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Introduction: Temporary transvenous cardiac pacing (TTCP) can lead to potential penetra-
tion and occasional perforation of the right ventricular wall. No study to date has analyzed
the effect of TTCP on myocardial injury by cardiac troponin (cTn) measurement. The present
study was designed to investigate perioperative myocardial injury in elective TTCP in
noncardiac surgical settings.

Patients and Methods: This retrospective study investigated the data collected from
August 2018 through March 2020 from 22 eligible patients who underwent elective TTCP
for noncardiac procedures. The patients had a median age of 66 (50—83) years; six (27.3%) of
them were women, and all of them had a baseline ¢Tn <1 upper reference limit (URL).
Cardiac biomarker assays were performed before and after TTCP, and their results were
compared.

Results: After TTCP, cTn > 1 URL was detected in 20 (91%, N=22) patients. Among these
22 patients, paired 7-test comparing assay results before and after TTCP lead insertion
showed a mean cTn elevation of 3.599 URL (95% CI: 1.566 to 5.632, P<0.01), and
a mean creatine kinase-MB isoform elevation of 0.1550 URL (95% CI: —0.01239 to
0.3224, P>0.05).

Conclusion: The study demonstrates a high incidence of myocardial injury associated with
TTCP, which should be a matter of concern for the involved physicians.

Keywords: temporary pacemaker, temporary transvenous cardiac pacing, myocardial injury,
bradycardia, perioperative myocardial injury

Introduction

Temporary transvenous cardiac pacing (TTCP) is a potentially life-saving interven-
tion and can be broadly categorized as emergency or elective according to its
indications. Emergency TTCP is indicated primarily in life-threatening bradycardia
with hemodynamic compromise. Elective TTCP is usually undertaken in surgical
settings or for other interventions if the patient’s underlying pathology may lead to
transient bradycardia or the subsequent procedure is likely to produce
bradycardia.' However, TTCP has limited coverage in consensus guidelines, and
most available evidence has been derived from small observational studies and
clinical experience rather than scientific trials.>”

Complications of TTCP can be classified into two broad categories: venous
access-related complications or pacing catheter-related complications.* Ultrasound-
guided venous access has been shown to be safe; thus, complications associated
with this method are rare.”’ It is well known that the implantation of a permanent
pacemaker is associated with minor myocardial injury, which is typically quantified
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by measuring serum cardiac troponin (cTn) levels.* ' The
lead fixation mechanism during permanent pacemaker
implantation may inevitably damage the myocardium,*'°
while a standard TTCP pacing catheter has a blunt, smooth
tip and lacks a fixation mechanism. Is the implantation of
a standard TTCP pacing catheter also associated with
myocardial injury? The standard TTCP pacing lead is
relatively stiff, and placement of a pacing lead within the
right ventricle may promote ventricular ectopic activity
and occasionally prolong ventricular arrhythmia.'' This
pacing lead can penetrate and occasionally perforate the
right ventricular wall;>'? rarely, this will result in cardiac
tamponade associated with an increased risk for in-
hospital death.'> Perforated and penetrated ventricular
walls are signs of substantial myocardial injury, a term
used when there is evidence of elevated cTn values at least
one value above the 99th percentile upper reference limit
(URL) in the current guidelines.'* However, there is no
study evaluating myocardial injury associated with TTCP
by cTn assays. Patients requiring emergency TTCP usually
have an acute heart condition such as myocardial infarc-
tion, heart failure, cardiogenic shock, or cardiac arrest,13
which subsequently cause c¢Tn to increase. Postoperative
cTn levels are elevated after all types of cardiac
surgeries;15 therefore, to exclude other factors affecting
cTn release as much as possible, this study was designed
to investigate perioperative myocardial injury in elective
TTCP in the setting of noncardiac surgeries.

Patients and Methods
Study Design and Patients

This retrospective study involved 33 consecutive patients
who underwent elective TTCP for scheduled noncardiac
surgeries performed by the first author from August 2018
to March 2020. The cardiovascular risk for each patient
was low, except for those with bradycardia; thus, the
TTCP lead was placed at the bedside by the first author,
who is an emergency physician and only experienced in
TTCP lead placement at bedside; in other situations not
encountered in this study, cardiologists have to operate on
the patient for lead placement in a catheter lab. Among the
33 enrolled patients, 22 had cardiac biomarkers measured
both before and after TTCP placement and compared.
The twenty-two eligible patients had a median age of 66
years (range: 50-83 years), and six (27%) were female.
Thirteen (59%) surgical patients underwent tumor excision,

including two with colon cancer, two with rectal cancer,

three with lung cancer, three with maxillofacial cancer, two
with stomach cancer, and one with bladder cancer. Among
the other nine surgical cases, one had an inguinal hernia,
three had a cervical fracture or cervical spinal disease, one
had intestinal obstruction, and four had a biliary stone. None
of the patients had a history of myocardial infarction, stroke,
heart failure, or chronic kidney disease. No remarkable
structural abnormalities were shown on preoperative trans-
thoracic echocardiography in any of the patients. Except for
slightly elevated creatinine in one patient (120.5 pumol/L),
B-type natriuretic peptide (BNP), hemoglobin and creatinine
levels were normal. The decision to perform TTCP was
made by the responsible doctors after consultation with
cardiologists and/or anesthesiologists. TTCP indications
and baseline patient characteristics are included in Table 1.

Table | Baseline Characteristics of Patients and Indication of
TTCP

Characteristics All (N=22)
Age, y [range (median)] 55-83 (66)
Female, n (%) 6 (27.3)
Hypertension, n (%) 3 (13.6)
Diabetes mellitus, n (%) 3 (13.6)
Coronary artery disease, n (%) | (4.5)
Smoking, n (%) 8 (36.4)
Surgery type, n (%)
Tumor resection 13 (59.1)
Bile duct stones 4 (18.2)
Spine diseases 3 (13.6)
Intestinal obstruction I (4.5)
Hernia | (4.5)
Indication, n (%)
Mobitz type I AVB | (4.5)
Sinus pause I (4.5)
Sinus bradycardia complicated with:
Junctional rhythm | (4.5)
SVT/AT 2(9.1)
|° AVB & CRBBB | (4.5)
Potential intraoperative bradycardia 12 (54.5)
Negative atropine challenge test 4 (18.2)

Notes: Sinus bradycardia: sinus rate <50 bpm. Potential intraoperative bradycardia:
certain surgical procedures potentially cause periods of bradycardia by activating
the trigeminal cardiac reflex or vagus nerve, including maxillofacial surgeries (one
patient), peritoneal insufflation/perfusion chemotherapy (five patients), and proce-
dures that involve manipulation of the spine (two patients) or bile duct (four
patients).

Abbreviations: AVB, atrioventricular block; CRBBB, complete right bundle branch
block; SVT, supraventricular tachycardia; AT, atrial tachycardia.
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TTCP catheters were placed within 12 hours before
surgery for all 22 patients, maintained for 6 to 24 hours,
and withdrawn soon after surgery for 21 patients; the final
patient was maintained on TTCP for 3 days. Cardiac
biomarker values were measured within two weeks before
TTCP and at night (two patients) or the next morning (20
patients) after the surgery. Additional ¢Tn assays were
performed post TTCP for three patients.

Material and Temporary Pacemaker

Placement

Temporary pacemakers (model 5348 or 5392, Medtronic),
7 French (Fr) hemostasis introducers (Fast-Cath™ &
Cath-Lock™, St. Jude Medical), and 6 Fr nonfloating
(without a balloon) right heart curve bipolar pacing cathe-
ters (PACEL™, St. Jude Medical) were used.

The most common access site was the right internal
jugular vein (16 patients, 73%) followed by the subclavian
vein (four patients, 18%) when the surgery involved the right
neck. The femoral vein approach was used (two patients,
9%) after difficulties were experienced in advancing the
TTCP catheter through the subclavian vein or right internal
jugular vein. Except for subclavian vein access, all central
venous access was performed under ultrasound guidance.

Pacing catheterization was guided by intracavity
electrocardiography (IC-ECG).'®!” The target of the
proximal electrode was shown by a slight ST-segment
elevation <2 mV on IC-ECG, constituting a proper posi-
tioning against the ventricular wall and an adequate
pacing site,'® which can be very difficult to maintain it
if the patient changes positions (Figure 1). The location
of the catheter tip was further confirmed with downward
QRS waves in leads II, III, and aVF on standard
pacing ECG.

The sensing threshold ranged from 2.5 mV to 20 mV
(maximum setting at the pacemaker), with an average of
7.34 mV. The pacing threshold was 2 mA in one patient
and no more than 1 mA for the others, with an average of
0.72 mA. The pacemaker was set to VVI mode, at a rate of
40 to 60 ppm, a sense of 1.5 to 3 mV, and an average
output of 3.0 (from 2 to 8) mA.

Few complications were observed clinically. One
patient felt uncomfortable when the test pacing was at 80
pulses per minute. Arterial puncture, which did not require
particular intervention, occurred accidentally for two
patients, including one with a hematoma of the thorax
caused by subclavian artery puncture. Ventricular ectopic
beat and ventricular tachycardia were common when the
pacing catheter was moved in the right ventricle chamber
to achieve a proper ST-elevation myocardial infarction
(STEMI) pattern (ST-segment elevation < 2 mV) on IC-
ECG. These were resolved once manipulation of the lead
ceased. Other complications, such as thromboembolism,
infection, and bleeding, were not observed.

Statistical Analysis

Data on the plasma concentrations of cardiac biomarkers,
including high-sensitivity cTn, creatine kinase-MB isoform
(CK-MB), creatine kinase (CK), and myoglobin (MYO),
were analyzed. The cTn assay (N=44) results included
cTnT (normal range < 14 pg/mL) for nine assays and cTnl
(normal range < 0.03 ng/mL) for 35 assays. The measure-
ment units were standardized to the URL. The number of
patients with myocardial injury and CK-MB above the URL
was determined. The paired ¢-test was applied to compare
the four biomarker values before and after TTCP. For all
analyses, P<0.05 indicated statistical significance. The ana-
lyses were conducted using GraphPad Prism 5.

Figure | Access site through the right jugular vein. On IC-ECG, the ST-segment elevation varies when the patient turns his or her head from right to left.
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Figure 2 Comparisons of cTn, CK-MB, CK, and MYO levels before and after the
operation *P>0.05, **P<0.01.
Abbreviation: URL, upper reference limit.

Ethical Consideration

This study followed the guidelines established in the
Helsinki Declaration. The Hunan Provincial People’s
Hospital Ethics Committee granted study approval for
the study (reference number: 2020-07) and waived the
usual requirement for informed consent, as all data were
deidentified and analyzed anonymously.

Results

Myocardial injury was identified in 20 (91%) of the 22
eligible patients: the cTn level before TTCP was below the
URL, ie, cTn< 1 URL; after TTCP, 20 (91%, N=22)
patients demonstrated cTn > 1 URL.

Among the 22 patients, there were statistically signifi-
cant differences in the serum ¢Tn and MYO levels before
and after the operation: ¢Tn mean of differences 3.599
URL (95% CI: 1.566 to 5.632), P=0.0014; MYO mean
of differences 2.139 URL (95% CI: 0.8034 to 3.475),
P=0.0032. There were no statistically significant differ-
ences in the serum CK-MB and CK levels before and
after the operation: CK-MB mean of differences 0.1550
URL (95% CI: —0.01239 to 0.3224), P=0.0677; CK mean
of differences 1.080 URL (95% CI: —0.4072 to 2.568),
P=0.1458 (Figure 2).

Three patients received repeated cTn assays after
TTCP. Specifically, the ¢Tn level returned to normal on
the third day and the fifth day after TTCP for one patient
each, while for the final patient, the cTn level was slightly
above 1 URL on the third day after TTCP, but no further
assays were performed. Four patients underwent post-
operative ECG recording, none of which demonstrated
ischemic changes.

Discussion

In this study, perioperative myocardial injury was detected
by an increase in high-sensitivity ¢Tn in 20 of 22 (91%)
patients. Before the ¢Tn assay and the term myocardial
injury were introduced, the best myocardial infarction
biomarker was CK-MB. In this study, CK-MB was slightly
above 1 URL for only four (18%) of the 22 patients, and
the average increase of 0.1550 URL was not statistically or
clinically significant, which may partly explain why a high
incidence of myocardial injury after TTCP has not been
previously reported. The elevated CK and MYO values
could be attributed to perioperative noncardiac muscle
injury.

Risks of myocardial injury, including hypoxemia,
shock/hypotension, anemia, renal failure, heart failure,
and ischemic heart disease,'* were not recorded for the
22 patients. In patients with high cardiovascular risk, peri-
operative myocardial injury detected by an acute increase
in high-sensitivity ¢Tn is a common complication after
13% to 16% of
subsequent subgroup analysis of those

noncardiac surgery, occurring in

patients;'°
patients with active tumor disease identified perioperative
myocardial injury in 12% to 19%.'"”2° In our study, in
patients with similar or even less cardiovascular risk,
perioperative myocardial injury was identified in 91% of
patients, which raises concerns of myocardial injury by
TTCP.

Is the pacing current the cause of the elevated ¢Tn
level? The average pacing threshold and current of the
TTCP in this study were as small as those of permanent
pacemakers. Several studies on permanent pacemaker-
associated myocardial injury suggest that the mechanical
effects of the pacing lead rather than pacing current result
in an elevation of ¢Tn.® ' Christopher and others reported
that after permanent cardiac pacing, a small rise in cTn
levels above normal was observed in 21% of patients,
which was only correlated with a prolonged time for lead
implantation.® The much higher incidence of myocardial
injury in our study indicates that standard temporary leads
cause greater trauma to the myocardium than permanent
pacing leads. Unlike these leads, which cause injury to the
myocardium only at the time of implantation, standard
temporary leads may frequently cause friction and injury
to a specific area of the cardiac endocardium.

In this study, most indications for TTCP could be identi-
fied in patients who were at high risk for the development of
intraoperative or periprocedural bradycardia because of their

4 I 8 https:
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characteristics or procedure type. These are traditional, clin-
than
indications,” and there is no clear consensus or specific

ical experience-based, rather evidence-based,
recommendation for TTCP in the current guidelines.' The
benefits of TTCP include eliminating bradycardia and pre-
venting cardiac arrest. TTCP lead placement is generally
safe and has a low pericardial complication rate.'* Because
of the safety of well-prepared elective TTCP performed by
an experienced operator, in this study’s hospital, elective
TTCP is performed prophylactically for patients at high
risk for the development of bradycardia undergoing surgery
as a practical measure. Emergency TTCP, however, may be
poorly prepared or performed by an inexperienced operator.
For example, only 7% of emergency TTCP operators had
ever received any formal training in the UK.?! In our study,
even though TTCP was well prepared and IC-ECG guidance
was used to ensure that the pacing lead properly touched the

right ventricle wall,'®™'®

a high incidence of myocardial
injury was still demonstrated.

In emergency TTCP, the myocardium may be more
vulnerable to the pacing catheter. As Hwang and others
report, in acute inferior STEMI and high-degree atrioventri-
cular block, periprocedural TTCP for primary percutaneous
coronary intervention does not decrease the incidence of
adverse cardiocerebrovascular events and thus is more likely
to increase the incidence of cardiogenic shock and prolong
hospitalization.”> An analysis of >360,000 patients who
underwent TTCP in the United States between 2004 and
2014 concluded that TTCP is generally safe with low peri-
cardial complication rates (0.6%)."> However, the in-
hospital mortality rate (>10%) and strikingly high mortality
rate (>50%) over 4 years of follow-up are concerning and
suggest the need to identify other complications and altera-
tions of TTCP.*"*** Myocardial injury is prognostically
important and warrants clinical attention.”**® This may
not necessarily apply to myocardial injury associated with
TTCP, whose underlying pathophysiological mechanisms
may differ from those of other causes of myocardial injury,
such as myocardial infarction, shock, or myocarditis.
Nevertheless, TTCP placement should be prudent regarding
myocardial injury, which complies with the guideline
recommendation that TTCP should be avoided or applied
as briefly as possible.'” Whether standard temporary leads
cause massive cardiac endothelial damage is currently
unknown and is worthy of further study in animal models.

Theoretically, from the hardware perspective, a more
flexible pacing lead with a softer tip might help mitigate
or avoid myocardial injury. In this study, the temporary

catheters had a smooth, 6 Fr, isodiametric profile with no
fixation mechanism (standard catheters), enabling suffi-
cient stiffness to prevent dislocation and easy removal.
Lang et al reported that TTCP with floating catheters
(more flexible than standard catheters) were associated
with lower complication rates,”®° but according to
a survey on current practices, only approximately 16%
of the
catheters.®® The use of an externalized permanent active

interviewed physicians preferred floating
fixation lead in place of the standard temporary pacing
lead in TTCP has been suggested to have a safer

profile’*'-*

and is recommended by the current guide-
lines for patients who require prolonged TTCP." A new
TTCP lead with a soft distal tip to minimize the risk of
cardiac injury and retractable wire loop stabilizers that
provide atraumatic myocardial fixation were demon-
strated to be safe and technically feasible.*?

This study has several limitations. First, the patient
cohort was small and not part of a consecutive series, and
temporary pacing was performed by an emergency physi-
cian, resulting in insufficient power for generalizing the
results to a wider population. Second, mixed cTnl and
cTnT results were analyzed by standardizing the units to
URL, which is in accord with the criteria of the definition of
myocardial injury in the current guidelines; therefore,
although the qualitative diagnosis of myocardial injury for
all patients was appropriate, the quantitative analysis was
not accurate. Third, our study did not determine whether or
how a rise in cTn level is correlated with adverse clinical
events. Last, the pacing leads were not monitored by echo-
cardiography, which can be used to observe the real-time
movement of the pacing wire or possible lead friction on the
right ventricle endocardium. A combination of cardiac bio-
marker assays and echocardiography monitoring should
reveal more information in future studies of TTCP.

Conclusion

Although our study has several limitations, the results
indicate that the TTCP catheter should be considered
more than a foreign body. Due to the high incidence of
myocardial injury, clinicians are advised to consider it in
decision-making for TTCP implantation.

Abbreviations

URL, upper reference limit; TTCP, temporary transvenous
cardiac pacing; ¢Tn, cardiac troponin; IC-ECG, intracavity
electrocardiography; CK-MB, creatine kinase MB iso-
form; CK, creatine kinase; MYO, myoglobin.
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