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Abstract

Background: The upper extremity siding cardiac implantable electrical device tends to
have a limited range of motion during the perioperative period; however, the underly-
ing reason lacks scientific evidence. This study aimed to investigate the safety of the
two methods (stepwise or early) of postoperative early upper extremity rehabilitation.
Methods: We retrospectively investigated 650 consecutive patients with a new
implantable pacemaker (PM), implantable cardioverter-defibrillator (ICD), cardiac
resynchronization therapy (CRT), or generator exchange between March 2017 and
December 2020.

The limitation program was conducted from March 2017 to March 2018. The inter-
vention program started as a stepwise protocol in April 2018 and was switched to an
early protocol in December 2019.

Results: This study analyzed 591 patients, excluding 59 who met the exclusion cri-
teria. The mean age was 76.0 (69.0-82.0) years; 412 (69.7%) patients had a PM, 79
(13.4%) had an ICD, and 100 (16.9%) utilized CRT. There were 155 patients in the
limitation protocol, 251 in the stepwise protocol, and 185 patients in the early proto-
col groups. Postoperative complications occurred in 53 (9.0%) patients. There was no
significant difference in the incidence of all complications between the three groups
(16 patients [10.3%] vs. 26 patients [10.4%] vs. 11 patients [5.9%)]). Shoulder exercise-
related complications were defined as hematoma (p=.94), lead dislodgement (p=.16),
and increased pacing threshold (p =.23). General complications included wound infec-
tion (p=.51), pneumothorax (p=.27), tamponade (p=.07), and deep venous thrombo-
sis (p=.26).

Conclusion: Raising of the upper extremity siding cardiac implantable electrical de-

vices above the head did not compromise postoperative safety.
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1 | INTRODUCTION

Pacemakers (PM), implantable cardioverter defibrillators (ICD),
and cardiac resynchronization therapy (CRT) reduce the inci-
dence of sudden cardiac death,*? improving survival and quality
of life (QOL).% Furthermore, cardiac implantable electrical de-
vices (CIED)*¢ are safe, reliable, and the number of procedures
has increased.””'° Within the last few years, rehabilitation of the
upper extremity on the side of the CIED will become an import-
ant component area in the field of CIED, attributable to the re-
strictive use of the upper extremity on the side of the CIED.1*?
However, many hypotheses regarding the limitations of the
upper extremity on the side of CIED use are not well-grounded,
and restriction of movement of the upper extremity using a rib
belt has been performed unfoundedly in many institutions. In
recent years, several problems of the upper extremity on the
side of the CIED have been reported,*® for example, pain, limited
range of motion, and subjective loss of upper extremity func-
tion. Furthermore, these problems of the upper extremity on the
side of the CIED affect not only physical activity but also mental
health and quality of life.? Thus, the use of the upper extremity
on the side of the CIED in daily life situations is important to
improve the physical health, mental health, and quality of life of
postoperative CIED patients.

Rehabilitation interventions have been proposed to improve
upper-extremity function on the side of the CIED. It has been
reported that early postoperative pendulum exercise of the
upper extremity on the CIED side improved the range of motion
of shoulder joint.!* Furthermore, a study'® reported that exer-
cise therapy using an elastic band improved shoulder function
on the side of the CIED. These two reports suggest that the
upper extremity function adjacent to the CIED can be improved
by rehabilitation after CIED surgery. Although these rehabilita-
tion programs are innovative, they propose limitations that the
upper extremity on the side of the CIED should not be raised
above shoulder height. This is to avoid the risk of exacerbation
of wound hematoma, lead dislodgement, and wound dehiscence.

In contrast,11

opposite findings have reported that early raising
of the upper extremity on the CIED side above the head does
not cause lead dislodgement or impedance fluctuation. However,
the main weakness of this study was the small sample size (10
patients). Thus, whether the upper extremity on the side of the
CIED can be safely raised above the head after CIED surgery has
not yet been established.

Hence, the aim of this novel study was to investigate the safety
of raising the upper extremity above the head on the side of the
CIED postoperatively.

We hypothesized that there would be no difference in the in-
cidence of complications between patients who raised the upper
extremity on the side of the CIED above the head and those who
did not raise the upper extremity on the side of the CIED above the
head.
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2 | METHODS

2.1 | Participants and data collection

This was a single-center case-control retrospective study. We en-
rolled patients with newly implanted CIED (PM, ICD, CRT) and
patients who underwent generator exchange at the hospital from
March 4, 2017 to December 15, 2020. The exclusion criteria were
patients who had undergone subcutaneous cardioverter defibrilla-
tor implantation and patients who visited another hospital 1 month
after surgery. All atrial and ventricular leads used intraoperatively
in this study period were active fixation leads. For all patients, we
collected data on age, sex, diagnosis, co-morbidities, medical his-
tory, echocardiographic findings, laboratory data, date of surgery,
operative records, routine medical procedures, the range of motion
of shoulder joint on the patient's side of the CIED, and rehabilita-
tion program from the electronic medical record system. We de-
fined hematoma, swelling, wound dehiscence, lead dislodge, pacing
threshold or lead impedance values requiring re-treatment, wound
infection, pneumothorax, tamponade, and venous obstruction as
complications based on a previous study.“’

The patients in the first group underwent surgery and were fol-
lowed by physicians, and they did not receive any rehabilitation after
surgery (limitation group) from March 4, 2017 to March 15, 2018
(Figure 1). The patients in this group used a rib belt postoperatively
for prevention of lead dislodgement due to conscious or unconscious
movement of their shoulder and prevention of wound hematoma
and were allowed to remove it at discharge. Patients were given two
instructions: the range of motion of the shoulder joint adjacent to
the CIED should not be more than 90 degrees in flexion and abduc-
tion, and to restrict upper extremity usage on the side of the CIED
immediately after the implantation till discharge.

Patients in the second group increased the range of motion of
the shoulder joint on the side of the CIED stepwise (stepwise pro-
tocol group) supervised by occupational therapists from March 20,
2018 to November 28, 2019 (Figure 2). The patients in this group
used a rib belt postoperatively. On the first postoperative day, the
occupational therapist increased the range of motion of the shoulder
joint on the side of CIED flexion and abduction to 45 degrees. On the
second postoperative day, the patients were allowed to move the
shoulder joint of the upper extremity on the side of CIED flexion and
abduction within 90 degrees. They were allowed to remove the rib
belt when the shoulder of the upper extremity on the side of CIED
reached flexion and abduction angle of 90 degrees. On the third day,
they were allowed to move the shoulder joint of the upper extremity
on the side of the CIED flexion and abduction of 120 degrees and
this was increased to 180 degrees by postoperative day four. On
the fifth postoperative day, the patients were told by occupational
therapists that a protocol of no restrictions on using the upper ex-
tremity on the adjacent side of CIED in daily life. However, there are
restrictions such as not vigorously rotating the arm and not moving

that shoulder joint into excessive horizontal abduction positions. In
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First postoperative day to discharge

Second

Shoulder joint flexion || Shoulder joint flexion || Shoulder joint flexion
and abduction to
120 degrees

and abduction to
90 degrees

and abduction to
45 degrees

Shoulder flexion and abduction to 90 degrees.
The rib belt was used for prevention of wound hematoma and
restriction of shoulder movement on the side of the CIED until the
discharge.

postoperative day | postoperative day J postoperative day J postoperative day | day to discharge

FIGURE 1 The limitation protocol.

Fourth Fifth operative

. No restrictions on
using the upper
extremity on the side
of the CIED in daily
life.

The use of
rib belt

v
The rib belt was used
until the second
operative day

Shoulder joint flexion
and abduction to

180 degrees

FIGURE 2 The stepwise protocol.

case of pain, hematoma, swelling, or wound dehiscence at the surgi-
cal wound site, the range of motion of shoulder joint exercises during
hospitalization was limited to 90 degrees of flexion and abduction.
From December 7, 2019 to December 15, 2020, the patients
were allowed to move intentionally the range of motion of the
shoulder joint on the side of the CIED flexion and abduction
to 180 degrees from the day after surgery if there was no pain
(early protocol group) supervised by occupational therapists

(Figure 3). Patients in this group were not allowed to use a rib belt

postoperatively. The occupational therapist performed the range
of motion of shoulder joint exercises, daily living exercises, and
upper extremity functional exercises on the side of the CIED ac-
cording to pain from the day after surgery. Similar to the stepwise
rehabilitation group, if there was pain, hematoma, swelling, or
wound dehiscence at the surgical wound site, the range of motion
of the shoulder joint of the upper extremity on the side of the
CIED exercises during hospitalization was limited to 90 degrees of

flexion and abduction.
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FIGURE 3 The early protocol.

Shoulder flexion and abduction to 180
degrees

No restrictions on using
the upper extremity on
the side of the CIED in
daily life.

FIGURE 4 Flowchart showing the
selection of the study population.

Newly implanted CIED (PM, ICD, CRT) and who underwent battery
replacement at our hospital from March 4, 2017 to December 24, 2020

N=650

2.2 | Statistical analysis

To verify the safety of each protocol, we compared the frequency
of complications and evaluated them using Fisher's exact probabil-
ity test in three groups. Previous studies have reported the influ-
ence of anticoagulation and antiplatelet therapies on hematoma,
swelling, and wound dehiscence.''® To evaluate the complication
rates of hematoma, swelling, and wound dehiscence, the use of an-
ticoagulation therapy and antiplatelet therapy in three groups was
analyzed. Statistical analysis was performed using EZR version 1.52
(Saitama Medical Center, Jichi Medical University), which is a graphi-
cal user interface for R version 4.02 (The R Foundation for Statistical

Computing), with the level of significance set at 5%.

2.3 | Ethical considerations

This study was approved by the Ethics Committee of our hospital
(No. 2021-208). The requirement of informed consent from patients
was waived, and we adopted an opt-out method, which allows pa-
tients to express their desire not to participate. It was approved by

e Undergone subcutaneous
implantable cardioverter
defibrillator implantation: N=11

» Patients who visited at other
hospital at 1 month surgery: N=48

N=591

the ethics committees. The information regarding the use of medical
record data for the study and the opt-out method is presented on
our hospital's website.

3 | RESULTS

A total of 650 patients were included in the study. Eleven pa-
tients who were postoperative with a subcutaneous implantable
cardioverter-defibrillator, and 48 patients who were seen at an-
other hospital in the first month after surgery or who did not visit
the outpatient clinic were excluded, resulting in a final analysis of
591 patients (Figure 4). The participant characteristics are described
in Table 1. The mean age was 76.0 (69.0-82.0) years, 253 patients
(42.8%) were women, 412 patients (69.7%) used PM, 79 patients
(13.4%) utilized ICD, and 100 patients (16.9%) had CRT. There were
155 patients, 251 patients, and 185 patients in the limitation, step-
wise, and early protocol groups, respectively. The rib belt wearing
rate was 100% in the limitation group and the stepwise group and
the average usage days were 10.6+9.9days and 2.3+ 1.7 days, re-
spectively. However, no patient in the early protocol group used the
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TABLE 1 Participant characteristics.

Sex

Female

Male
Height (cm)
Body weight (kg)
Age (years)

Rib belt wearing rate

Number of days with rib belt (days)

Laboratory data
BNP (mg/dL)
Cr (mg/dL)
eGFR (mL/min/1.73m?)
Hb (g/dL)
LVEF (%)

Na (mEq/L)
PT-INR

Etiology
CAVB
SSS
Advanced AVB
DCM
HCM
VT/VF
HF

Atrial fibrillation with bradycardia

MI
Paroxysmal AVB

Tachycardia bradycardia syndrome

Pacing-induced cardiomyopathy

Treatment in previous surgery
ACE.ARB
B-blocker
MRA
Amiodarone
Antiplatelet therapy
Anticoagulation therapy
Diuretic

Type of CIED
PM
ICD
CRT

TAKEDA ET AL.
Overall Limitation Stepwise protocol Early protocol
N=591 N=155 N=251 N=185 p-value
253 (42.8) 69 (44.5) 99 (39.4) 85 (45.9) 0.35
338(57.2) 86 (55.5) 152 (60.6) 100 (54.1)
159.0 [151.0, 165.0] 158.0[151.0, 165.0] 160.0[151.0, 165.2] 158.5[151.0,165.0] 0.52
56.9 [48.62, 65.5] 56.0[49.0, 63.4] 57.8 [49.4, 66.4] 56.7 [47.6, 65.4] 0.32
76.0[69.0, 82.0] 76.0[70.0, 83.0] 76.0[68.0, 81.0] 76.0[70.0, 82.0] 0.21
406 (68.7) 155 (100.0) 251 (100.0) 0(0.0) <0.01
3.8+6.7 10.6+9.9 23+1.7 0.0+0.0 <0.01
133.5[50.1, 303.9] 128.3[54.0,285.1]  136.3 [49.8, 307.0] 132.2 [47.6,308.6] 0.98
0.9 [0.7,1.2] 0.9[0.7,1.2] 0.9 [0.8, 1.1] 0.9[0.7,1.2] 0.89
57.5[41.8,72.7] 59.0 [41.9, 74.3] 57.6 [43.7,72.6] 56.6[39.1,71.2] 0.64
12.7 [11.4, 14.0] 12.8[11.6,13.9] 12.9 [11.6, 14.3] 12.4[11.1,13.7] 0.06
59.0 [42.0, 72.0] 61.0[47.5, 73.0] 58.5(38.0, 72.0] 56.0 [45.3, 69.0] 0.35
141.0 [139.0, 142.0] 141.0 [139.0, 142.0]  140.0[139.0, 142.0] 141.0 [138.0, 142.0] 0.99
1.1[1.0,1.3] 1.1[1.0, 1.5] 1.1[1.0,1.4] 1.1[1.0,1.2] 0.07
203 (34.4) 55(35.5) 75 (30.0) 73(39.5) 0.12
144 (24.4) 41 (26.5) 64 (25.6) 39(21.1)
54(9.2) 16 (10.3) 21(8.4) 17(9.2)
32(5.4) 5(3.2) 20(8.0) 7(3.8)
22(3.7) 6(3.9) 8(3.2) 8(4.3)
57 (9.7) 22(14.2) 23(9.2) 12 (6.5)
46(7.8) 4(2.6) 26(10.4) 16 (8.6)
6(1.0) 2(1.3) 1(0.4) 3(1.6)
14 (2.4) 3(1.9) 5(2.0) 6(3.2)
10(1.7) 1(0.6) 5(2.0) 4(2.2)
1(0.2) 0(0.0) 1(0.4) 0(0.0)
1(0.2) 0(0.0) 1(0.4) 0(0.0)
214 (36.2) 46 (29.7) 102 (40.6) 66 (35.7) 0.08
186 (31.5) 39(25.2) 86 (34.3) 61 (33.0) 0.13
116 (19.6) 30 (19.4) 53(21.1) 33(17.8) 0.71
88 (14.9) 15(9.7) 47 (18.7) 26 (14.1) 0.04
116 (19.6) 31(20.0) 56(22.3) 29 (15.7) 0.23
164 (27.7) 25(16.1) 85 (33.9) 54(29.2) <0.001
206 (34.9) 49 (31.6) 95 (37.8) 62 (33.5) 0.40
412 (69.7) 112(72.3) 170 (67.7) 130 (70.3) 0.68
79 (13.4) 32(20.6) 31(12.4) 16 (8.6) 0.01
100 (16.9) 11(7.1) 50(19.9) 39(21.1) <0.001

Note: The continuous variables are means + standard deviations. The nominal scales are N (%), median [inter-quartile range].

Abbreviations: ACE, angiotensin-converting enzyme; AVB, advanced atrioventricular block; ARB, angiotensin Il receptor blocker; BNP,
brain natriuretic hormone; CAVB, complete atrioventricular block; CIED, cardiac implantable electrical device; Cr, creatinine; CRT, cardiac
resynchronization therapy; DCM, dilated cardiomyopathy; LVEF, left ventricular ejection fraction; eGFR, estimated glomerular filtration rate; HCM,
hypertrophic cardiomyopathy; HF, heart failure; HGB, hemoglobin; ICD, implantable cardioverter defibrillator; LVEF, left ventricular ejection fraction;
MRA, mineralocorticoid receptor antagonist; Na, sodium; PM, pacemaker; SSS, sick sinus syndrome; VT, ventricular tachycardia; VF, ventricular

fibrillation.
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rib belt. Complication rates are listed in Table 2. Postoperative com-
plications occurred in 53 (9.0%) patients. Hematoma, swelling, and
wound dehiscence occurred in 14 patients (2.4%), lead dislodgement
in 15 patients (2.5%), unstable pacing threshold or lead impedance
values requiring repositioning in 16 patients (2.7%), wound infec-
tion in two patients (0.3%), pneumothorax in three patients (0.5%),
tamponade in two patients (0.3%), and venous obstruction in one
patient (0.2%). There was no significant difference in the incidence
of any complications among the three groups, regardless of the type
of device or type of implant (16 patients [10.3%] vs. 26 patients
[10.4%] vs. 11 patients [5.9%)]). There were no significant differences
in the rates of shoulder exercise-related complications (hematoma,
lead dislodgement, and rising pacing threshold) and general compli-
cations (wound infection, pneumothorax, tamponade, and deep ve-
nous thrombosis) between the three groups (Table 2).

The characteristics of patients with lead dislodgement are listed
in Table 3. Four patients had dislodgement with a range of motion
of the shoulder joint at 90 degrees of flexion and abduction. Ten
patients had lead dislodgement during the range of motion of the
shoulder joint at 45 degrees flexion and abduction. Eight patients
experienced lead dislodgement before beginning rehabilitation.
Eight patients consisted of three in the limitation group, three in the
stepwise group, and two in the early protocol group.

We compared the incidence of hematoma, swelling, and wound

dehiscence in the limitation, stepwise protocol, and early protocol

TABLE 2 Results of the complication rates.

Overall Limitation
N=591 N=155

Any complication 53(9.0) 16 (10.3)
Type of device

PM 37 (6.3) 12(7.7)

ICD, CRT 16 (2.7) 4(2.5)
Type of implant

New CIED implant 48 (8.1) 15(9.7)

Generator exchange 5(0.8) 1(0.6)
Shoulder exercise-related complication

Hematoma 14 (2.4) 3(1.9)

Lead dislodgement 15 (2.5) 3(1.9)

Right ventricular lead 10(1.7) 3(1.9)

Right atrial lead 5(0.8) 0(0.0)

ICD shock lead 0(0.0) 0(0.0)
Increased pacing threshold 16 (2.7) 5(3.2)
General complication

Wound infection 2(0.3) 0(0.0)

Pneumothorax 3(0.5) 1(0.6)

Tamponade 2(0.3) 2(1.3)

Deep venous thrombosis 1(0.2) 1(0.6)

Note: The nominal scales are N (%).
Abbreviations are same as Table 1.
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groups with and without anticoagulation therapy, antiplatelet ther-
apy, and combined anticoagulation and antiplatelet therapy. No sig-
nificant differences were observed among the three groups (Table 4).

In addition, data on the range of motion of the shoulder joint pre
and post-rehabilitation were presented in Table S1. Only the data
who were surveyable were provided and patients in limitation group
have not been investigated.

There are 364 patients including the stepwise protocol group
(n=229) and the early protocol group (n=135). There was a signif-
icant difference in the range of motion of the shoulder joint flexion
and abduction at the initial assessment between the stepwise pro-
tocol and the early protocol. However, no significant difference was
observed in the final assessment.

4 | DISCUSSION

4.1 | Major findings

This study aimed to determine the safety of the upper extremity
on the side of the CIED raised above the head. There was no sig-
nificant difference in complication rates among the three groups.
Results of this study indicate that raising the upper extremity
on the side of the CIED was safe and the use of rib belt may not

have enough clinical advantage. Thus, this critical report will have

Stepwise protocol Early protocol

N=251 N=185 p-value
26 (10.4) 11 (5.9) 0.22
15(5.9) 10 (5.4) 0.70
11 (4.3) 1(0.5) 0.0501
23(9.2) 10(5.4) 0.29
3(1.2) 1(0.5) 0.59
6(2.4) 5(2.7) 0.94
10 (4.0) 2(1.1) 0.16

7 (2.8) 0(0.0) 0.06
3(1.2) 2(1.1)

0(0.0) 0(0.0)

9 (3.6) 2(1.1) 0.23
2(0.8) 0(0.0) 0.51
0(0.0) 2(1.1) 0.27
0(0.0) 0(0.0) 0.07
0(0.0) 0(0.0) 0.26
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TABLE 4 Results of complications
differences with and without
anticoagulation and antiplatelet therapy.

Anticoagulation therapy

Without anticoagulation therapy

Antiplatelet therapy

Without antiplatelet therapy

Combined anticoagulation and antiplatelet N=5

therapy

Without anticoagulation and antiplatelet

therapy

Souwnal ’y’ ' O%Z/gylé//

74

Stepwise Early

Limitation protocol protocol

N=155 N=251 N=185 p-value

N=26 N=85 N=55

0(0.0) 4(4.7) 1(1.8) 0.39

N=129 N=166 N=130

3(2.3) 2(1.2) 4(3.1) 0.53

N=31 N=56 N=29

1(3.2) 2(3.6) 2(6.9) 0.73

N=124 N=195 N=156

2(1.6) 4(2.1) 3(1.9) 0.96
N=20 N=7

0(0.0) 1(5.0) 1(14.3) 0.56

N=150 N=231 N=178

3(2.0) 5(2.2) 4(2.2) 0.99

Note: The nominal scales are N (%).

a significant impact on changing the paradigm of postoperative

CIED management.

4.2 | Comparison with prior studies

This study considered the complication rates to be within the normal
range of common complications. The overall complication rates in this
study were 7.1%: hematoma, swelling, wound dehiscence in 2.4%, lead
dislodgement in 2.5%, increased pacing threshold in 2.7%, wound in-
fection in 0.3%, pneumothorax in 0.5%, tamponade in 0.3%, and ve-
nous occlusion in 0.2%. The European Society of Cardiology guideline
2021 states that the overall complications are 5.0-15.0%, hematoma
is 2.1-5.3%, lead dislodgement is 1.0-5.9%, increased pacing threshold
is 0.1-1.5%, wound infection is 0.7-1.2%, venous occlusion is 0.1-2.6%,
pneumothorax is 0.5-2.2%, and tamponade was 0.3-0.7%. Therefore,
we believe that the results of this study did not significantly deviate
from previously reported complication rates. In this study, raising the
upper extremity above the head on the side of the CIED was not a fac-
tor in the development of postoperative complications.

Two studies investigated the relationship between rehabilita-
tion of the upper extremity and complications. The first study* re-
ported that postoperative complications occurred in two patients in
the pendulum exercise group and one in the no-exercise group after
CIED surgery. However, the complication rates were not analyzed.
Furthermore, the second study11 reported no lead dislodgement in
patients who performed exercises involving elevation of the upper
extremity on the side of the CIED in the early period after CIED
surgery. Unfortunately, the sample size in their study*! was small (10
patients). Therefore, our study analyzed a bigger sample size of 591
patients to compare the complications after CIED surgery.

The results of this study have further strengthened our convic-
tion that raising the upper extremity on the side of the CIED above
the head is not associated with lead dislodgement. To prevent lead

from being dislodged when standing or breathing, the lead is gener-
ally deflected and retained in the pocket after it is fixed in the endo-
cardium.” It would seem that although the generator and lead itself
may move upward during the raising movements of the upper ex-
tremity adjacent to the CIED, the distance of movement is small and
the possibility of traction to the extent of lead dislodgement is mini-
mal. Furthermore, the present study found no statistically significant
differences among the three groups in terms of pacing threshold or
lead impedance values that necessitated re-treatment based on the
presence or absence of upper extremity motion.

4.3 | Effect of anticoagulation therapy for
complication

Risk factors for hematoma, swelling, and wound dehiscence were
reported to be influenced by concomitant use of antiplatelet drugs17
and warfarin,'® suggesting that usage of drugs had a more signifi-
cant effect than rehabilitation of the upper extremity on the side
of the CIED. However, no significant difference was found be-
tween the antiplatelet and anticoagulation therapies in the present
study. Because wound infection, pneumothorax, tamponade, and
venous obstruction have been usually considered as perioperative
complications,*®?2 those complications seem not to be related to the

shoulder rehabilitation. Our results supported those speculations.

44 | Assessment of the range of motion of
the shoulder joint and the use of rib belt after
CIED surgery

Our study showed that the early protocol could detect limitation
in the range of motion of the shoulder joint after the surgery. It has
been reported that the range of motion of shoulder joint flexion and
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abduction must have at least 130 degrees to allow patients to per-
form upper extremity tasks and self-care at a position higher than the
head.?® However, even in the early protocol group, shoulder motion
was no more than 130 degrees by an initial assessment. In addition,
we believe that the use of rib belt may not have any clinical advan-
tages after the implantation of CIED because there were no significant
differences in the rate of complications including lead dislodgement
among three groups of patients, that is, patients of the limitation group
using a rib belt, patients of the stepwise group using a temporary rib

belt, and the patients of the early group who did not use a rib belt.

4.5 | Clinical implication

This study provides additional support that the raising of upper ex-
tremities on the side of the CIED above the head is safe. Relief from
a limited range of motion on the side of the CIED, which adversely
affects patient activity and mental health, is important for the quality
of life of CIED patients. Thus, our research has highlighted the impor-

tance of exercise of the shoulder joint after the implantation of CIED.

4.6 | Study limitation

This study has some limitations. First, long-term safety and efficacy
are unknown because the postoperative follow-up period was only
1month. In addition, the p-value was .0501 for the comparison of
the three groups with high-power devices such as ICD and CRT.
Therefore, the results of this group of patients with high-power de-
vices may vary depending on sample size and number of events.
Therefore, it is necessary to validate the efficacy of this study in
terms of delayed complications and upper-extremity function
through follow-up. Second, all the data were collected from a sin-
gle center. Ellenbogen et al. and Kirkfeld group reportedw’z4 that
the complication rates differed depending on the number of CIED
surgeries performed at a hospital. Further multicenter study needs
to be done to establish the safety of the upper extremity on the
side of the CIED rehabilitation. Third, the degree of improvement in
the range of motion of the shoulder joint on the side of the CIED is
unclear. Future studies on the current topic are therefore required
for preoperative and postoperative measurements of the range of
motion of the shoulder joint on the side of the CIED. Fourth, the
number of days that the limitation group wore the rib belt after dis-
charge from the hospital is unclear. There is no evidence for the use
and usage period of rib belts after CIED implantation, thus prospec-

tive studies may be needed to corroborate our results.

5 | CONCLUSION

The exercise in the upper extremity on the side of the CIED with
shoulder joint elevation and abduction from the day after the CIED
did not compromise postoperative safety.
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