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Abstract
Purpose To assess the feasibility and safety of same-day discharge after S-ICD implantation by implementing a specific analgesia
protocol and phone follow-up.
Methods Consecutive patients presenting for outpatient S-ICD implantation were enrolled between 1/1/2018 and 4/30/2019. An
analgesia protocol included pre-operative acetaminophen and oxycodone, intraoperative local bupivacaine, and limited use of
oxycodone-acetaminophen at discharge. The primary outcome was successful same-day discharge. Numerical Pain Rating Scale
(NPRS) on postoperative day (POD) 1, 3, 14, and 30 and any unplanned health care visits during the 1-month follow-up period
were assessed.
Results Out of 53 potentially eligible S-ICD patients, 49 patients (92.5%) were enrolled and successfully discharged on the same
day. Mean age of these 49 patients was 47 ± 14 years. There were no acute procedural complications. Severe pain (NPRS ≥ 8) on
POD 0, 1, and 3 was present in 14.3%, 14.3%, and 8.2% of patients, respectively. The total in-hospital stay was 534 ± 80 min.
Four unplanned visits (8%) due to cardiac or device-related issues occurred during 1-month follow-up, including 2 patients with
heart failure exacerbation, one patient with an incisional infection, and one patient with inappropriate shocks.
Conclusions With the appropriate institutional protocol including specific analgesics and phone follow-up, same-day discharge
after outpatient S-ICD implantation is feasible and appears safe for most patients.. Device-related pain can be severe in the first
3 days post-implantation and can be successfully treated with limited supply of narcotic medications.
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1 Introduction

Various cardiovascular procedures are routinely performed on
an outpatient basis, including percutaneous coronary

intervention, transvenous pacemaker/defibrillator implanta-
tion, and catheter ablation of certain arrhythmias [1, 2].
Subcutaneous implantable defibrillator (S-ICD) is an
established device therapy for the treatment of malignant ven-
tricular tachyarrhythmias [3–6]. In patients without a pacing
indication or at high risk for infection, S-ICD is a preferred
device option as S-ICD is not associated with pneumo/hemo-
thorax, cardiac perforation, tricuspid regurgitation or endocar-
ditis [7].

The perioperative care for patients with S-ICD is still
evolving and the patients are often monitored overnight after
implantation due to a perceived need for parenteral pain med-
ications for effective pain control associated with the larger
device pocket, extensive soft tissue dissection, and subcutane-
ous tunneling. The feasibility and safety of outpatient S-ICD
implantation has not been assessed in a prospective fashion.
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The purpose of this study was to assess the feasibility and
safety of the same-day discharge after S-ICD implantation
using a specific analgesia strategy referred to as DASH pro-
tocol (same day subcutaneous defibrillator and send home).

2 Methods

2.1 Inclusion and exclusion criteria

Consecutive patients > 18 years of age presenting for out-
patient S-ICD implantation (EMBLEM™, MRI S-ICD,
Boston Scientific, Natick, MA, USA) were enrolled to a
prospective registry between 1/1/2018 and 4/30/2019 at
the Ohio State University Medical Center. The purpose
of the study was to evaluate a specific analgesia protocol
designed to allow for the same-day discharge after outpa-
tient S-ICD implantation. S-ICD implantation for hospi-
talized patients was excluded. Eligible patients had to be
accompanied by a companion to drive them home and the
companion had to be present when discharge instructions
were provided. Those who were unable or unwilling to
provide informed consent and those with inotrope-
dependent congestive heart failure (CHF) and/or im-
planted with left ventricular assist device were excluded.
Patients were appropriately screened for S-ICD implanta-
tion using a proprietary automated ECG screening tool
[8].

2.2 Pre-implantation preparation and prophylactic
analgesics

All outpatient S-ICD implantations were scheduled in the
morning or early afternoon to avoid late evening discharge.
Acetaminophen 975 mg and oxycodone 10 mg were given
orally 1–2 h prior to the procedure unless they had a known
intolerance or allergy to either of the drugs. (Fig. 1) All
patients were evaluated by the anesthesiologist in the pre-
operative unit, including assessment of the American
Society of Anesthesiologists (ASA) physical status classi-
fication and modified Mallampati scoring. Briefly, ASA I,
II, III, and IV describe a normal healthy patient, a patient
with mild systemic disease, a patient with severe systemic
disease, and a patient with severe systemic disease that is a
constant threat to life, respectively [9]. A radial arterial line
was placed if necessary. An indwelling urinary catheter
was not used. Direct oral anticoagulants were held for
24 h. Antiplatelet drugs, warfarin, and all cardiac medica-
tions were generally continued peri-procedurally.
Intravenous prophylactic antibiotics (cefazolin and vanco-
mycin) were administered pre-procedurally.

2.3 Implantation technique

Either general anesthesia or monitored anesthesia care was
provided at the discretion of the anesthesiologist [10, 11].
An S-ICD system (EMBLEM™, MRI S-ICD, Boston
Scientific, Natick, MA, USA) was implanted using a standard
2-incision technique. Pre-incisional infiltration of 0.25%
bupivacaine (maximum dose, 2.5 mg/kg or 175 mg/dose)
was given and repeated as necessary to the subxiphoid and
lateral pockets. (Fig. 1) A standard conversion test (defibrilla-
tion threshold test (DFT)) was performed using 50-Hz burst
pacing to induce ventricular fibrillation (VF) unless contrain-
dicated. When the risk of VF induction was deemed prohibi-
tive, a 10 J synchronized shock was delivered to measure
impedance.

2.4 Post-anesthesia care

Those whowere intubated for the procedure were extubated in
the electrophysiology lab. Patients were monitored on cardiac
telemetry in the post-anesthesia care unit. Postero-anterior and
lateral chest X-ray was obtained in all patients. Self-reported
pain using the 0–10 Numerical Pain Rating Scale (NPRS) was
assessed approximately 2 h after the procedure. NPRS 0–5, 6–
7, ≥ 8 were classified as mild, moderate, and severe pain,
respectively [12]. Pain medications, either intravenous or oral
narcotics, were administered as necessary. Discharge readi-
ness was assessed using the Aldrete score, which assigns 0–
2 points to the following criteria with a maximum total score
of 10: activity, respiration, circulation, consciousness, and col-
or. Patients with an Aldrete score of 9 or greater were consid-
ered appropriate for discharge [13].

2.5 Post-discharge care and follow-up

Ten tablets of oxycodone-acetaminophen 5/325 mg were pre-
scribed at the time of discharge. No refill rule was strictly
enforced. Self-reported pain using the 0–10 NPRS and the
number of oxycodone-acetaminophen taken were assessed
on the postoperative days (POD) 1, 3, and 14 by phone inter-
view and approximately in 1 month at the time of in-person
device check. Any device-related complications, inappropri-
ate and appropriate device discharges, unplanned clinic and
hospital visits were evaluated during the 1-month follow-up
period (Fig. 1).

2.6 Informed consent and funding source

The Ohio State University Institutional Review Board ap-
proved the study, and all patients provided informed consent
before pre-procedural pain medications were administered.
The study was funded by Boston Scientific Corporation
(Natick, MA, USA). The funding source did not have any
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involvement in the study design, in the collection, analysis
and interpretation of data, in the writing of the report, or in
the decision to submit the article for publication.

2.7 Statistical analysis

Continuous variables are presented as mean ± standard devi-
ation (SD) and categorical variables are expressed as percent-
ages. Total procedure time is defined as time interval between
skin incision and skin closure. Total in-room time is defined as
time interval from the patient’s arrival to the procedure room
to departure from the procedure room. Total time in post re-
covery room is defined as time interval between arrival to the
post anesthesia recovery unit to discharge from the hospital.
Total in-hospital stay is defined as time interval from patient’s
arrival to the hospital to discharge from the hospital. Themean
NPRS in the first 3 days is the sum of NPRS at POD#0, #1,
and #3 divided by 3. The mean NPRS in the first 3 days and
NPRS at POD #14 were compared using paired sample t test.

3 Results

3.1 Study population

Sixty-two patients presented to the Ohio State University
Medical Center for outpatient S-ICD implantation between
1/1/2018 and 4/30/2019. Five patients failed automated elec-
trocardiographic screening for the S-ICD system and received
a transvenous device. Four patients declined to participate in
the DASH protocol due to their preference for overnight ob-
servation post-procedurally. After excluding these 9 patients,
53 patients were potentially eligible for the DASH protocol.

However, three patients were subsequently deemed ineligible
pre-procedurally for same-day discharge due to CHF exacer-
bation (N = 2) and uncontrolled diabetes (N = 1) and hospital-
ized for medical management. One patient received an S-ICD
as planned; however, it was removed and replaced by a
transvenous device due to unsuccessful DFT testing.
Consequently, out of 53 patients potentially eligible for same
day discharge, a total of 49 patients ultimately enrolled in the
DASH protocol and were successfully discharged on the same
day. Therefore, the rate of successful completion of the DASH
protocol was 92.5%. (Fig. 2).

3.2 Patient characteristics

Baseline patient characteristics for the enrolled patients (N =
49) are listed in Table 1. Briefly, 27 (45%) patients were male,
and the mean age was 47 ± 14 years. Four (8.1%) patients
were over the age of 65. The mean body mass index (BMI)
was 31 ± 7 kg/m2, and body weight ranged from 40.6 kg to
145 kg. The number of patients with BMI < 30, 30–35, 35–40,
and > 40 kg/m2 were 22, 13, 9, and 5, respectively. Forty-four
(90%) received S-ICD for a primary prevention indication.
The most common cardiac etiology was non-ischemic cardio-
myopathy (N = 20, 40.8%), followed by ischemic cardiomy-
opathy (N = 14, 28.6%). The mean left ventricular ejection
fraction was 38 ± 15%. Three patients previously underwent
transvenous defibrillator removal due to infection (N = 2) and
lead malfunction (N = 1). Nine patients were receiving oral
anticoagulation agent including warfarin (N = 3, mean INR
at implantation = 1.8), apixaban (N = 5), and rivaroxaban
(N = 1). Acetaminophen 975 mg and oxycodone 10 mg were
given prior to the procedure to all patients except for one

Fig. 1 Flow diagram from DASH
Protocol. POD, post-operative
day
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patient who did not receive oxycodone due to the reported
drug intolerance to oxycodone.

3.3 Procedural characteristics and anesthetic care

Table 2 outlines the procedural characteristics. Two (4%) pa-
tients reported moderate to severe pain pre-procedurally due
to underlying chronic pain syndrome. Twenty-three (47%)
patients received general anesthesia while monitored anesthe-
sia care was provided to 26 (53%) patients. Total 39.6 ±
10.6 ml bupivacaine (99 ± 26.5 mg) was used. DFT was
attempted and successful in 42 patients. As previously men-
tioned, 1 patient failed DFT and received a transvenous ICD
instead (NICM EF 20%, NYHA class II). This patient was not
included in the analysis. Four patients received a 10 J synchro-
nized shock for impedance measurement without VF induc-
tion due to patient refusal (N = 1), electrolyte imbalance (N =
1), and severe CHF (N = 2). Three patients underwent neither
DFT nor 10 J shock due to an intracardiac thrombus. Total
skin-to-skin procedure time, including DFT, was 80 ± 39 min.
Patients remained in the post anesthesia recovery room for
248 ± 71 min. The total in-hospital stay, from arrival to the
hospital to discharge, was 534 ± 80 min. There were no acute
procedural complications.

3.4 Pain assessment

Figure 3 describes the pain level at immediately post-
implantation (POD #0), 1 day, 3 days, 14 days, and 30 days
after implantation. Notably, 14.3%, 14.3%, and 8.2% of pa-
tients on POD #0, #1, and #3 reported severe pain (NPRS ≥ 8).

The mean NPRS in the first 3 days was 4.1 ± 1.6. The differ-
ence of the average NPRS in the first 3 days and the NPRS at
POD #14 was 2.5 ± 1.9 (95% CI, 1.9–3.1; P < 0.01).

3.5 Post-discharge narcotics use and unplanned
hospitalization

In the first 3 postoperative days, five patients took no
oxycodone-acetaminophen and 43 patients took the mean
4.9 ± 2.9 tablets of oxycodone-acetaminophen. One patient
did not report the number of tablets taken. Five patients took
all 10 tablets by day 3. No narcotics refills were provided.
Seven patients had unscheduled healthcare visits within
30 days of the S-ICD implantation, including 3 visits unrelat-
ed to S-ICD or cardiac conditions, 2 visits due to CHF exac-
erbation, 1 visit due to S-ICD incisional infection treated with
oral antibiotics, and 1 visit due to inappropriate shocks. The
last patient (NICM EF 27%, primary prevention, BMI =
42 kg/m2) received inappropriate shocks due to oversensing
3 days post-implant and S-ICD was removed due to the pa-
tient’s request. He declined any further ICD therapy.

4 Discussion

4.1 Main findings

Same-day discharge after outpatient S-ICD implantation is
feasible and safe. The DASH protocol was completed in 49/
53 (92.5%) eligible S-ICD patients. None of the 49 patients
who were discharged on the same day after outpatient S-ICD

Fig. 2 Patient flow chart. S-ICD,
subcutaneous defibrillator; CHF,
congestive heart failure
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implantation needed to be readmitted within 24 h of the dis-
charge to manage post-operative pain. The analgesic protocol
was simple and easy to implement, only incorporating pre-
procedural oral medications, a change of intraoperative local
anesthetic drug, a prescription for discharge pain medications,
and post-discharge phone follow up from a nurse.

4.2 Development of the same-day discharge protocol

To our knowledge, this is the first prospective and systematic
study to assess the feasibility and safety of the same-day dis-
charge specifically for outpatient S-ICD implantation using
the specific analgesic protocol. S-ICDs have been implanted
at our institution since 2009, and all previous patients had
been monitored at least overnight following the S-ICD im-
plantation. The DASH protocol (same day subcutaneous

Table 1 Baseline patient characteristics

Age, yrs. 47 ± 14

Male 27 (45%)

Body mass index, kg/m2 31 ± 7

Primary prevention ICD 44 (90%)

EF, % 38 ± 15

Cardiac etiology

ARVC 2 (4.1%)

HCM 6 (12.2%)

ICM 14 (28.6%)

LQTS 1 (2%)

LVNC 2 (4.1%)

NICM 20 (40.8%)

Others 4 (8.2%)

Other medical history

Congestive heart failure 35 (71.4%)

NYHA class I 7 (14.3%)

NYHA class II 22 (44.9%)

NYHA class III 6 (12.2%)

Atrial arrhythmia 5 (10.2%)

COPD 1 (2%)

CKD 4 (8.25)

CAD 20 (40.8%)

Hypertension 28 (57.1%)

Diabetes 11 (22.4%)

Intracardiac thrombus 5 (10.2%)

Chronic pain 3 (6.1%)

Prior transvenous ICD 3 (6.1%)

Medication used

Narcotics 1 (2%)

Beta blocker 43 (87.8%)

Calcium channel blocker 2 (4.1%)

ACE inhibitor/ARB 29 (59.2%)

Aldosterone antagonist 16 (32.7%)

Sacubitril-valsartan 5 (10.2%)

Anti-arrhythmic drug 3 (6.1%)

Aspirin 22 (44.9%)

Other antiplatelet drug 8 (16.3)

Anticoagulation drug

Warfarin 3 (6.1%)

Apixaban 5 (10.2%)

Rivaroxaban 1 (2%)

Continuous variables are given in mean ± standard deviation while the
categorical variables are given in number (n) and percentage (%)

EF, ejection fraction; ARVC, arrhythmogenic right ventricular cardiomy-
opathy; HCM, hypertrophic cardiomyopathy; ICM, ischemic cardiomy-
opathy; LQTS, long QT syndrome; LVNC, left ventricular non-
compaction; NICM, non-ischemic cardiomyopathy; COPD, chronic ob-
structive pulmonary disease; CKD, chronic kidney disease; CAD, coro-
nary artery disease; ICD, implantable cardioverter-defibrillator; ACE,
angiotensin-converting enzyme; ARB, angiotensin receptor blocker

Table 2 Procedure and anesthetic care details

ASA classification

I 1 (2%)

II 2 (4.1%)

III 24 (49%)

IV 22 (44.9%)

Mallampati class

I 12 (24.5%)

II 32 (65.3%)

III 4 (8.2%)

IV 1 (2%)

Pre-procedural NPRS

Mild (0–5) 47 (95.9%)

Moderate (6–7) 1(2%)

Severe (8–10) 1(2%)

Radial arterial line placement 4 (8.2%)

Anesthesia type

GA 23 (47%)

Endotracheal intubation 21 (42.9%)

Laryngeal mask airway 2 (4.1%)

MAC 26 (53%)

Total bupivacaine dose, ml (2.5 mg/ml) 39.6 ± 10.6

Attempted DFT 42 (85.7%)

Successful DFTwith 65 J shock 42 (85.7%)

Total procedure time, min 80 ± 39

Total in-room time, min 154 ± 45

Total time in post recovery room, min 248 ± 71

Total in-hospital stay, min 534 ± 80

Continuous variables are given in mean ± standard deviation while the
categorical variables are given in number (n) and percentage (%)

ASA, the American Society of Anesthesiologists;GA, general anesthesia;
MAC, monitored anesthesia care; NPRS, numeric pain rating scale; DFT,
defibrillation threshold testing
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defibrillator and send home) was devised to achieve effective
pain control in the outpatient setting.

Previously, it was presumed that the large S-ICD generator
pocket, extensive soft tissue dissection, and subcutaneous
tunneling would require inpatient administration of potent par-
enteral analgesics such as morphine and hydromorphone post-
operatively to achieve adequate pain control. Consequently,
patients following the elective outpatient S-ICD implantation
were hospitalized to a cardiac telemetry unit. In devising a
specific analgesic protocol for S-ICD implantation, a wide
range of prophylactic pain medications were considered, in-
cluding NSAIDs, opioid, gabapentinoid (gabapentin and
pregabalin), and acetaminophen, as well as adjuvant peripher-
al regional anesthesia [14, 15]. Given the wide availability and
cardiovascular safety profile, a simple combination of oral
acetaminophen 975 mg and oxycodone 10 mg 1–2 h prior to
the incision was chosen. With regard to the choice of local
anesthetics, lidocaine, bupivacaine, liposomal bupivacaine,
and a mixture of lidocaine and bupivacaine were considered.
Previously, lidocaine had been used in our institution for all S-
ICD implantation. It has a rapid onset but duration of only up
to 2 h. Bupivacaine provides an intermediate onset and a lon-
ger duration of analgesia for up to 14 h [16]. Lidocaine and
bupivacaine can be mixed in order to merit from the immedi-
ate onset of lidocaine and longer effects of bupivacaine.
However, 0.25% (2.5 mg/ml) bupivacaine alone was selected
to simplify the protocol so as to avoid dose miscalculation that
may arise from mixing lidocaine and bupivacaine. Liposomal
bupivacaine is a new formulation of bupivacaine that provides

slow and sustained release of bupivacaine, and its local effect
can last up to 3 days. It is, however, expensive, and cost-
effectiveness data of this formulation compared with plain
bupivacaine are lacking [17].

The DASH protocol was predicated on the extensive prior
S-ICD experience and availability of the multidisciplinary
team at our institution. More than 300 S-ICDs have been
implanted at our institution. The multidisciplinary care team,
including anesthesiologists, nurse anesthetists, and device
clinic nurses, have had extensive clinical experience caring
for patients with S-ICD implantation. Follow-up phone calls
from the experienced electrophysiology nurses likely
reassured our patients and prevented unnecessary hospital or
clinic visits solely for pain control.

4.3 Self-reported pain scale and medication use

Up to 14% of our patients reported severe pain (NPRS ≥ 8) on
day 1 through day 3 post-operatively. Accordingly, most pa-
tients (88%) took at least 1 oxycodone-acetaminophen tablet
by day 3. However, the pain was controlled with oral medica-
tions and no patients returned to the hospital for intravenous
pain control. With regard to opioid prescription, only 10 tablets
of low-dose oxycodone-acetaminophen were prescribed at the
time of discharge and no refill rule was strictly enforced. It is
reassuring to note that the risk of opioid abuse and dependence
associated with a low dose and short-term use is considerably
lower than high dose and/or long-term opioid use [18].

Fig. 3 Pain level according to
days from implantation (days 0,1,
14, and 30). POD, post-operative
day; NPRS, numeric pain rating
scale
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4.4 Complications

There were 2 unplanned healthcare visits (4%) within 30 days
of implantation conclusively related to S-ICD implantation
due to incisional infection successfully treated with oral anti-
biotics and inappropriate shocks due to oversensing, leading
to S-ICD removal. Neither of these complications, however,
would have been prevented even if they had stayed overnight
in the hospital following outpatient S-ICD implantation.

4.5 DFT testing

The current guidelines give a class I indication for DFT
testing during S-ICD implantation, and it is our routine
practice to perform DFT unless contraindicated. [19] In
this study, the vast majority of patients underwent DFT
testing (43 out of 50, 86%) and 4 patients (8%) received a
10 J shock to insure S-ICD system integrity. Only 3 pa-
tients (6%) underwent neither DFT nor 10 J shock testing.
Overall, DFT testing did not impede patients from being
discharged on the same day.

4.6 Limitations

Several limitations of the study should be noted. First, by the
study design, this is a single arm prospective study without a
control group. Therefore, it is unknown whether outpatient S-
ICD patients could have been discharged safely with adequate
pain control without the specific analgesic protocol. Based on
our shared experience with S-ICD implantation, pain associ-
ated with the larger device pocket, extensive soft tissue dis-
section, and subcutaneous tunneling was felt to be more se-
vere than that of small pectoral devices. It was therefore
deemed unethical to randomize patients or assign eligible pa-
tients to a control group. Second, only outpatients were in-
cluded in this study and the majority of the subjects were for
primary prevention SCD indication. Hence, the findings are
not entirely applicable to inpatients, who are generally sicker
and medically complex. We have, however, adopted the same
prophylactic analgesic protocol as the standard of care for all
S-ICD implantation in our clinical practice. Third, this is a
small single-center study, and implementation of the same-
day discharge protocol may not be applicable or safe in hos-
pitals with limited S-ICD experiences. There is a significant
learning curve for physicians newly adopting the S-ICD [20].

5 Conclusions

With the appropriate institutional protocol, same-day dis-
charge after outpatient S-ICD implantation is feasible and ap-
pears safe for most patients. Although device-related pain can
be pronounced over the first 3 days post-implantation, this

pain and patient anxiety was well-managed by a short course
of narcotics and phone support provided by a nurse.
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