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Abstract

Background: Temporary transvenous pacing in critically ill patients requiring prolonged cardiac pacing is associated with a

high risk of complications. We sought to evaluate the safety and efficacy of self-contained intracardiac leadless pacemaker

(LPM) implantation in this population. Methods and Results: Consecutive patients implanted with a Micra LPM during the

hospitalization in an intensive care unit were retrospectively included. Inclusion criteria were: [?]1 supracaval central venous,

or a ventilation tube, or intravenous antibiotic therapy for ongoing sepsis or bacteremia. Patients with a history of previous

implantation of a pacemaker were excluded. Out of 1,016 patients implanted with an LPM, 99 met the inclusion criteria. Mean

age was 75 years and Charlson comorbidity index 7. LPM implantation was successfully performed in 98% of cases, with a

peri-operative complication rate of 5%, mainly cardiac injuries. In-hospital mortality rate was 6%. No late (>30 days) device-

related complication occurred, especially no infection. Conclusions: LPM appears as an acceptable alternative to conventional

temporary transvenous pacing in selected critically ill patients requiring prolonged cardiac pacing, especially regarding the risk

of infection.
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PUJOL-LOPEZ, Raphaël MARTINS, and Clemens STEINWENDER contributed substantially to the ac-
quisition of data, and provided critical revision of the article.

2



P
os

te
d

on
A

u
th

or
ea

2
M

ar
20

21
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
61

46
47

48
.8

90
55

24
5/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

All authors provided final approval of the version submitted for publication.

ABSTRACT

Background: Temporary transvenous pacing in critically ill patients requiring prolonged cardiac pacing is
associated with a high risk of complications. We sought to evaluate the safety and efficacy of self-contained
intracardiac leadless pacemaker (LPM) implantation in this population.

Methods and Results: Consecutive patients implanted with a Micra LPM during the hospitalization in an
intensive care unit were retrospectively included. Inclusion criteria were: [?]1 supracaval central venous, or a
ventilation tube, or intravenous antibiotic therapy for ongoing sepsis or bacteremia. Patients with a history
of previous implantation of a pacemaker were excluded. Out of 1,016 patients implanted with an LPM, 99
met the inclusion criteria. Mean age was 75 years and Charlson comorbidity index 7. LPM implantation was
successfully performed in 98% of cases, with a peri-operative complication rate of 5%, mainly cardiac injuries.
In-hospital mortality rate was 6%. No late (>30 days) device-related complication occurred, especially no
infection.

Conclusions: LPM appears as an acceptable alternative to conventional temporary transvenous pacing in
selected critically ill patients requiring prolonged cardiac pacing, especially regarding the risk of infection.

KEY WORDS

Leadless; pacemaker; intensive care; temporary pacing.

Unstructured Abstract

Temporary transvenous pacing in critically ill patients requiring prolonged cardiac pacing is associated with
a high risk of complications. Leadless pacemaker implantation in patients hospitalized in intensive care
unit is feasible in almost 100% of cases and associated with a 5% procedure-related complications rate. It
appears as an interesting alternative to conventional temporary transvenous pacing in selected critically
ill patients requiring prolonged cardiac pacing, to reduce the risk of both acute and late complications,
especially infections and pacing failures.

What’s New?

Leadless pacemakers can be safely implanted in ICU patients requiring prolonged pacing, with a <5%
complication rate, and no infection.

A permanent leadless pacemaker can be proposed as an alternative to temporary transvenous pacing to
critically-ill patients with persistent symptomatic bradycardia episodes.

ABBREVIATION LIST

ICU: intensive care unit

IQR: interquartile range

LPM: leadless pacemaker

PPM: permanent cardiac pacemaker

SD: standard deviation

TTP: transvenous temporary pacing

INTRODUCTION

Critically ill patients may present a permanent, or at least prolonged, indication of cardiac pacing, either
because they are hospitalized following severe bradycardia, or because they incidentally develop repetitive
or persistent bradycardia episodes in addition to a primary severe medical condition [1]. These patients

3
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may initially require transvenous temporary pacing (TTP), and if bradycardia persists, eventually the im-
plantation of a permanent cardiac pacemaker (PPM). Conventional transvenous PPM implantation can be
challenging in patients with multiple central venous lines. It is also associated with an increased risk of
severe complications, such as pneumo/haemothorax, haematoma, cardiac injury, lead dislodgement, and of
course infection (local pocket and/or lead endocarditis) which often drives the prognosis in this population
[2].

Leadless pacemakers (LPMs) have recently emerged as a useful tool in patients requiring a permanent
single-chamber pacing device [3,4]. They have been shown to be associated with a low rate of complications,
especially a virtually zero risk of infection, even in patients with a previous device infection [5,6]. Moreover,
as their implantation is performed through a transvenous femoral approach, they are first-choice devices in
patients with unsuitable supracaval venous access.

We sought to evaluate the safety and efficacy of LPM implantation in the high-risk population of patients
hospitalized in intensive care unit (ICU) who require prolonged cardiac pacing.

METHODS

Study population

Patients implanted with the Micra Transcatheter Pacing System (Medtronic, Minneapolis, MN, USA), from
9 major tertiary European LPM implanting centers, between September 2015 and August 2019 (4 years),
and followed in the Micra Transcatheter Pacing System Post-Approval Registry (NCT02536118) were retro-
spectively screened.

Inclusion criteria were: patients with an indication of prolonged cardiac pacing, who underwent an LPM
implantation during the hospitalization in an ICU; and the presence of at least one of the following: [?]1
supracaval central venous line (including hemodialysis catheter), or a ventilation tube, or intravenous antibi-
otic therapy for ongoing sepsis or bacteremia. Exclusion criteria were: previous implantation of a pacemaker.
This study was conducted in accordance with the amended Declaration of Helsinki, and written informed
consent was obtained from all patients or their substitute decision-makers.

Data on clinical characteristics of patients, especially comorbidities, LPM implantation procedure, duration
of hospitalization were collected. Patients had regular cardiovascular consultation including LPM interroga-
tion of electrical parameters ([?]1 per year).

Statistical analyses

The analyses were performed on JMP 9.0 software (SAS Inc., Cary, NC, USA). Continuous data were pre-
sented as median and standard deviation (SD) or interquartile range (IQR). Categorical data were reported
as frequencies and percentages. Comparisons used the χ2 or Fisher’s exact test for categorical variables
and Student’s t test or Mann–Whitney–Wilcoxon test, when appropriate, for continuous variables. Sur-
vival curves were calculated using the Kaplan-Meier method. A two-tailed p-value <0.05 was considered
statistically significant.

RESULTS

Population

A total of 1,016 consecutive patients implanted with a Micra TPS LPM during the inclusion period were
screened, of whom 99 (9.7%) met the inclusion criteria. Clinical characteristics of patients are reported
inTable 1 .

The primary diagnosis for admission in ICU was cardiovascular in 86 patients (87%): extreme bradycardia
(n=30) or cardiac arrest (n=2), ventricular arrhythmias (n=2), post-operative following transcatheter aortic
valve replacement (n=26) or open-chest cardiac surgery (n=8), cardiogenic shock (n=8) or heart failure
(n=3), and endocarditis (n=7). Other main diagnoses were: septic shock (n=2) or sepsis (n=1) (excluding

4
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endocarditis), acute respiratory distress syndrome (n=3), post-operative following abdominal surgery (n=3),
ketoacidosis (n=1), hypovolemic shock (n=1), hepatic encephalopathy (n=1), and severe burn (n=1).

Implantation

LPM implantation was performed a median of 8 days following admission in ICU (range 1-180, IQR 10 days)
(Table 2 ). Indication was high degree atrioventricular block in 86 patients, and sick sinus syndrome in 13.
Only 52% of patients had a concomitant atrial arrhythmia.

LPM implantation was successfully performed in all but 2 cases (98%): no adequate acute pacing threshold
([?]2.0 volts) could be obtained after up to 15 different positionings in 1 patient; the tricuspid valve could
not be crossed in 1 patient with a history of heart transplantation. Approach was through the right femoral
vein in 95 patients, left femoral vein in 4. A total of 71% of patients underwent a single positioning before
reaching a final position (91% interventricular septum, 9% right ventricular apex), the total of positionings
being [?]2 in 88% of cases. Median pacing threshold at implantation was as low as 0.38 volt, with 0.24
millisecond of pacing spike duration (range 0.13-1.63, IQR 0.25 volt).

A total of 4 procedure-related cardiac injuries occurred: 3 patients with a tamponade requiring percutaneous
pericardial drainage, and 1 with a well-tolerated pericardial effusion (Table 3 ). One patient died, an 82-
year-old woman hospitalized following a prolonged cardiac arrest due to complete atrioventricular block: a
cardiac tamponade after the procedure was successfully drained, however she developed rapid lethal multi-
system organ failure. Patients with cardiac injury were significantly more likely to have diabetes (75%
versus 26%, p=0.04), liver failure (75% versus 5%, p=0.001) and normal coronary arteries (100% versus
42%, p=0.0002).

No complication related to the vascular access (groin hematoma, fistula, etc) occurred.

Follow-up

The median follow-up period was 19 months (IQR 40 months).

Among the 97 patients successfully implanted with an LPM, 6 (6.1%) died during hospitalization after a
median of 17 days (range 1-37, IQR 22 days): 1 from a procedure-related tamponade, and 5 from ongoing
septic shock unrelated to the implantation procedure. One patient had a high rise of the pacing threshold
necessitating the implantation of a conventional pacemaker 4 days following LPM implantation (Table 3 ).
In-hospital and 30-day mortality rates were 6 and 7%, respectively (Figure 1 ).

Ninety-one patients were discharged after a median of 5 days following LPM implantation (range 1-38, IQR
6 days). All discharged patients had excellent electrical performances at first follow-up visit with a median
of 0.5 volt of pacing threshold at 0.24 millisecond (range 0.13-1.13, IQR 0.12 volt). Median percentage of
ventricular pacing was 28%, 46% of patients being considered having permanent pacing ([?]90% of the time),
and 54% rare ventricular pacing ([?]10% of the time). Nine patients died during follow-up after discharge
(10%) a median of 191 days (range 22-1,219, IQR 505 days) following discharge, none being related to the
implantation procedure or the pacing device: refractory cardiogenic shock in 5 patients (22, 90, 191, 240,
and 637 days post-implantation), traumatic brain injury in 1 (55 days), pulmonary insufficiency in 1 (157
days), suicide in 1 (518 days), and pulmonary infection in 1 (1,219 days). One-year mortality rate was 16%
(Figure 1 ).

No late (>30 days) device-related complication occurred, especially no infection. No pacemaker syndrome
or any upgrade to a dual-chamber or biventricular device was reported.

DISCUSSION

Our main results are the following: 1) permanent LPM implantation in patients hospitalized in intensive care
unit is feasible in 98% of cases; 2) procedure-related complications are <5% in this very high-risk population,
with a virtually null risk of infection.

5



P
os

te
d

on
A

u
th

or
ea

2
M

ar
20

21
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
61

46
47

48
.8

90
55

24
5/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Pacemaker implantation in ICU patients is associated with several challenging issues. Venous access is often
limited due to the presence of central venous lines for perfusion or hemodialysis or hemofiltration [7,8]. In
our series, 3 patients had no suitable supracaval venous access for conventional pacemaker implantation. The
alternative is cardiac surgery with an epicardial approach, which appears highly invasive in this critically ill
population. The infectious risk is also a major issue, amplified by multiple central venous lines, mechanical
ventilation, and ongoing sepsis or bacteremia [9-11]. More than half of our patients were actually under
intravenous antibiotherapy.

When atropine bolus or isoproterenol infusion are not sustainable options, implantation of a temporary
pacemaker is usually performed, before considering PPM [12]. TTP is associated with a high rate of com-
plications [13]. In the US national database, pneumothorax, pericardial tamponade and non-pericardial
bleeding were found in 0.6, 0.9 and 2.4% of patients, respectively [14]. In a more recent review of the litera-
ture, the total rate of complications related to TTP ranged from 23% (in the 2010s decade, 5.7% considered
serious complications) to 43% (in the 1980s, 16.5% serious), including 2% of complicated access, 1.6% of
cardiac perforation, near 5% of infections, and more than 20% of device complications [2]. TTP also prolongs
hospitalization with a mean of 11 days.

Patients hospitalized in ICU and requiring prolonged cardiac pacing are frail and severe. Bradycardia <40
beats-per-minute adds 4 points to the APACHE II and 11 points to the SAPS II scores. In our cohort,
median Charlson comorbidity index was as high as 7 and in-hospital mortality as low as 6%, as compared
with a median score of 2 and an in-hospital mortality rate of 18% in a study by Christensen and colleagues,
although these 2 ICU populations cannot be directly compared [15-17].

In that respect, LPM implantation is appealing. The Micra LPM is a small 0.8 cubic centimeter device,
weighing barely 2 grams, implanted through a femoral approach on the right ventricular septum (Figure
2 ). The femoral approach solves the potential issues regarding supracaval venous access, and the risk of
device-related infection is virtually nil, even in high-risk populations [6,18]. In our series, 60% of patients had
ongoing sepsis or documented bacteremia, of whom 92% were under antibiotherapy, and no device infection
occurred. Moreover, the risk of dislodgement or pacing issue is extremely rare (<1%) [19], to be compared
with a risk of ˜20% with TTP [2]. The main issue with LPM is the risk of acute cardiac injury, 4% in our
series, as compared with a less than 1% reported rate in the literature [18]. This can be easily explained
by the frailty and multiple comorbidities of the ICU population. This risk could be further decreased by
positioning the device on the right ventricular septum rather than at the apex, and with regular appropriate
training [19].

The alternative to implant an active fixation lead connected to an external re-sterilized pulse generator has
also been shown to be associated with a very low risk of complications, while being a removable system [20].
However, this technique requires suitable supracaval access and could not have been offered in up to 3% of
our patients.

Limitations

Although this multicenter European registry included most of the main LPM implanting centers, it may
not reflect the general population requiring permanent pacing in ICU. LPM, which is not to be removed, is
a permanent device, whereas TTP is only followed by PPM implantation in roughly 2 thirds of cases [2].
This technique also raises the question about the overall procedure cost. Finally, all LPMs implanted in this
study were single-chamber device, even in sinus rhythm patients with complete atrioventricular block. The
next generation of LPM with atrioventricular synchronization should solve this potential issue [21].

Conclusions

LPM implantation in ICU patients requiring prolonged cardiac pacing is feasible and was associated with
a limited number of serious complications in this very high-risk population. It appears as an acceptable
alternative to TTP in selected patients, especially regarding the risk of infection.
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FIGURE LEGENDS

Figure 1. Kaplan-Meier survival curve from all-cause death following leadless pacemaker implantation.
Central panel : zoom in perioperative period ([?]30 days post- implantation).

Figure 2. Right upper panel : the Micra transcatheter pacing system is a small 26 millimeters long pacing
device (0.8 cubic centimeters, 2 grams), with nitinol tines allowing passive fixation within myocardium.
Right lower panel : usual final positioning of leadless pacemakers on the right ventricular low septum,
through a femoral venous approach. Left panel : chest X-Ray (film negative) of a patient implanted with a
leadless pacemaker (LPM), with right and left jugular central lines (RJVL and LJVL, respectively), and an
orotracheal ventilation tube (VT).

TABLES

Table 1. Patients’ characteristics at admission.

ALL (N=99)

Age (years) 75 ± 13
Male gender (%) 51 (52)
Body mass index (kg.m-2) 27 ± 6
Heart failure (%) 32 (32)
Ischemic heart disease (%) 55 (56)
Valvular heart disease (%) 45 (45)
Left ventricular ejection fraction (%) 55 ± 11
Atrial fibrillation (%) 52 (53)
Chronic renal failure (%) 59 (60)
eGFR (mL.min-1.1.73m-2) 56 ± 30
Chronic liver failure (%) 8 (8)
Chronic pulmonary disease (%) 26 (26)
Diabetes mellitus (%) 28 (28)
Cancer (%) 18 (18)
Antiplatelet treatment x1 / x2 (%) 27 (27) / 23 (23)
Anticoagulation DOAC / VKA (%) Charlson Comorbidity Index 14 (14) / 19 (19) 7 ± 3

eGFR, estimated glomerular filtration rate (MDRD); DOAC, direct oral anticoagulant; VKA, vitamin-K
antagonist.

Table 2 . Patients’ characteristics at pacemaker implantation.

ALL (N=99)

Pacing indication SSS / AVB (%) 13 (13) / 86 (87)
Central venous line 0 / 1 / 2 (%) 41 (41) / 53 (54) / 5 (5)
Femoral right / left (%) 3 (3) / 12 (12)
Subclavian right / left (%) 6 (6) / 1 (1)
Jugular right / left (%) 32 (32) / 6 (6)
PICC line (%) 3 (3)
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. ALL (N=99)

Hemodialysis or hemofiltration (%) No suitable supracaval venous access (%) 8 (8) 3 (3)
Mechanical ventilation (%) 16 (16)
Orotracheal (%) 10 (10)
Tracheotomy (%) 6 (6)
Deep sedation (%) 11 (11)
Bacteremia / Sepsis / Septic shock (%) 40 (40) / 17 (17) / 4 (4)
Intravenous antibiotherapy (%) 54 (55)

SSS, sick sinus syndrome; AVB, atrioventricular block; PICC, peripherally inserted central catheter.

Table 3 . Leadless pacemaker-related complications.

ALL (N=99)

Implantation failure (%) 2 (2)
Complications (%) Peri-operative ([?]30 days) (%) 5 (5) 5 (5)
Death* (%) 1 (1)
Tamponade (%) 3 (3)
Pericardial effusion without drainage (%) 1 (1)
Elevated threshold requiring system revision (%) 1 (1)
Late (>30 days) (%) 0 (0)

* Cardiac tamponade requiring drainage and subsequent multi-system organ failure.

FIGURES

Figure 1.

Figure 2.
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