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Objective: The aim of this study was to prospectively

reassess the natural evolution and complications of tempo-

rary epicardial wires (TEW) after cardiac surgery.

Design: Observational prospective study.

Setting: Monocentric.

Participants: All adult patients having cardiac surgery

with TEW insertion, except for those undergoing cardiac

transplantation or having permanent pacemakers.

Interventions: Thresholds were measured daily until wire

removal or permanent device insertion. Descriptive statistics

and analysis of variance (ANOVA) were performed with

p o 0.05 as the significance threshold.

Main results: Two hundred thirty-six patients were

enrolled. All had ventricular and only 142 (60%) both

ventricular and atrial unipolar FEP15, Ethicon TEW. In most

TEW (74%), capture thresholds increased significantly by

the first (atrial wires) and by the second (ventricular wires)

postoperative day and continued to increase until the fifth
Journal of Cardiothoracic and Vascular Anesthesia, Vol ], No ] (Month), 2
day, followed by a plateau. For the others, 2 opposite

profiles were noticed: 10% of the total TEW lost their

capture function before the fourth postoperative day,

whereas 16% remained functional beyond the seventh

postoperative day. Both atrial and ventricular sensitivity

degraded significantly by the second day. The median

energy output used for pacing was 17.5 mA (atrial) and

20 mA (ventricular), regardless of the capture thresholds.

Major complications related to TEW were noted in 0.8%

of cases.

Conclusion: Despite widespread use, the natural history

of TEW is still a major concern. Pacing with high-energy

output is a possible factor leading to capture dysfunction

that must be avoided. Education of all operators is needed.

& 2014 Elsevier Inc. All rights reserved.
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INTRODUCTION

Cardiac surgery with or without cardiopulmonary bypass
(CPB) provides frequent conduction and rhythm dis-

turbances, especially during the immediate postoperative
period. Their etiology is multifactorial: Surgical manipula-
tion, myocardial edema, hypothermia, heterogenous washout
of cardioplegia solution during CPB, and acid-base and
blood gas disorders, along with eventual inotropic drug
support.1 Temporary epicardial pacing by means of tempo-
rary epicardial wires (TEW) appears to be the best and
simplest method for treating rhythm and conduction distur-
bances after cardiac surgery. In addition, temporary epicardial
pacing also is used increasingly to improve cardiac output,
by optimal pacing mode or rate1,2 or by means of biven-
tricular pacing in cases of severe left ventricular systolic
dysfunction.3,4

Complications related to TEW occur occasionally on TEW
removal (0.04% in one study5). They can be dangerous and
include tamponade, hemothorax, disruption of coronary anas-
tomoses, and migration of retained wires.6–8 But the major
concern of TEW is the natural evolution of their thresholds. In
2002, Elmi et al reported, in a cohort of 60 consecutive
patients, a significant elevation of capture thresholds after the
fourth postoperative day and significant deterioration of
sensitivity after the second postoperative day9 with no
predictive factors identified. This evolution, related to the
inflammatory reaction around the wire–myocardium inter-
face,6 seems to be accepted universally, but there are no
recent larger studies on this subject. In addition, the authors’
clinical observations suggested that the deterioration of
capture/sensitivity thresholds might be worse than that
described by Elmi et al.

In this context, the main aim of this study was to
prospectively reassess the natural evolution of TEW thresholds
in a single institution. The second aim was to describe the
frequency of complications related to TEW.
MATERIALS AND METHODS

The authors conducted an observational, prospective, monocentric
study between December 2011 and April 2012 in a university hospital.
The Institutional Review Board of the hospital approved this study and
waived the requirement for written informed consent. All adult patients
(418 years) having cardiac surgery with TEW insertion were included
consecutively, except for those undergoing cardiac transplantation or
having permanent pacemakers. Standard unipolar FEP15 Ethicons

TEW (Johnson & Johnson, Somerville, NJ) were implanted by surgeons
according to their personal technique. Seven surgeons of this unit were
responsible for inserting TEW. One of them always placed the positive
electrode in the subcutaneous tissues, whereas the others either placed one
electrode on the epicardium and the other on the pericardium or both of
them on the epicardium according to the circumstances (quality of tissues,
dependence on pacing, personal preference, etc.)

The following variables were collected prospectively for all patients :
(1) preoperative: age, gender, body mass index (BMI), medical history,
American Society of Anesthesiologists (ASA) score, EuroSCORE 1 and 2
values, electrocardiographic data (preoperative rhythm and conduction
disorders), echocardiographic data (left ventricular ejection fraction
[LVEF], LV dilation or hypertrophy, left atrial dilation, systolic arterial
pulmonary pressure [sPAP]), laboratory tests results (white blood cells
[WBC], platelets, C-reactive protein [CRP], fibrinogen, creatinine, glucose),
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Table 1. Population Demographics

N ¼ 236 % Mean � SD Median Range

Age 66.5 � 12 67 [19-90]

Males 155 66

BMI 27.3 � 4.7 26.9 [17.3-50.1]

ASA score 2.5 � 0.5 2

EuroSCORE 1 8.5 � 10.2 5.66 [0.88-66]

EuroSCORE 2 3 � 3.3 1.89 [0.5-26.3]

Medical History

Atrial fibrillation/flutter 43 18

Diabetes mellitus 62 26

Hypertension 153 65

Hypercholesterolemia 149 63

Active smoking 60 25

Dysthyroidia 27 11

Previous cardiac surgery 5 2

ECG

Sinus rhythm 218 92

Atrial fibrillation/flutter 18 8

AV block 1 38 16

RBBB 13 5.5

LBBB 14 5.9

LAHB 14 5.9

Echocardiography

LVEF o 40% 13 5.5

Severe pulmonary 11 4.6

hypertension (455

mmHg)

Left ventricular

hypertrophy

121 51

Abbreviations: AV, atrioventricular; BMI, body mass index; ECG,

electrocardiography; LAHB, left anterior hemiblock; LBBB, left bundle-

branch block; LVEF, left ventricular ejection fraction; RBBB, right

bundle-branch block.

Undergoing cardiac surgery (n = 317)

Excluded (n = 81)
No TEW inserted (n = 29)
Cardiac transplantation (n = 2)
Permanent pacemaker (n = 6)
Main investigator unavailable (n = 44)

Atrial TEW (n = 142)

Included (n = 236)

 Ventricular TEW (n = 236)

Fig 1. Flow diagram.
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and treatment (antiarrhythmic and inotropic drugs); (2) intraoperative:
surgery characteristics (type, emergency, reoperation, CPB and aortic
cross-clamp time, cold/warm anterograde/retrograde cardioplegia),
TEW insertion site, temporary pacing settings and catecholamines used
for weaning from CPB, and TEW thresholds; (3) postoperative: number
of days until TEW removal or permanent device insertion, underlying
rhythm, TEW thresholds, TEW dysfunctions (failure to pace/to capture/
to sense), laboratory tests results, and treatments.

Thresholds were measured on arrival in the intensive care unit
(ICU) and then daily until wire removal or insertion of a permanent
device. The measures were performed by the same operator with a
Medtronics 5388 (Medtronic Inc, Minneapolis, MN) temporary dual-
chamber pacemaker, also used for pacing if necessary. In order to
determine the capture threshold, rate was set above the endogenous rate
and output to its highest value. Output then was decreased until capture
loss. The value of output that still allowed a sustained cardiac pacing
was recorded as capture threshold. In order to determine the sensitivity
threshold, rate was set below the endogenous rate and output above the
capture threshold. Sensitivity initially was increased to its highest value
and then decreased until the sense indicator flashed with each
endogenous beat, which was recorded as sensitivity threshold. If both
electrodes were placed on the epicardium, the TEW external extremities
were systematically switched between the negative and positive
terminals of pacing cables in order to choose the lowest threshold.

If in use, temporary pacemaker settings such as pacing mode, rate,
output, sensitivity, and atrioventricular (AV) delay were recorded on
the patient’s flow chart. The following complications related to TEW
removal were prospectively recorded: hemothorax, tamponade, retained
TEW, and arrhythmia.

Statistical analysis consisted mainly of descriptive statistics. Continu-
ous variables were presented as means � SD or medians and nominal
variables as percentages. Repeated measures analysis of variance
(ANOVA) was performed for thresholds evolution. Two groups of patients
were created depending on TEW pacing thresholds: TEW nonfunctional
before the fourth postoperative day and TEW functional beyond the
seventh postoperative day. Univariate comparisons were made between
these two groups using unpaired two-tailed Student’s t-test for continuous
variables and chi-square or Fisher’s exact test for qualitative variables. A p
value of o 0.05 was considered statistically significant.

RESULTS

Two hundred thirty-six patients were enrolled in the study
(out of 317 who underwent cardiac surgery during the same
period) (Fig 1). The main demographic characteristics and
intraoperative data are summarized in Tables 1 and 2. TEW
were implanted in the right ventricle for all patients and in the
right atrium for 142 (60%) patients. The mean follow-up
duration was 7 � 5 days corresponding to wire removal or
insertion of a permanent device. Almost half of the TEW were
removed on day 4 and 5, according to the service protocol, and
17% were still in place beyond the 10th postoperative day.

Approximately 10% of ventricular TEW were nonfunctional
on day 0, when tested on arrival in the ICU. The surgeon who



Table 2. Intraoperative Data

N % Mean � SD

Surgery

Isolated coronary bypass 81 34

Isolated valvular surgery 109 46

Combined coronary and valvular 19 8

Emergency (aortic dissection, acute MR) 20 8.5

Cardiopulmonary bypass time (min) 221 98 � 45

Aortic cross-clamp time (min) 220 71 � 32

Site of TEW insertion

2 electrodes on RA 49 34

1 electrode on RA 93 66

2 electrodes on RV 9 4

1 electrode on RV 227 96

Abbreviations: MR, mitral regurgitation; RA, right atrium; RV, right

ventricle; TEW, temporary epicardial wires.
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placed the positive electrode in the subcutaneous tissues
inserted half of these TEW.

For the functional TEW, the natural evolution of their
capture and sensitivity thresholds is illustrated in Figures 2 and
3, respectively. The median value of capture thresholds on day
0, measured on arrival in the ICU, was 4.5 mA for atrial TEW
and 3.2 mA for ventricular TEW. The median value of
sensitivity thresholds on day 0 was 1 mV for atrial TEW and
3 mV for ventricular TEW. Capture thresholds increased
significantly from the first postoperative day for atrial TEW
and the second postoperative day for ventricular TEW
(Table 3). Sensitivity deteriorated significantly from the second
postoperative day, both for atrial and ventricular TEW.
Approximately 10% of all TEW became nonfunctional (failure
to capture) before the fourth postoperative day, and 16% of the
original number of TEW still were functional beyond the
seventh postoperative day with capture thresholds o15 mA.
When the groups were compared, fibrinogen level was sig-
nificantly higher on day 2 and 3 in the group of rapidly
nonfunctional atrial TEW (Table 4). Both atrial and ventricular
nonfunctional TEW also had significantly higher initial values
of capture thresholds.

Temporary pacing was used for 16% of patients on day 0,
mainly for accelerating a bradycardial rhythm. The median
energy output used on day 0 was 17.5 mA for atrial pacing and
20 mA for ventricular pacing (Table 5).

Severe complications on TEW removal necessitating a
surgical intervention were noted in 0.8% of cases (1 tamponade
Fig 2. Evolution of temporary epic
and 1 hemothorax) (Table 6). Retained TEW occurred for 3%
of atrial TEW and 2% of ventricular TEW. Pacing was painful
for 17 (7.2%) patients. Half of them complained of unpleasant
cutaneous tingling when one electrode was inserted in the
subcutaneous tissues. The others reported right shoulder pain or
diaphragmatic stimulation.

Failure to pace occurred in about 20% of atrial and
ventricular TEW before the fourth postoperative day (including
nonfunctional TEW on day 0) (see Table 6). In 3 cases (1.2 %),
pacing was considered necessary but had to be replaced by
isoproterenol infusion because of ventricular TEW dysfunction
(2 cases) or painful stimulation (1 case). Otherwise, failure to
sense occurred in one-third of atrial TEW and only a small
percentage of ventricular TEW.
DISCUSSION

Temporary pacing is a simple and efficient method for
treating severe or mild conduction disorders that occur com-
monly after cardiac surgery. Unfortunately, the main problem
of this technique is the short-term reliability of TEW.

Natural evolution of capture and sensitivity thresholds of
TEW was described by Elmi et al in 20029 and no other larger
studies have been conducted since. Therefore, the authors
wanted to prospectively reassess the natural evolution of
TEW thresholds. As suspected, the evolution noted in this
study was worse than that described by Elmi et al. Capture
thresholds increased more rapidly, from the first postoperative
day for atrial TEW and the second postoperative day for
ventricular TEW. Surprisingly, this evolution reached a plateau
on day 5, which can be explained by the decreased number of
patients with TEW left, because half of the TEW had been
removed at this time. This evolution concerned the majority of
TEW (74%).

The other TEW had two opposite evolution profiles: 10%
became rapidly nonfunctional (failure to capture before the
fourth postoperative day), whereas 16% of the initial TEW
were still functional after the seventh postoperative day. Factors
associated with these two opposite evolutions could not be
identified because the samples were too small. An inflamma-
tory syndrome could be responsible for the loss of capture of
atrial TEW, because the fibrinogen level was significantly
higher on days 2 and 3 in the group of rapidly nonfunctional
atrial TEW (see Table 6). Interestingly, no difference between
the fibrinogen level in the group of functional and nonfunc-
tional ventricular TEW was found, because probably
ardial wires capture thresholds.



Table 3. Repeated-Measures Analysis of Variance for Thresholds During the First 4 Postoperative Days

Capture Thresholds Sensitivity Thresholds

Atrial Ventricular Atrial Ventricular

Mean Variance p Mean Variance p Mean Variance p Mean Variance p

D0 7.6 55.4 7.0 71.7 1.2 1.2 4.2 10.4

D1 10.6 73.5 o0.0001* 8.8 79.3 0.14 1.0 1.2 0.049 4.0 8.2 0.69

D2 13.6 81.6 o0.0001* 10.2 89.6 o0.0001* 0.8 0.8 o0.0001* 3.4 6.3 o0.0001*

D3 14.9 82.3 o0.0001* 12.9 102.2 o0.0001* 0.7 0.5 o0.0001* 2.9 4.4 o0.0001*

*p o 0.05.

Table 4. Nonfunctional TEW Before Day 4 Versus Functional TEW Beyond Day 7

Atrial Ventricular

Nonfunctional od4

n ¼ 15 (10.5%)

Functional 4d7

n ¼ 23 (16%)

Nonfunctional od4

n ¼ 27 (11.4%)

Functional 4d7

n ¼ 4 (17.3%)

Mean/% SD Mean/% SD p Mean/% SD Mean/% SD p

Age 66 9.5 70.2 10.7 0.223 68.5 10.7 69.5 10 0.702

BMI 28 2.2 27 5.8 0.524 27.1 3.8 27.3 6 0.872

EuroSCORE 1 6.9 7 9.4 8.2 0.331 7.6 7.6 11.5 11.8 0.127

EuroSCORE 2 2.7 2.9 2.8 1.7 0.904 2.4 1.9 4.3 4.3 0.037*

ASA score 2.5 0.5 2.4 0.5 0.564 2.3 0.49 2.6 0.47 0.01*

Cardiopulmonary bypass time (min) 80.3 23.7 94.2 50.6 0.345 96.2 48.7 108.7 61.6 0.384

Aortic cross-clamp time (min) 62.9 18.6 68.3 39.5 0.634 71.3 40.3 76.4 42.3 0.623

Preoperative WBC (G/L) 7.6 1.7 7.4 2.3 0.816 7.8 2.6 9.1 5.3 0.265

WBCC d1 13 4.3 12.5 5 0.733 13.8 5 13 4.4 0.46

WBCC d2 14 4.7 13.5 4.6 0.741 4.8 4.7 14 4.5 0.534

WBCC d3 12.3 3.3 11.4 4.2 0.508 112.4 4.2 12 4.2 0.746

Preoperative platelets (G/L) 221 37 211 104 0.736 221 61 235 97 0.52

Platelets d1 176 29 161 81 0.497 174 62 178 68 0.804

Platelets d2 162 30 143 77 0.376 153 67 160 61 0.67

Platelets d3 165 36 138 65 0.241 148 66 154 62 0.714

Preoperative fibrinogen (g/L) 3.7 0.5 3.9 1.4 0.758 3.6 0.6 3.9 1.5 0.293

Fibrinogen d1 4.1 0.6 3.8 1.1 0.341 3.7 0.8 3.9 1 0.568

Fibrinogen d2 6.5 1.5 5.4 1.2 0.035* 5.7 1 6.3 1.5 0.14

Fibrinogen d3 8.4 1.6 6.5 1.8 0.01* 6.9 1.6 9.1 10.7 0.341

Threshold d0 9.4 6.6 5.7 3.5 0.049* 13.6 7.7 3.6 2.2 o0.0001*

Threshold d1 18.8 11 7.7 4.4 0.0002* 17.3 7.8 3.7 1.8 o0.0001*

Threshold d2 27.3 6.8 9.7 5.6 o0.0001* 24.6 6.5 4.5 2.2 o0.0001*

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; d, day; TEW, temporary epicardial wires; WBCC, white

blood cell count.

*p o 0.05.

Fig 3. Evolution of temporary epicardial wires sensitivity thresholds.
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Table 5. Temporary Pacemaker Settings

d0

n ¼ 38

d1

n ¼ 19

d2

n ¼ 9

d3

n ¼ 7

d4

n ¼ 9

d5

n ¼ 6

d6

n ¼ 2

d7

n ¼ 2

d8

n ¼ 3

d9

n ¼ 4

d10

n ¼ 3

4d10

n ¼ 1

Median atrial energy output (mA) 17.5 15.5 12 20 20 13 20 15 15 20 20

Median ventricular energy output (mA) 20 15 20 20 15 20 20 17.5 20 20 25 20

Pacing rate (bpm) 79 �4 77 �5 74 �9 71 �7 73 �9 71 �9 62 �3 70 �14 78 �3 75 �7 78 �3 80

Abbreviations: bpm, beats per minute; d, day.
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ventricular TEW were more deeply inserted in the epicardium
and therefore less influenced by inflammation. Unfortunately,
there are no published data about the influence of the
inflammatory syndrome on TEW thresholds evolution, and
this theory needs to be supported by other prospective studies.
Finally, a high initial threshold seems to be associated with a
more rapid degradation of both atrial and ventricular TEW and
encourages anesthesiologists to leave the operating room with
acceptable low thresholds.

Another factor accelerating TEW threshold deterioration
could be the high-energy output used for pacing in this
institution (see Table 5), although a causal relationship could
not be established. Indeed, tissue damage is an unavoidable
side effect of the application of an electric field to the cardiac
muscle. In 1990, Antunez showed that the electrical component
played an important role in damage to the heart tissue in dogs
by chronic pacing. Even with all other factors minimized, the
leads stimulating with greater current density generated more
fibrosis and had higher pacing thresholds.10 More recently, in
an experimental study on 5 rabbit hearts in vitro, Sambelashvili
et al showed that acute tissue damage caused by temporary
high-intensity pacing (biphasic pulse 40 mA, 4 ms, delivered
for 5 minutes through a unipolar electrode placed on the left
ventricular epicardium) led to a three- to fourfold increase of
pacing thresholds, synchronously with the size of the damaged
region.11 Electroporation and cell uncoupling by destruction of
the gap junction channels were the main mechanisms involved.
Therefore, although there are no specific human studies on
temporary epicardial pacing, high-intensity current appears to
be a possible and avoidable factor leading to capture dysfunc-
tion and needs to be emphasized.

In this study there was also a higher percentage of non-
functional TEW on day 0 compared with Elmi’s study. Because
TEW were not systematically tested in the operating room,
capture dysfunction was discovered in the ICU. Other times,
Table 6. Complications Related to TEW

n (%)

Surgical complications 2 (0.08%)

Retained atrial TEW 4 (3%)

Retained ventricular TEW 5 (2%)

Painful stimulation 17 (7.2%)

Patients needing pacing with nonfunctional TEW 2 (0.8%)

Patients needing pacing interrupted for painful stimulation 1 (0.4%)

Failure to pace before d4 (atrial TEW) 21 (20.8%)

Failure to pace before d4 (ventricular TEW) 45 (20.3%)

Failure to sense before d4 (atrial TEW) 34 (31.5%)

Failure to sense before d4 (ventricular TEW) 13 (6.3%)

Abbreviations: d, day; TEW, temporary epicardial wires.
TEW were functional when tested in the OR but lost their
capture function on arrival in the ICU, suggesting wire
dislodgement at the time of sternal closure or during patient
transfer. The differences in surgeons’ TEW insertion technique
might explain some of these results. Indeed, half of the wires
that were nonfunctional on day 0 were implanted by the same
surgeon, who placed the positive electrode in the subcutaneous
tissues, suggesting that this technique may provide premature
capture dysfunction.

Sensitivity evolution was less predictable. It deteriorated
significantly from the second postoperative day, as in the study
of Elmi et al,9 and thereafter the evolution was random. Atrial
sensitivity was more defective than ventricular sensitivity, as
median thresholds value reached 0.5 mV (inferior limit of
pacemaker sensitivity) for several days. Failure to sense is
important to detect when setting a demand pacing mode,
because it can expose the patient to premature ventricular
depolarization (R-on-T phenomenon), which may result in
ventricular tachycardia or ventricular fibrillation. Therefore,
clinicians should be careful when setting the pacemaker
sensitivity and not trust the automatic value. The more frequent
atrial sensitivity failure probably is due to more superficial
insertion in the atrial epicardium or in scar tissue, such as the
purse strings.

Complications related to TEW are not well quantified in the
literature.5,6 In this study, major surgical complications on
TEW removal (0.8%) occurred with forced traction after
antiplatelet and anticoagulant therapy was initiated. Minor
complications were impossible removal and painful pacing.
Impossible removal concerned wires removed late (mean of
10 � 6th postoperative day). The main problem is the possi-
bility of wire migration, which was described in previous
studies.7,8 Painful pacing was reported mainly when the
positive electrode was placed in the subcutaneous tissues;
patients complained of unpleasant tingling. Therefore, it seems
that this technique not only is subject to capture dysfunction
but also provides unpleasant pacing sensation. Thus, temporary
epicardial pacing after cardiac surgery, although a routine
technique, might be partly neglected in terms of details
(insertion of TEW, pacemaker settings, time of TEW removal
etc.), as well as anticipation and management of complications.

The main limitation of this study was its monocentric type,
reflecting the professional practices of surgeons and anesthesi-
ologists in one institution. Second, it is purely observational
and no interference was made with local protocols, which may
explain some of the results and limit extrapolation. However,
the study provides new information relative to a previous study
by Elmi et al regarding different evolution profiles of TEW,
with a possible hypothesis of inflammatory syndrome for atrial
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capture dysfunction, use of high-energy output probably
contributing to TEW capture dysfunction, and certain surgical
TEW insertion techniques leading to premature loss of capture
and painful stimulation.

CONCLUSION

Temporary epicardial pacing is an efficient, widely used
method to treat conduction abnormalities after cardiac surgery,
but it is not devoid of issues and complications. The results
suggest that (1) there is a progressive and sometimes premature
deterioration of capture/sensitivity thresholds and (2) the
frequency of major surgical complications related to TEW is
low. However, dysfunctional TEW can occur in up to 20% of
patients and in some cases, although not often, can occur in
patients requiring pacing. Operator-related misuse such as too
high energy used for pacing is an important and avoidable
factor possibly contributing to threshold increase. The surgical
technique of TEW insertion and probably other additional
factors favor the capture dysfunction and need to be identified
in studies with larger population samples.

Finally, the results suggest that education is required
despite the routine use of temporary epicardial pacing. This
includes some good practice rules: Measure of capture and
sensitivity thresholds before starting pacing and then daily;
setting an output value maximum of 2 to 3 mA beyond the
capture threshold; and, finally, setting the pacemaker sensitivity
twofold lower than the sensitivity threshold in case of a
demand pacing mode.
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