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Abstract

Background: To assess the achieved risk and benefits of inserting temporary epicardial pacemaker electrodes after
open-heart surgery for potential treatment of postoperative cardiac arrhythmias, and to investigate the extent of its
use in clinical practice.

Main text: A systematic search was conducted in PubMed and repeated in Embase and Scopus using the PRISMA
guidelines. The search identified 905 studies and resulted in 12 included studies, where the type of surgery, study
design, total number of included patients, number of patients having temporary pacemaker electrodes inserted,
number of patients requiring temporary pacing, primary reason for pacing, significant factors predicting temporary
pacing, registered complications and study conclusion were assessed. Eight papers concluded that routine inser-

tion of temporary pacemaker electrodes in all postoperative patients is unnecessary. One paper concluded that they
should always be inserted, while three papers concluded that pacing is useful in the postoperative period, but did not
recommend a frequency of which they should be inserted.

Conclusions: The literature suggests that the subgroup of younger otherwise healthy patients without preoperative
arrhythmia having isolated coronary artery bypass grafting surgery or single valve surgery should not routinely have
temporary pacemaker electrodes inserted.

Keywords: Temporary cardiac pacing, Temporary myocardial electrodes, Temporary pacing, Postoperative pacing

Background

Temporary pacemaker electrodes are deployed in the
epicardial in most open-heart surgical procedures as a
safety precaution to mitigate postoperative arrhythmias
which are frequent complications to open-heart surgery
[1, 2]. Postoperative pacing can be instituted to alleviate
conduction abnormalities, terminate tachycardia or as
prophylaxis in case of, e.g., bradycardia. Hence, tempo-
rary pacemaker electrodes offer an opportunity to pre-
vent and treat temporary heart-rhythm disturbances and
to improve hemodynamics if needed after open-heart
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surgery [3]. It is therefore a wide used procedure with a
reported low rate of complications [4]. However, even
though complications are reported rare, they can be of
severe character counting myocardial damage, bleed-
ing and tamponade, infection, perforation, disruption of
coronary anastomosis and migration of remaining elec-
trodes after incomplete extraction [3, 5]. It is common
knowledge that temporary pacemaker electrodes cause
problems during extraction and a frequently used coun-
ter measure is to cut the electrode flush with the skin. In a
review from 2012 [5], complications to cutting temporary
pacemaker electrodes flush with the skin were assessed,
and they reported incidents of herniation of intraabdom-
inal structures through a diaphragmatic defect created by
a retained electrode, hematoma surrounding a retained
electrode compressing the right atrium, migration to
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the bronchial tree and abscess formation among oth-
ers. Hence, the procedure is not as simple as may firstly
assumed, and many surgeons with years of experience
and a large repertoire of cardiac surgeries, can most likely
report of cases with adverse events to the insertion of
temporary pacemaker electrodes. Of public known cases
is the death of former astronaut Neil Armstrong [6].

The routine use of temporary pacemaker electrodes
builds on recommendations made decades ago [7] and
may not reflect the current existing surgical techniques
and operating practice. Well-defined guidelines on the
use of temporary pacing after cardiac surgery, i.e., spe-
cific patient groups, type of surgery, or pre- or periop-
erative cardiovascular monitoring values have not been
outlined and published [8]. This is emphasized by the
fact that most postoperative arrhythmias are medically
treated; thus, it is unclear how often the temporary pac-
ing electrodes are crucial for treatment. In addition, it is a
procedure which is routinely conducted, but in our expe-
rience, rarely registered in the patient records. Despite
the relevance of investigating how often temporary pace-
maker electrodes are used for post-operative pacing com-
pared to the insertion rate, surprisingly few papers have
been published recently on this topic.The hypothesis
for this systematic literature review was that too many
patients are having temporary pacemaker electrodes
inserted, compared with the number of patients of who
actually benefit from temporary pacemaker electrodes.
The aim of this study therefore, by a literature review is
to assess the use of temporary pacemaker electrodes and
potentially disclose predicting factors for need of postop-
erative pacing.

Main text

Information sources and search strategy

A systematic literature search was performed using the
database PubMed and repeated in Embase and Scopus.
The last date of search was August 2, 2021.

The applied search strategy was “ventricular pacing
wires OR temporary pacing wires OR TEPW”. In Pub-
Med the search strategy was extended by “(((“Cardiac
Pacing, Artificial*’[Mesh])) AND (temporary postop-
erative pacing))” to include MESH-terms. To ensure a
broad inclusion “epicardial” and “myocardial” were used
synonymously. No review protocol was made before the
study.

Study selection
The literature search and selection was performed by the
first author, and verified by the co-authors, and all studies
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were consequently reviewed, and PRISMA guidelines [9]
were followed and reported (Fig. 1).

Eligibility criteria

Studies were eligible if they assessed whether a group of
adult patients benefitted from having epi- or myocar-
dial pacing electrodes inserted as a part of open-heart
surgical procedures. Studies concerning transvenous-,
transcutaneous-, transesophageal-, or transthoracic
pacing were excluded. Studies only comparing differ-
ent subtypes of pacing were excluded. Studies focusing
only on atrial pacing for prevention of atrial fibrilla-
tion without depicting the type of cardiac surgery were
excluded. Studies concerning congenital cardiac sur-
gery alone were also excluded. The search included
all types of studies apart from case reports. Studies
were limited to articles published in English language
between year 1980 and 2021.

Data collection process

The following information was obtained from each
study: author, year of publication, type of surgery,
study design, total number of included patients, num-
ber of patients having temporary pacemaker electrodes
inserted, number of patients requiring temporary pac-
ing, primary reason for pacing, significant factors pre-
dicting temporary pacing and conclusion.

Quality assessment

The methodological quality of the included studies was
assessed using the National Heart, Lung and Blood
Institute’s checklists [10]. Studies were considered of
good quality if 60% or more of the criteria were met in
the respective assessment tools. The individual assess-
ments can be found in Additional file 1: Appendix 1. The
studies were further assessed using the Effective Pub-
lic Health Practice Project Quality Tool (EPHPP) [11,
12] (Additional file 1: Appendix 2). Selection bias, study
design, confounders, blinding, data collection and with-
drawals and drop-outs were scored to be either “weak,’
“moderate,” or “strong,” resulting in a global rating to be
either “weak,” “moderate,” or “strong”” Studies were rated
“strong” if they received no “weak” scores, “moderate”
if it received one “weak” score, and “weak” if it received
more than one “weak” score.

Outcomes and prioritization

The aim was to identify studies reporting the use of
temporary pacemaker electrodes and to investigate the
extent of this use in clinical practice. Only studies with
outcomes directly addressing number of patients receiv-
ing postoperative temporary pacing were included.
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Fig. 1 PRISMA' 2009 flow diagram. The PRISMA flow diagram shows the details in the data selection progress. ' Preferred Reporting Items for
Systematic Reviews and Meta-Analyses

Results for selection of studies

The established database revealed 1.364 studies. The
search identified 274 and 208 (MESH) results in Pub-
Med, 383 results in Embase, 499 results in Scopus,
and O in grey literature searches. After duplicates were
removed, the number was reduced to 905 studies,
of which 859 were excluded in the title and abstract
screening due to eligibility criteria. Of the remaining 46
studies, 33 were excluded in the full-text screening due
to eligibility criteria and type of paper. One study [13]
were excluded since it was not possible to trace down
the full-text online or by the Royal Danish Library, or
the full-text was unsuccessfully requested by authors
through ResearchGate.net. Hence, a total of 12 studies
were included in the review (Table 1).

Results for study characteristics

The study material comprised five retrospective obser-
vational studies [14—18], six prospective observational
studies [7, 19-23], and one systematic review [24].
The individual study designs were not further labeled.
Alwagqfi [14], Abd Elaziz [15], and Ferrari [18] inves-
tigated the frequency of pacing among valve operated

patients, while Bethea [19], Puskas [20], Imren [22],
Asghar [21], and Khorsandi [24] focused on pacing
after coronary artery bypass grafting (CABG) sur-
gery. Cote [17], Kiely [23], Morin [7], and Takeda [16]
included both CABG, valve surgery, and other proce-
dures. Study design, type of surgery, total number of
patients, number of patients having temporary pace-
maker electrodes inserted, number of patients requir-
ing temporary pacing, primary reasons for pacing, and
conclusion are reported in Table 1. None of the studies
reported on inclusion of patients subjected to minimal
invasive surgery or aortic root surgery.For most of the
studies, patients were grouped according to insertion
or non-insertion of temporary pacemaker electrodes,
and were additionally subdivided according to the need
for postoperative pacing.AlWaqfi [14] and Morin [7]
inserted temporary pacemaker electrodes based on an
individual evaluation, while other authors [15, 20, 22]
had clearly stated criteria for temporary pacemaker
electrode insertion. Hence, Abd Elaziz did not insert
temporary pacemaker electrodes in patients with (1)
young age with no preoperative history of risk factors,
(2) isolated single valve replacement with minimal
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Fig. 2 Number of studies reporting the different significant factors associated with temporary postoperative cardiac pacing

calcification, or (3) easy weaning from cardiopulmo- Cote [17], Ferrari [18], and Kiely [23] inserted tempo-
nary bypass and stable vital parameters on minimum rary pacemaker electrodes in all patients and assessed
inotropic support.Puskas [20] inserted temporary pace- the need for pacing afterwards. The year of publication
maker electrodes if the patients required pacing prior ranged from 1982 to 2020.

to chest closure.Asghar [21], Bethea [19], Takeda [16],
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Primary reasons for postoperative pacing

The most frequent reasons for postoperative pacing were
bradycardia (30-82%) and atrioventricular block (46—
67%) (Table 1). Junctional rhythm was the most common
reason for postoperative pacing in Morin et al’s study [7]
with a frequency of 42% and were reported as a primary
reason for pacing for Alwagqfi, Puskas and Imren [14,
20, 22] as well.Other reported reasons for postoperative
pacingwere low cardiac output [14, 15, 20], asystole [7,
14, 15, 19, 21], atrialfibrillation [16, 19, 22], and bundle
branch block [19, 21, 22].

Postoperative pacing

Except from the review publication, the studies included
a total of 15.980 patients. Of these, 14.757 patients had
temporary pacemaker electrodes inserted and 2.639
(18%) required pacing in the postoperative period
(Table 1). From this latter group, 64 patients [20, 22] only
had temporary pacemaker electrodes inserted if pacing
was required at the time of chest closure or if arrhyth-
mias occurred intraoperatively. Hence, the two studies
found a higher pacing rate (70%, 100%) compared with
the remaining studies where the pacing rate ranged from
3 to 35%.

The studies, where only valve surgery patients were
studied [14, 15, 18] found a higher pacing rate (24%, 20%,
17%) compared with the two remaining studies where
only coronary artery bypass grafting surgery patients
were included [19, 21] (3% and 9%). Kiely [23] found that
26% required pacing in the aortic valve repair group,
while this number was 25% in the non- aortic valve repair
group.

Imren [22] assessed the need for pacing between on-
pump and off-pump CABG patients and found that 31
patients need pacing, of which 20 were on-pump patients
and eleven were off-pump operated patients.The number
of the patients not receiving temporary pacemaker elec-
trodes but requiring pacing in the postoperative period
was one and two respectively [7, 22], equivalent to 3%
and 0.3%. Puskas [20] reported that none of the patients
in whom temporary pacemaker electrodes were not
inserted developed a need for pacing nor suffered any
complications due to the absence of temporary pace-
maker electrodes. The remaining studies did not address
this issue.

Predictors for need of postoperative pacing

Besides studying the frequency of pacing, most stud-
ies also investigated factors predicting the need for
postoperative pacing (Table 2, Fig. 2). Predicting fac-
tors were not assessed for Takeda [16] and Kiely [23],
while Khorsandi [24] did not report the level of statisti-
cal significance.For two of the studies reporting on valve
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surgery [14, 15] the factors which were statistically sig-
nificant associated with temporary cardiac pacing were
age, New York Heart Association (NYHA) class III-1V,
pulmonary artery pressure > 45 mmHg [15]/> 50 mmHg
[14], preoperative use of digoxin, multiple valve surgery,
aortic cross-clamp time > 60 min [14]/> 65 min [15]
and annulus calcification. Ferrari [18] found age > 60
years, mitral valve surgery, biological prosthesis, length
of hospital stay, preoperative antiarrhythmic drugs and
B-blocker to be predisposing factors for atrioventricular
block and temporary cardiac pacing.For the CABG sur-
gery studies [19-22], the most frequent factors included
preoperative arrhythmias, long aortic cross-clamp time,
pacing required to wean from cardiopulmonary bypass,
and time on cardiopulmonary bypass appearing at three
out of six studies. Older age was a predicting factor
in two of the studies, and use of antiarrhythmic drugs
upon leaving the operating room, previous CABG sur-
gery, number of coronary arteries bypassed, gender, and
hypertension were statistically significant predicting fac-
tors in one of the six studies.

Morin [7] and Cote [17] studied multiple types of sur-
geries and disclosed aortic cross-clamp time, preopera-
tive arrhythmia, preoperative renal failure, low ejection
fraction, and preoperative use of calcium channel blocker
as predicting factors for use of postoperative pacing.
Larger volume of cardioplegic solution was also reported
as a predicting factor. This is supported by the study of
Imren [22], which found that almost twice as many on-
pump CABG operated patients as off-pump operated
patients were paced.

Digoxin is used in the treatment of atrial flutter, why
this factor is an expression for preoperative arrhythmia.
Age, preoperative arrhythmias and long aortic cross-
clamp time were the most frequent predicting factors
throughout all the studies (Table 2).

Ashgar found that 1% of patients required temporary
cardiac pacing following standard isolated CABG, if the
following three main predictors were addressed before
hand: Bundle branch block, pacing when weaning from
cardiopulmonary bypass and use of antiarrhythmic upon
leaving the operation room.

Routine use of temporary pacemaker electrodes?

Of the 12 included studies, eight concluded that it is
unnecessary to routinely place temporary pacemaker
electrodes in all patients [14, 15, 17, 19-23]. Morin [7]
concluded that temporary pacemaker electrodes always
should be inserted, while the rest concluded that pacing
is useful in the postoperative period, but did not take a
stand on the frequency of which temporary pacemaker
electrodes should be inserted. Cote [17] found that 14%
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Table 2 Significant factors associated with temporary postoperative cardiac pacing
Type of surgery Article Factors significantly associated with  Pvalue  Odds ratio
temporary cardiac pacing (P value
< 0.05)
CABG?, valve surgery Cote CL, Baghaffar A, Tremblay P, CABG: CABG: CABG:
Herman CR,, “Prediction of temporary - Age (71-80+ years) -<001 -24
epicardial pacing wire use in cardiac - Preoperative renal failure -<0.02 -15
surgery’, 2020 - Low ejection fraction -<0.01 -2.7
- Preoperative arrhythmia -<001 -1.7
- Preoperative use of calcium channel -<001 -14
blockers -0.04 -1
- COPDP -<001 -4
- Aortic cross-clamp time > 90 min -<0.01 -17
Aortic valve replacement: -< 001 -0.7
- Age (61-80+ years) -< 001 -08
- Male sex -<001 -1.5
- Dyslipidemia -<001 -25
- Preoperative renal failure -<001 -2.1
- Low ejection fraction -<001 -1.2
- Preoperative arrhythmia -<001 -1.7
- Preoperative use of calcium channel -<0.01 -616
blockers -0.05 -56
- Aortic cross-clamp time > 90 min -0.04 -03
Mitral valve repair: -0.01 -10.7
- Age > 80 -0.02 -33
- Obesity
- Smoking history
- COPD
Mitral valve replacement:
- Preoperative arrhythmia
CABG, valve surgery, and other proce- Kiely N, O'Brien F, Mooney M., “Epicar- - Not reported - -
dures dial pacing wires after cardiac surgery: an
Irish cross-sectional study’, 2020
Valve surgery Abd Elaziz ME, - Age > 65 - 0.004 -11
“Temporary epicardial pacing aftervalve - Diabetes Mellitus - 0.005 -47.6
replacement: incidence and predictors’, - NYHAS class llI-IV -<0001 -6
2018 - Preoperative digoxin use -<0.001  -115
-PAPY > 45 mmHg -<0001  -141
- Type of surgery (multiple valve surgery) -0.01 -6
- Valve annulus calcification -0.01 -7
- Aortic cross-clamp time > 65 min 0.006 -19
Valve surgery Alwadfi, Nizar R, - Age -0.002 -1
“Predictors of temporary epicardial pacing - NYHA class lll-IV -0.008 -56
wires use after valve surgery’ 2014 - PAP > 50 mmHg -0.001 -220
- Preoperative digoxin use -0.024 -8.0
- Type of surgery (multiple valve surgery) -0.021 -135
- Aortic cross-clamp time > 60 min -0.010 -78
- Valve annulus calcification -0.003 -79
CABG Khorsandi M., Ishaq M, /s it worth plac- - Number of coronary arteries bypassed - -
ing ventricular pacing wires in all patients - CPB® time - -
post-coronary artery bypass grafting?”, - Aortic cross-clamp time - -
2012
Valve replacement, valve replacement +  Ferrari AD, “Atrioventricular block in - Age > 60 -<0001  -199
CABG surgery the postoperative period of heart valve ) - Preoperative use of antiarrhythmic - 0.026 -1.86
surgery: incidence, risk factors and hospital 4y, gs
evolution’ 2011
- Preoperative use of beta-blocker -0.002 -1.76
- Biological prosthesis -0.039 -1.59
- Mitral valve surgery -0.002 -1.76
- Length of hospital admission -<0.0001 -103
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Table 2 (continued)
Type of surgery Article Factors significantly associated with  Pvalue = Odds ratio
temporary cardiac pacing (P value
<0.05)
CABG Asghar M. 1., - Age -0.019 -
"Placing epicardial pacing wires in isolated
coronary artery bypass graft surgery - A -Bundle branch block ) -0.00 -
procedure routinely done but rarely ben- - Preoperative arrhythmias (especially - -
eficial’, 2009 bundle branch block) -0.00 -
- Pacing required to come off CPB -0.00 -
- Use of antiarrhythmic drugs on leav- - 0.015
ing the operating room
CABG Imren Y., Benson AA,’ls the use of tem-  ONCAP' (multivariate analysis) -0.002 -6.9
porary pacing wires following coronary  Preoperative: -0.01 -3.1
bypass surgery really necessary?,2008 - History of arrhythmia -0.05 -1.9
- Use of antiarrhythmic drugs -0.02 -2.1
- Age -0.02 -24
- Previous CABG -0.01 -29
Intraoperative: -0.02 -2.7
- Mean CPB
- Mean aorta cross clamp time
- Pacing to come off CPB
CABG Bethea BT, Salazar JD, - Preoperative arrhythmias -0.001 -8.7
“Determining the utility of temporary - Pacing required to come off CPB -0.01 -4.7
pacing wires after coronary artery bypass - Diabetes mellitus -0.04 -3.7
surgery’, 2005
CABG JD Puskas, - Age -0.05 -
“Is routine use of temporary epicardial - Gender (female) -<0.001  -439
pacing wires necessary after either OPCAB - Hypertension -0.013 -3.12
or conventional CABG/CPB’ 2003
CABG, valve surgery and other proce- Takeda, M.; Furuse, A.; - Not reported -- -
dures “Use of temporary atrial pacing in man-
agement of patients after cardiac surgery’,
1996
CABG, valve surgery and other proce- Morin JE., - Prolonged aortic cross-clamp time -0.001 -
dures “Temporary cardiac pacing following - Larger volume of cardioplegic solution - 0.025 -

open-heart surgery”, 1982

Abbreviations: 'CABG coronary artery bypass grafting, 2COPD chronic obstructive pulmonary disease, “NYHA New York Heart Association, “PAP pulmonary artery

pressure, °CPB cardiopulmonary bypass, FONCAP on-pump coronary artery bypass

of the isolated CABG patients potentially could have
avoided temporary pacemaker electrode insertion.

None of the studies reported any severe complica-
tions from the use of temporary pacemaker electrodes.
However, severe complications have been described in
literature, including tamponade and electrode migration
[25-27].

Quality assessment of included studies

With regard to the hierarchy of evidence to reflect ques-
tions of effectiveness [28] the studies mostly belonged to
the middle, counting observational cohort studies, cross-
sectional studies and a case-control study. Khorsandi [24]
was the only study scoring high in the hierarchy of evi-
dence being a systematic review.

Due to the heterogeneity of the study designs, the
studies could not all be assessed using the same tool.
Khorsandi [24] was scored following the tool for System-
atic Reviews created by the National Heart, Lung and

Blood Institute [10]. It provided quality assessment tools
for most study designs, however these checklists are not
nearly as comprehensive as the EPHPP tool, why this was
used to assess the quality in the remaining studies.

Khorsandi et al. [24] were considered of good method-
ological quality by fulfilling > 60% of the National Heart,
Lung and Blood Institute’s respective checklist [10]. The
quality assessment using the EPHPP tool resulted in nine
studies [7, 14, 15, 17-22] receiving a strong global rating,
and two studies [16, 23] receiving a moderate global rat-
ing (Additional file 1: Appendix 2).

Selection bias

To reduce the risk of selection bias, the studies were
scored based on how well the study population repre-
sented the target population. All the included studies
scored “very likely” since the study groups were patients
going through different kinds of open-heart surgical
procedures, hence fulfilling international standardized
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criteria for the respective surgical procedures [29, 30].
Thus, the study groups were considered homogeneous
across the studies and therefore, securing a high external
validity.

Study design

The studies were all categorized to be ‘cohort analyt-
ics’ or ‘case-control study’ and hence received a moder-
ate rating. The categorization was based on the EPHPP
dictionary description, since none of the studies labeled
their study design further than being a retrospective or
prospective observational or cross-sectional study.

Confounders

The study group in this review consist of patients varying
in age, gender, comorbidities and intraoperative factors,
why all the studies scored ‘yes’ in the question of impor-
tant differences between groups prior to the intervention.
Most of the studies [7, 14, 15, 17-22] analyzed risk fac-
tors resulting in a strong score where most of the relevant
confounders were controlled. Takeda [16] and Kiely [23]
received a weak score, because only few or none of the
factors were assessed. None of the studies discussed con-
founders explicitly in the text, but only addressed the sig-
nificant associations.

Blinding

Blinding was not explicitly described in the studies except
Puskas [20], and all studies received a moderate score
equivalent to ‘can’t tell’ or only partial blinding.

Data collection methods

Data was estimated to be valid and reliable for all the
included studies, since it consisted of objective data
retrieved by researchers or medical records.

Withdrawals and drop-outs

Withdrawals and drop-outs were not explicitly described
in the studies, but number of deaths in the early post-
operative days was reported by Kiely [23], Imren [22],
Asghar [21] and Bethea [19].Imren [22] reported that
one patient from the non-paced group developed a need
for pacing. It is not elaborated whether any of these
patients were withdrawn from the statistics.Alwaqfi
[14], Abd Elaziz [15], Takeda [16], Cote [17] and Ferrari
[18] received a moderate score due to their retrospec-
tive design while the remaining studies received a strong
score.
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Discussion

Insertion of temporary epicardial electrodes is performed
numerous times every day all over the world. However, it
is striking that when assessing the literature for the evi-
dential benefit of this, the literature displays a remarkable
paucity.

This fact is underlined in this review, which is the first
of its kind to assess the need for postoperative cardiac
pacing in adult open-heart surgical procedures at such
an extent. The results show that only few patients develop
a postoperative need for pacing and that these patients
can be identified by assessment of significant operational
predicting factors. Hence, it may be possible to prevent
potential harmful side effects, which may be rare, but still
is present.

Predictors for need of post-operative pacing

One of the most significant predictors for postopera-
tive pacing was aortic cross-clamp time which was a
pronounced factor in six studies [7, 14, 15, 17, 22, 24].
Intuitively, it could be due to the ischemic injury to the
conduction system during cardioplegic arrest after pro-
longed aortic cross-clamp time [15]. If so, it supports the
fact that complicated procedures such as multiple valve
surgery or multiple coronary bypasses, without the risk
in itself, also increases the risk of need for postoperative
pacing since the procedures are prolonged. This associa-
tion may also be reflected by the disclosure of cardiopul-
monary bypass time and larger volume of cardioplegic
solution as predicting factors.

Pacing required to wean from cardiopulmonary bypass
was a significant risk factor in three studies [19, 21, 22]
on CABG patients. Puskas [20] was not included in this
enumeration since the study did not include such a strati-
fication of risk factors. However, temporary pacemaker
electrodes were only inserted if pacing was required at
the time of chest closure, thus indicating that patients
were only included if they needed pacing when wean-
ing from cardiopulmonary bypass. This could explain
the high number of paced patients (70%) [20] compared
with 3% [21] and 9% [19].It seems reasonable to state that
older age, preoperative arrhythmia, long aortic cross-
clamp time, multiple valve or CABG surgery and pacing
coming off cardiopulmonary bypass are strong predictors
for need of post-operative cardiac pacing. Accordingly, if
the patients are young without preoperative arrhythmia
having isolated CABG or single valve surgery with a low
aortic cross-clamp time and no need for pacing during
weaning from cardiopulmonary bypass, this review does
not justify the use of temporary pacemaker electrodes
since these patients are less likely to benefit from it. And
should patients without temporary pacemaker electrodes
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develop postoperative need for cardiac pacing, it is possi-
ble to initiate other pacing options, e.g., transvenous pac-
ing [31].

Primary reasons for postoperative pacing

The most frequent indication for postoperative pacing
in the literature was postoperative bradycardia. How-
ever even though bradycardia is defined as < 60 beats/
min [32], it must be assessed for each individual patient.
Bradycardia is therefore an inexact indicator for need of
pacing, since patients tolerate different heart rates differ-
ently. It is a risk that patients may be paced even though
their bradycardia is reversible and does not cause hemo-
dynamic impairment. This might affect the internal
validity.

Another aspect on bradycardia as indication for post-
operative pacing, is the fact that most patients receives
B-blockers prior to cardiac surgery. The reasoning is
to reduce morbidity and illness progress and increase
ejection fraction. However, B-blockers may also induce
bradycardia and hypotension. Hence, the risk to create a
medically induced bradycardia, resulting in an increased
per- and postsurgical “need” for pacing. Five studies [14,
15, 19, 21, 22] did however assess this association and
found no significant correlation between the preoperative
use of B-blocker and postoperative need for pacing.

On the other hand preoperative use of digoxin was a
predicting factor for postoperative pacing in Alwaqfi’s
[14] and Abd Elaziz’s [15] studies. Similar to the issue
of B-blockers, digoxin prolongs the AV-node refrac-
tory period, thereby increasing the need for postopera-
tive pacing [33]. The use of digoxin may also reflect the
presence of preoperative arrhythmia, thus making pre-
operative arrhythmia the most frequent predicting fac-
tor for postoperative pacing. Another important factor
in impairing the myocardial constriction after pulmo-
nary bypass is hypothermia. Hypothermia is advanta-
geous by decreasing myocardial oxygen demand, but
has been questioned for impairing the myocardium’s
homeostatic processes. In the included studies, hypo-
thermia may be implicit in the time on cardiopul-
monary bypass or the given cardioplegic solution.
However, it could be relevant to further explore and
elaborate hypothermia in general during open-heart
surgery, also in relation to the debate of warm versus
cold cardioplegia [34].

Routine use of temporary pacemaker electrodes?

Complications related to the use of temporary pace-
maker electrodes include arrhythmia, infection, dam-
age to the myocardium, perforation and tamponade [3].
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Why extraction is performed gently, eventually with ECG
monitoring, and followed by an observational period.

In the included studies, complications to the use of
temporary pacemaker electrodes, bleeding included,
were in general reported none [20, 21, 23] or rare [22].
Only Imren [22] reported complications in the form of
temporary pacemaker electrodes being cut flush with the
skin and left in two patients. This supports the general
consideration that the use of temporary pacemaker elec-
trodes is a safe procedure and low morbidity and mortal-
ity can be allocated to the use of temporary pacemaker
electrodes. Why this review’s recommendation to be
more selective in temporary pacemaker electrodes inser-
tion build upon an excessive use rather than an atten-
dant risk. The lack of guidelines is problematic because
the insertion of temporary pacemaker electrodes
becomes based on the individual surgeon’s discretion
and not based on evidence based medicine. Although
inserting temporary pacemaker electrodes is a sim-
ple procedure in accordance with the non-maleficence
principle, it is essential to standardize all procedures to
disclose and minimize adverse events. Furthermore, no
surgical procedure is risk-free. Hence, the relevance for
addressing the lack of national guidelines, and the need
for the present systematic literature review regarding
the use of temporary pacemaker electrodes. Only few
patients require temporary cardiac pacing following rou-
tine CABG [19-22, 24], and the results are similar for
patients having valve surgery, where the need for pac-
ing is low in many cases and therefore mainly should be
offered high risk patients [14, 15]. It is interesting that
if the three main predictors were addressed, Ashgar and
Bethea reported the need for pacing among isolated
CABG patients as low as 1% and 3%. Hence the percent-
age of patients in need of pacing, if addressed for signifi-
cant factors, is firstly very low, and secondly, close to the
rate of complications to temporary pacemaker electrode
insertion which is reported to be 0.09-0.4% [4, 35]. This
underlines the relevancy of discussing the indications for
temporary pacemaker electrode insertion, and questions
whether routine insertion generates a significant benefit
compared to the costs and risks; as emphasized by Kiely
et al. [23]. Because a procedure with a benefit-percent-
age so close to the percentage of complications natu-
rally gives rise to criticism and should not be considered
standard operating practice.

Limitations of the included studies

The studies were in general limited by small sample
sizes and inherent design of observational studies where
patients were not prospectively randomized to receive
temporary pacemaker electrodes or no electrodes.
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Furthermore, the study results are based on per-proto-
col basis rather than intention to treat.Only five stud-
ies reported the number of complications, of which
none further elaborated the consequences of such
complication.

Cote et al did not explicitly report and quantify the
exact number of patients receiving temporary pac-
ing electrodes, but based on the description, it is a fair
assumption that all the included patients had electrodes
inserted.

Limitations of this review

The limitations of this review, includes only selecting
studies in a limited number of languages, making the
review sensitive to possible language bias.Publication
bias may also be present. There is a risk that researchers
who found an actual need for routine insertion of tem-
porary pacemaker electrodes, thus confirming clinical
practice as of today, did not publish their findings—or the
medical journals rejected to publish such studies.

Study quality

Study design was not considered in the inclusion criteria,
and none of the included studies were performed as pro-
spective randomized controlled studies. Despite the type
of studies, none of the included studies received a global
rating lower than moderate.

This review draws a clear pattern in the need for post-
operative cardiac pacing based on patient characteristics.
Underlining the issue in routine temporary pacemaker
electrode insertion when predicting factors is evidently
described in recent scientific publications. The present
literature review provides a convincing basis for con-
ducting a larger prospective randomized study on rou-
tine use versus use of temporary pacemaker electrodes
on specific indications. Firstly, to confirm and conclude
these findings and secondly to form the basis for exten-
sive temporary pacemaker electrode insertion guidelines
in agreement with evidence based medicine.

Conclusions

Only few patients with temporary pacemaker electrodes
inserted required pacing in the postoperative period. The
frequency of complications and other unexpected side
effects caused by temporary pacing electrodes are poorly
reported. This highlights the need for guidelines address-
ing insertion of temporary pacemaker electrodes. Specific
factors predict the need for postoperative pacing includ-
ing age, NYHA class III-1V, increased pulmonary artery
pressure, preoperative arrhythmia, multiple valve sur-
gery, long aortic cross-clamp time, annulus calcification,
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pacing required to wean from cardiopulmonary bypass,
diabetes mellitus, and use of antiarrhythmic drugs on
leaving the operation room. Our findings, though based
upon observational studies, suggest that the subgroup of
younger otherwise healthy patients without preoperative
arrhythmia having isolated CABG or single valve surgery
are less likely to develop a postoperative need for pacing.
Since complications associated with temporary pacing
electrodes are most likely underreported and we need
larger prospective studies on the risk and benefits of the
use of temporary pacemaker electrodes.
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