 3;
Supplementary Fig. 3).

3.4 Complications and follow-up

Tables 3 and 4 and Supplementary Fig. 4 show the occur-
rence of the various clinical events specified by time of
occurrence. No death directly related to pacemaker implan-
tation was recorded in the same-day discharge group within
the first 3 months post-procedure. In the overnight-stay
group, also none of the patients died during the early post-
procedural period; however, one patient died due to acute
cerebrovascular accident, and another patient due to heart
failure deterioration, during the 3-month follow-up period.

During or immediately after intervention, 20 of 821
patients (2.43%) in the same-day discharge group manifested
an acute complication, as did 21 of 932 patients (2.25%) of
the overnight-stay group (p =0.80). Only 5 complications
were recorded during the assessment, 24 h post procedure
(0.61%) in the 821 patients of Group A versus 7 complica-
tions in the 932 patients of Group B (0.75%) (p =0.72). Dur-
ing assessment on 1-week, 1-month, and 3-month visits, the
presence of a pacing-related complication was revealed in
3 (0.36%), 2 (0.24%), and 4 (0.48%) of the 821 patients of
same-day discharge group respectively, as was in 4 (0.43%),
2 (0.21%), and 4 (0.43%) of the 932 patients of the over-
night-stay group (p =ns for all). Three-month follow-up was
completed for all patients.

The overall 90-day complication rate was comparable
in both groups (4.14% in Group A vs 4.07% in Group B,
p=0.95), as was the major and minor complication rate
(major complication: 1.46% vs. 1.82%, p=0.55, and minor
complication: 2.67% vs. 2.25%, p=0.64, for Group A and
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Group B, respectively). Finally, the composite early post-
procedural (assessed during 24-h and 1-week visits) com-
plication rates were comparable among same-day discharge
group and overnight-stay group (0.97 vs 1.18%, p=0.70) as
were the composite late post-procedural (assessed during
I-month and 3-month visits) complication rates (0.73% in
Group A vs 0.64% in Group B, p=0.83).

No unscheduled readmission was required in the same-
day discharge patient group, after the 24-h outpatient visit
assessment. However, 2 readmissions were performed (one
due to lead dislodgment and one due to capture failure) after
Ist week assessment, whereas 3 admissions were performed
(one due to lead fracture and 2 due to pacing system infec-
tion) after the 3-month assessment. In the overnight-stay
group, two patients were readmitted after the 1st week
assessment (due to lead fracture), 2 after 1st month assess-
ment (one due to lead dislodgment and one due to pacing
system infection), and another 2 after the 3-month assess-
ment (due to pacing system infection) (Table 3).

Lead dislodgment, occurring in the periprocedural or
early-postprocedural period, was the most frequent major
complication in both study groups, recognised in 0.73% of
the cases in Group A and 0.85% of the cases in Group B
(»=0.98). Two patients in Group A and 2 patients in Group
B (p=0.90) developed myocardial perforation with mild
pericardial effusions, without progression to cardiac tampon-
ade and without requirement for surgical intervention, albeit
resulting in extended hospitalisation. Ten patients in Group
A (1.22%) developed mild to moderate pocket haematomas,
whereas this complication occurred in 9 patients in Group B
(0.96%), 2 of which required re-intervention for haematoma
evacuation (p =0.61). Lead fracture occurred in two patients
in Group A and also in two patients in Group B (p =0.90). In
an additional 0.85% (n=7) and 0.96% (n=9) in Groups A
and B respectively (p =0.80), an increase in pacing threshold
was observed, without the need for lead revision. A pneu-
mothorax was detected in 2 cases in the same-day discharge
group (0.24%) as was in 3 cases in the overnight-stay group
(0.32%) (p=0.74), however without requiring intervention.
Finally, pacing system and/or pocket infection occurring as
a late complication was detected in 2 (0.24%) and 3 (0.32%)
patients in Groups A and B respectively (p =0.76).

3.5 Patient Satisfaction

All 792 patients, eventually discharged on the same day com-
pleted the Patient Satisfaction and Preference Questionnaire
during their visit at Outpatient Department, 1 week post
procedure (Supplementary Fig. 1). Six hundred eighty-nine
patients (87%) characterised information received regarding
their treatment as “adequate” (vs 5% who thought that it was
“inadequate” and 8% who were not sure), 728 patients (92%)
scored attendance of the medical and nursing staff during
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Table 4 Mortality rates and
complication rates for endpoints

Group A (Short-stay Device
Management Protocol)

Group B (Standard-stay Device  p
Management Protocol) (n=932)

(n=821)
Managed as day-cases, n (%) 792 (96.5%) N/A
Major complications
e Periprocedural 7 (0.85%) 10 (1.07%) 0.64
e Early post-procedural 2 (0.24%) 3(0.32%) 1.00
e Late post-procedural 3(0.36%) 4 (0.43%) 1.00
Minor complications
e Periprocedural 13 (1.58%) 11 (1.18%) 0.54
e Early post-procedural 6 (0.73%) 8 (0.85%) 0.80
e Late post-procedural 3(0.36%) 2(0.21%) 0.67
Mortality related to operation 0 0
Overall 3 months cardiovascu- 0 2(0.21%) 0.50

lar mortality

their hospital short-stay as “adequate” (vs 7% characterising
it as “inadequate” and 1% not being sure), and 626 patients
(79%) were satisfied with the discharge procedure (vs 11%
who were “not satisfied” and 10% who were not sure). Six
hundred sixty-seven patients (84%) answered that they pre-
ferred to be discharged on the same day over overnight-stay
(vs 16% wishing an overnight-stay). Finally, 571 patients
(72%) answered that they had no anxiety on the first 24-h
post procedure (vs 19% reporting anxiety on the first 24 h
and 9% not being sure) (Supplementary Fig. 5).

4 Cost

Eventually, 792 patients avoided an overnight stay in the
hospital, and therefore, a reduction of 792 bed-days may be
assumed, resulting in a potential significant financial benefit
for the Health System, due to the reduction in hospital stay.

5 Discussion

Despite the significant technological improvements and the
accumulated experience due to the increasing implantation
rates of CIEDs in the European countries [24], complication
rate is still considered to be non-neglectable. As in most
other institutions, in our clinic, the current standard of care,
for patients who undergo uncomplicated CIED implantations
or generator replacements, either elective or urgent, is an
overnight in-hospital stay. This approach is followed to over-
come concerns regarding lead dislodgement or other major
complications becoming evident in the first hours post-
implantation. Access site complications (i.e. hematomas.)
is also of concern, while overnight stay may be essential for
management of comorbidities, such as renal insufficiency,
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diabetes, arterial hypertension, and congestive heart failure
(CHF).

Nevertheless, the present study demonstrates that same-
day discharge after elective or urgent CIED implantation
or generator replacement can be performed safely in the
vast majority of the patients. Following introduction of the
novel protocol in our practice, 96.5% of patients scheduled
to same-day discharge and 82.1% of the total number of
patients referred to our department were eventually success-
fully managed as day-cases. The protocol identifies a few
exclusion criteria, based on the clinical characteristics of
the patients, that should be thoroughly applied. In same-day
discharge group, the overall 90-day complication rate was
found to be 4.14%, consistent with previous studies [4—11,
25]. Moreover, the overall 90-day complication rate was
similar to that revealed at the overnight-stay group (4.07%).
In addition, there were no significant differences among
the two groups with regard to the rates of periprocedural,
early-postprocedural, and late-postprocedural complications
(Tables 3 and 4). Furthermore, major and minor complica-
tions rates were comparable among groups.

Therefore, according to our results, one may be reasona-
bly confident that the 2 strategies do not lead to substantially
different outcomes. Despite the fact that same-day discharge
protocol was adopted in order to preserve an adequate num-
ber of beds in anticipation of a possible surge in COVID-19
cases as well as to reduce possible patient exposure to the
virus, these data show safety and feasibility of this strategy
and indicate that it could, potentially, be adopted as a stand-
ard clinical practice in the post-COVID-19 era.

Another important finding was that same-day discharge
after CIED implantation or generator replacement did not
lead to unexpected cardiac events or to an excess of implan-
tation site complications. In our study, careful peri-proce-
dural monitoring followed by a maximum 2-h observation
period allowed adequate triage of patients to same-day
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discharge or alternatively to admission and a more extended
clinical observation. Early mobilisation during the first hour
post-procedurally was safe and feasible and did not lead to
additional complications.

Our study shows that patients at risk for postprocedural
complications can be identified effectively in a day-case set-
ting on the basis of predefined clinical criteria. Moreover,
a definitive decision for same-day discharge can be made
only after an uncomplicated clinical course of maximum 2 h,
depending on the type of the intervention. Patients should be
adequately selected for additional observation to anticipate
postprocedural complications.

The concept of day-case CIED implantations was first
proposed over 30 years ago [12, 13]; however, evidence
regarding the safety of this strategy is still limited. Previous
studies demonstrated that early ambulation and short-term
observation after CIED implantation is safe and does not
result in an increased complication rate [14-21]. Although
these data originating from large-scale registries and non-
randomised studies suggest that most patients can be dis-
charged safely within 24 h of successful CIED implanta-
tion [15, 17-19], evidence from large-scale, randomised
controlled studies is limited. On the other hand, available
prospective, controlled studies, although recruiting a rela-
tively small number of patients, have also demonstrated no
significant difference in the rate of complications between
inpatient and same-day discharge groups [14, 16, 20, 21].
Our results are in line with these findings data, showing
safety of early mobilisation and same-day discharge, post
CIED implantation. Complication rates in these studies
were not increased in the same-day discharge patient group
and were comparable to those reported in the literature. On
the other hand, other authors remain sceptical, suggesting
that since many complications occur during the early post-
implantation period, it might not be optimal to discharge
patients in <24 h [23].

According to the results of a European Heart Rhythm
Association (EHRA) survey published in 2014, elective
device implantations were performed by the participating
centres as day-case admissions in 30%, with a single over-
night stay in 47%, with two-night admissions in 13%, and
with more than two-night admissions in 10% [22]. However,
a more recent EHRA survey published in 2021 demonstrated
a significant shift in the clinical practice towards same-day
discharge, since approximately 50% of respondents already
implement this strategy at their institutions following implan-
tations of pacemakers with one or two intracardiac leads [26].
Our study provides additional evidence towards this direc-
tion, showing that, currently, a change in clinical practice
is reasonable and may be justified by procedural outcomes.

Another finding of the present study is a significant
decrease in CIED implantations during the COVID-19 pan-
demic, from 67.4 procedures/month to 60.3 procedures/

month. This reduction by 10.5% may however have hap-
pened due to various other factors as well. Nevertheless,
these findings are consistent with reports from various other
countries [27-30].

A reduction in hospital stays and the application of day-
case facilities were shown to reduce procedure-related costs.
In the present study, same-day discharge led in a potential
cost reduction, due to the reduction of cost paid by the insur-
ance funds to the hospital for bed. Therefore, a potential
change in the strategy of CIED implantations management
might result in substantial financial resources savings for
the health system.

Finally, 84% of the patients reported a preference for a
same-day discharge strategy. Moreover, the vast majority
of the patients was very satisfied for avoiding hospitalisa-
tion, especially in the COVID-19 era, and demonstrated
relatively low rates of anxiety and feeling unsecure after
early discharge.

This prospective study provides additional evidence on
the safety of short-stay CIED implantation; however, lack
of randomisation, observational, and single-centre design
limit the generalisation of our findings. Furthermore, our
hospital is a relatively high-volume centre and implanta-
tions were performed by highly experienced implanting
physicians, and therefore, results may not be generalised
and extrapolated to low-volume settings. Third, in order to
determine effectiveness and safety of the novel protocol in a
real-world setting, we compared prospectively collected data
with findings obtained retrospectively, by a recent historical
cohort. Fourth, patient exclusion both in Group A and in
Group B might have been influenced by selection bias. The
decision to enrol a patient at the same-day discharge protocol
is clinical, and therefore, there might be a tension to include
lower-risk patients in this group. Fifth, the conditions during
the COVID pandemic may not be exactly comparable to the
historical controls. For example, factors such as commu-
nity infection rates would be expected to be higher, whereas
masking and social isolation might lower risk and increase
patient acceptance of recovery at home. Finally, the selec-
tion of the exclusion criteria involves a degree of arbitrari-
ness. The definition of the category of patients unsuitable
for same-day discharge should undergo extensive validation.

6 Conclusion

Taking into account the study limitations, and especially the
fact that this is a non-randomised study, the control group of
which is studied retrospectively, we may however conclude
that same-day discharge is feasible and safe in the major-
ity of patients referred for CIED implantation or generator
replacement. Early patient mobilisation and same-day dis-
charge does not lead to additional complications compared
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with overnight stay. Additionally, our data indicate that a
change in every-day clinical practice towards managing
these patients as day-cases is preferred by the patients,
increasing the level of their satisfaction, and may be cost-
effective for health-care systems, due to the reduction in
hospital bed-days. A randomised, multicentre study will
probably further establish the utility of this strategy.
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