Evaluation of changes in cardiac biomarker
concentrations and enzyme activities in serum
after short- and long-duration transcutaneous

cardiac pacing in dogs
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Objective—To evaluate serum cardiac biomarker concentrations and selected enzyme ac-
tivities in dogs with experimentally induced bradyarrhythmias after short- (1-hour) and long-
(3-hour) duration transcutaneous cardiac pacing (TCP).

Animals—10 healthy Beagles.

Procedures—In each dog, anesthesia was induced with propofol (5 mg/kg, 1V) and main-
tained via inhalation of isoflurane in oxygen. To induce bradyarrhythmia, diltiazem was ad-
ministered IV (20 to 50 mg/dog). Transcutaneous cardiac pacing was performed for 1 hour
(5 dogs) or 3 hours (5 dogs) by use of an automated external cardiac pulse generator and
a transdermal electrode. Serum concentrations of creatine kinase-MB fraction and cardiac
troponin | and activities of aspartate transaminase, creatine kinase, and lactate dehydroge-
nase were evaluated the day before (baseline) and at intervals until 7 days after TCP.

Results—Increases (from baseline) in serum cardiac biomarker concentrations and enzyme
activities were detected in the long-duration TCP group; changes in the short-duration TCP
group were more minor and largely not significant. Although severity of myocardial and
skeletal muscular injuries was apparently greater with greater duration of TCP, the injuries
were not persistent; most variables were within reference range within 3 days after TCP,

Conclusions and Clinical Relevance—Results indicated that application of TCP for > 1
hour in dogs may cause myocardial and skeletal muscular injuries. Serum concentrations
of creatine kinase-MB fraction and cardiac troponin | and activities of aspartate transami-
nase, creatine kinase, and lactate dehydrogenase should be more carefully monitored af-
ter TCP of > 1 hour’s duration to evaluate potential myocardial damages. (Am J Vet Res

2009;70:599-603)

’I‘ranscutaneous cardiac pacing is a noninvasive tem-
porary method for restoring normal heart contrac-
tions in humans and animals with abnormally slow
heart rates. Transcutaneous cardiac pacing is relatively
easy to perform and only requires minimal training;
therefore, the procedure is commonly used for the
emergency treatment of humans with a high risk of
bradycardic rhythm disturbances (eg, high-grade heart
block, sick sinus syndrome, or vasovagal syncope).!
The safety of prolonged use of TCP has always
been a concern. However, in several studies*” in dogs
and humans, no enzymatic, ECG, or microscopic evi-
dence of myocardial damage after pacing for as long
as 30 minutes has been detected. In addition, in dogs
with experimentally induced anoxia, TCP stimulation
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ABBREVIATIONS

AST Aspartate transaminase

CK Creatine kinase

CK-MB Creatine kinase-MB fraction
cTnl Cardiac troponin |

LDH Lactate dehydrogenase

TCP Transcutaneous cardiac pacing

did not result in ventricular fibrillation or ventricular
tachycardia during the vulnerable period.® Only 1 of
the 32 human patients who received TCP in another
study’ developed ventricular fibrillation; however, life-
threatening ventricular arrhythmias were induced in
dogs in which the capture energy used was 10 times as
great as the pacing threshold.®

Despite the fact that application of TCP for a period
of 30 minutes appears not to induce serious myocardial
injuries in dogs and humans,** the safety assessment
of TCP of longer duration (ie, periods > 1 hour) may be
more appropriate because most patients generally require
treatment with TCP for long periods in clinical situations.
However, the long-term use of TCP in either humans or
dogs has never been investigated to our knowledge.
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Potentially, continuous stimulation from cardiac
pacing energy will damage cardiac and skeletal muscle
cells and may result in the release of cellular leakage
enzymes. Therefore, evaluation of changes in concen-
trations of cardiac biomarkers and activities of enzymes
in serum as indicators of myocardial or skeletal dam-
age may be clinically important because the use of
TCP is gaining popularity in the treatment of brady-
arrhythmias in small animals. The purpose of the study
reported here was to evaluate cardiac biomarker con-
centrations and enzyme activities in serum in dogs with
experimentally induced bradyarrhythmias after short-
(1-hour) and long-duration (3-hour) TCP.

Materials and Methods

Animals—Ten healthy Beagles that had no evident
abnormalities in thoracic cavity conformation were se-
lected for the study. The mean + SD weight of the dogs
was 9.24 + 0.71 kg; there were 6 females and 4 males
(all of which were sexually intact). Each dog was con-
sidered healthy on the basis of results of a CBC* and
serum biochemical analyses® (including assessment of
variables indicative of hepatic and cardiac function).
Each dog was examined for preexisting cardiac diseases
via 12-lead ECG, thoracic radiography, and 2-dimen-
sional (with M-mode) echocardiography. Dogs with
cardiomegaly or echocardiographic abnormalities (eg,
cardiac dimensions or valvular competency that ex-
ceeded reference values) were excluded from study par-
ticipation. The study was approved by the animal ethics
committee of Kangwon National University and was in
strict compliance with the guidelines set forth by the
National Research Council of Korea (including animal
care and euthanasia). Five dogs were each assigned to
undergo short- or long-duration TCP.

Anesthesia and artificial ventilation—Anesthesia
was induced in each dog via IV administration of pro-
pofol? (5 mg/kg). After tracheal intubation, anesthesia
was then maintained via inhalation of isoflurane® in
oxygen. The dog was mechanically ventilated at a rate
of 20 to 30 breaths/min by use of a volume-cycled res-

pirator." End-tidal Pco, values and oxygen saturation as
measured via pulse oximetry were monitored through-
out the experiment by use of a patient monitor.

Induction of bradyarrhythmia—To induce brady-
arrhythmia, diltiazem" (20 to 50 mg) was administered
via a cephalic vein in each dog. Bradyarrhythmia (iden-
tified by heart rate, < 30 beats/min and ECG detection
of sinus node exit block, P-R interval prolongation, and
atrial standstill) or cardiac arrest was confirmed by use
of a continuous digital ECG monitor.!

Protocol for evaluating the safety of short- and
long-duration TCP—An automated external cardiac
pulse generator’ and a transdermal electrode* were used
for TCP. Five dogs underwent TCP for 1 hour (short-
duration treatment), and 5 dogs underwent TCP for 3
hours (long-duration treatment). For each dog, TCP
involved application of 5 mA of pacing current/kg of
body weight (with 20 milliseconds of pulse duration)
via transdermal electrodes (surface area, 40 cm?) in the
left apex—right apex positions (ie, electrode placement
over the costochondral junctions of the fourth to sev-
enth ribs on the left and right sides, respectively) at a
heart rate of 120 beats/min; this rate was selected be-
cause the mean + SD heart rate among the study dogs
was 114.4 + 12.4 beats/min. The success of the TCP was
confirmed by the presence of spike impulses detected
via ECG, the continuous formation of pressure wave-
forms confirmed via aortic pressure measurements, and
left ventricular contraction detected via M-mode echo-
cardiography. To evaluate detrimental effects associated
with short- and long-duration TCP, serum concentra-
tions of cardiac biomarkers (cTnl and CK-MB) and ac-
tivities of AST, CK, and LDH were measured on the day
prior to TCP (baseline; day —1), immediately after TCP
(day 0),and at 1, 2, 3, 5, and 7 days after TCP.

Biochemical assays for cardiac cell damage—From
each dog, blood samples (2 mL each) were collected
via a jugular vein on day -1, on day 0 (immediately
after short- or long-duration TCP), and on days 1, 2, 3,
5, and 7. Samples were immediately placed in a serum
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Figure 1—Mean + SD serum concentrations of CK-MB (A) and cTnl (B) in 10 dogs before and after short- (1-hour; white diamonds; n =
5) or long (3-hour; gray squares; n = 5) duration TCP. Data were collected 1 day prior to TCP (day —1), immediately after TCP (day 0), and
at 1, 2, 3, 5, and 7 days after TCP. The horizontal line indicates the upper limit of the reference range for the variable. *At this time point,
the value differs significantly (P < 0.05) from the baseline value in the long-duration TCP group. tAt this time point, the value differs
significantly (P < 0.05) from the baseline value in the short-duration TCP group. $At this time point, the value in the short-duration TCP
group differs significantly (P < 0.05) from the value in the long-duration TCP group.
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separation tube' and centrifuged for the separation of
serum. All experiments were done with freshly collect-
ed samples. Serum activities of AST, CK, and LDH were
measured by use of an automated chemical analyzer.
Serum concentration of CK-MB was measured by use
of an automated enzyme immunoassay system.™ Serum
cTnl concentration was measured by use of a second-
generation cTnl assay.*!'*"

Statistical analysis—Statistical analysis was per-
formed by use of a 2-way ANOVA with treatment group
as a between-animal factor and time as a within-animal
repeated-measures factor to determine whether signifi-
cant differences existed in serum enzyme activities and
cardiac biomarker concentrations over time between
groups. When appropriate, a post hoc multiple com-
parison was applied between or within groups by use
of the Bonferroni correction to ensure an experimen-
tal error rate at oo < 0.05. Within- and between-group
comparisons were performed for the baseline values
(day -1) and for data at each subsequent time point,
respectively. Data for serum CK and LDH activities
were logarithmically transformed prior to analysis. All
statistical analyses were performed by use of statistical
computer software®; a value of P < 0.05 was considered
significant.

Results

Immediately after short- and long-duration TCP,
there was an approximately 3.5-fold increase in serum
CK-MB concentration, compared with the baseline val-
ues (Figure 1). At subsequent time points, serum CK-
MB concentrations in the dogs that underwent short-
and long-duration TCP were highly similar, although a
difference (albeit not significant) between groups was
detected at day 2. Compared with the respective base-
line value (ie, the marginal means of day -1), serum
concentrations of CK-MB in each group were increased
throughout the study period, although these changes
were significant only at days 0 and 1 in the short-dura-
tion TCP group and at days 0, 1, and 2 in the long-dura-
tion TCP group.

An approximately 7.3-fold increase in serum con-
centration of ¢Tnl was evident immediately after TCP
(day 0) in the long-duration TCP group, compared
with the baseline value; in the short-duration TCP
group, there was only a 1-fold increase (from baseline)
in this variable (Figure 1). In the long-duration TCP
group, serum cTnl concentration was significantly (P
< 0.05) increased from baseline at days 0, 1, and 2; by
day 3, values were within reference limits and did not
differ from baseline. From day 0 through day 2, serum
cTnl concentrations differed significantly (P < 0.05) be-
tween groups. Although serum cTnl concentration was
increased slightly at days 0 and 1 in the short-duration
TCP group, these values were not significantly differ-
ent from the baseline value and were within reference
limits.

In the long-duration TCP group, there was an 8.6-
fold increase in serum CK activity at day O, compared
with the baseline value (Figure 2). From day 0 through
day 3, CK activity in this group was significantly (P <
0.05) increased from baseline and values differed sig-

nificantly (P < 0.05) from values in the short-duration
TCP group. At days 5 and 7, serum CK activity in the
long-duration TCP group was within reference limits
and similar to the baseline value. In contrast, changes
in serum CK activity in the short-duration TCP group
were not significant at any time point, compared with
the baseline value, and values remained within refer-
ence limits throughout the study period.

In dogs that underwent long-duration TCP, serum
AST activity increased considerably from the base-
line value at day O; a peak value was detected at day 1
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Figure 2—Mean + SD serum activities of CK (A), AST (B), and
LDH (C) in 10 dogs before and after short- (1-hour; white dia-
monds; n = 5) or long- (3-hour; gray squares; 5) duration TCP. Data
were collected 1 day prior to TCP (day 1), immediately after TCP
(day 0), and at 1, 2, 3, 5, and 7 days after TCP. The horizontal line
indicates the upper limit of the reference range for the variable.
See Figure 1 for remainder of key.
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(Figure 2). In that group, AST activity was decreased
markedly (value not significantly different from base-
line) at day 2 and was within reference limits at days
3 through 7. In the short-duration TCP group, a slight
(albeit not significant) increase from baseline in serum
AST activity was detected only at day 0. With the excep-
tion of the mildly high value at day 0, serum AST activ-
ity was within reference limits at all other time points in
the short-duration TCP group. Between the 2 groups,
values differed significantly only at days 0 and 1.

In both the short- and long-duration TCP groups,
serum LDH activity was not increased significantly
from baseline at any time point (Figure 2). With re-
spect to the reference limits, values were mildly high
at days 2 and 3 in the long-duration TCP group; in the
short-duration TCP group, values remained within ref-
erence limits throughout the study period. Between the
2 groups, serum LDH activities differed significantly (P
< 0.05) only at days 2 and 3.

Discussion

The electrical energy applied during TCP has the
potential to induce myocardial injury. In 1 study® to
evaluate the risk of tissue damage associated with TCP,
cardiac tissue samples were collected for histologic ex-
amination from dogs that had undergone TCP (100
mA; 20-millisecond pulse duration; 80 stimuli/min) for
30 minutes. Pathologic lesions consistent with electri-
cally induced myocardial damage were detected in all
dogs. The lesions included myocardial pallor and focal
myofibril coagulation necrosis in the right ventricular
outflow tract and perivascular microinfarcts in the pos-
terior left ventricular myocardium; however, these le-
sions were not extensive, involving < 5% of the right
ventricular free wall and < 1% of the left posterior
ventricular wall.? Electrocardiography and measure-
ments of serum CK-MB concentration have also been
performed in dogs undergoing similar TCP procedures,
but major ECG abnormalities and increases in serum
CK-MB activity were not detected.’ In another study’ in
humans, myocardial injuries were assessed after TCP of
30 minutes’ duration and serum myoglobin and CK-MB
concentrations and CK and LDH activities were mea-
sured at intervals during a 24-hour period after TCP;
the procedure caused no significant changes in those
variables, compared with findings before TCP. Hence,
those researchers concluded that noninvasive TCP ap-
plied for a period of 30 minutes causes no muscular or
myocardial injury in humans.’

Creatine kinase-MB fraction is an enzyme in myo-
cardial cells that is released into the bloodstream as
the result of myocardial injury, such as in myocardial
infarction. Although some investigators who assessed
serum CK-MB concentrations as a means of evaluat-
ing myocardial injuries in dogs and humans found it
to be useful,> the popularity of such assessments for
detection of myocardial injuries in dogs is decreasing
because CK-MB is present in low concentrations in
the myocardium (4% to 15% of CK), concentrations
of serum CK-MB increase in association with chronic
renal diseases, and assessment of serum CK-MB con-
centration has low specificity and sensitivity for diag-
nosis of myocardial injury in the presence of skeletal

muscular injury (especially among large-breed dogs)."
However, a recent study* has revealed that multiple
marker analysis—assessments of serum concentrations
of CK-MB along with concentrations of myoglobin and
troponins—has good prognostic value for myocardial
injuries and could overcome the limitations of a single
marker (CK-MB) assay.

Cardiac troponin I is a cardiospecific biomarker,
and changes in circulating concentration of this protein
reflect various cardiac injuries. Assessment of serum
cTnl concentration is widely used for detection of acute
myocardial infarction in humans." Because the concen-
tration of ¢Tnl in heart muscle is 1,000 times as great as
that in the skeletal muscle, measurement of circulating
cTnl concentration can help differentiate myocardial
injuries from skeletal muscular injuries."" In humans
with acute myocardial infarction, the plasma concen-
tration of ¢Tnl increases at 2 to 3 hours, peaks at 20
to 24 hours, and markedly decreases at 48 hours af-
ter myocardial injury.'* In the present study, the serum
concentration of CK-MB was increased from baseline
in both groups at day O through day 7; however, the
changes were significant at days 0, 1, and 2 in the long-
duration TCP group and at days O and 1 in the short-
duration TCP group. The serum cTInl concentration
was markedly increased only in the long-duration TCP
group at days 0, 1, and 2. The pattern of increase in
circulating ¢Tnl concentration in the dogs in the long-
duration TCP group was similar to the pattern detected
in humans with acute myocardial infarction. Because
the organs injured by pacing current (energy) could
be major skeletal muscles and the myocardium, an in-
crease in circulating CK-MB might be indicative of both
skeletal and myocardial injuries; however, an increase
in circulating ¢Tnl concentration after TCP is perhaps
more specifically indicative of myocardial injuries. The
findings of the present study clearly suggest that long-
duration TCP can induce myocardial injuries and that
the severity of myocardial damage might be correlated
with the duration of TCP. Therefore, a reason for the
failure of other researchers to detect increases in cir-
culating concentrations of cardiac biomarkers (eg, CK-
MB and c¢Tnl) and enzyme activities (eg, CK and AST)
in dogs and humans in previous studies*” might be be-
cause the duration of TCP was short (30 minutes).

Assessments of serum AST, CK, and LDH are not
sensitive for detection of myocardial injuries because
activities of these enzymes can be increased as a re-
sult of any kind of muscular injury, including skele-
tal muscular injuries.”> No remarkable increases in
these enzyme activities following TCP in humans and
dogs have been observed in previous studies.*> Simi-
larly, activities of serum AST, CK, and LDH were not
remarkably increased in the dogs in the short-duration
(1-hour) TCP group in the present study. However,
considerable increases in those activities were detected
in the long-duration (3-hour) TCP group. The find-
ings of our study also suggest that the magnitude and
duration of the increases in serum AST, CK, and LDH
activities were directly linked to the duration of TCP,
as determined for the changes in serum concentrations
of cardiac biomarkers. Although the timing of the peak
value, magnitude of change, and duration of increase
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(from baseline) for each enzyme activity differed in our
study, this might be attributable to biological character-
istics of those enzymes.">-">

Although results of the present study clearly indi-
cated that TCP may induce myocardial and skeletal mus-
cular injuries depending on the duration of TCP, the in-
juries were not persistent; most values of serum enzyme
activity and cardiac biomarker concentration were within
reference range within 3 days after TCP. However, the
myocardium may be more severely affected as the dura-
tion of TCP increases because the concentration of ¢Tnl
increased significantly from baseline in the long-duration
TCP group, whereas the change was considerably less in
the short-duration TCP group. Therefore, careful monitor-
ing for myocardial injury is required for dogs that undergo
longer periods of TCP treatment in clinical situations.

We believe that the causes of the increases in serum
enzyme activities and cardiac biomarker concentrations
after TCP might not be entirely attributable to myocar-
dial and skeletal muscular injuries that are caused by
the continuous pacing energy applied during the treat-
ment. Preliminary studies performed by our group to
evaluate hemodynamic and ECG changes after TCP
revealed that there was profound reduction of blood
pressure after TCP because of isoflurane anesthesia and
loss of atrial kick (unpublished data). Inadequate blood
flow and low blood pressure in the preliminary study
population may have caused reduced perfusion of some
vascular beds, leading to mild myocardial and skeletal
muscular damages. Furthermore, increases in activities
of AST, CK, and LDH in circulation in the study dogs
might be associated with experimental protocol factors
unrelated to TCP, such as organ specificity or systemic
effects of diltiazem and restraint or immobilization, al-
though these effects have never been reported. There-
fore, evaluation of control dogs without TCP treatment
is required for the clarification for this issue. However,
it was almost impossible to ensure survival of control
dogs without cardiac pacing once profound bradycardia
or asystole had been induced. Although the difference
in methods for cardiac biomarker assays might have in-
fluenced the results or the present study, the likelihood
is thought to be low because serially diluted control
samples provided by the manufacturer were tested con-
currently with each assay for quality-control purposes.

With regard to the safety of TCP in dogs, the present
study revealed that serum cardiac biomarker concentra-
tions and enzyme activities increase markedly (albeit tran-
siently) after TCP of 3 hours’ duration, indicative of some
degree of TCP-induced myocardial injury. Therefore, it
appears that serum cardiac biomarker concentrations
and enzyme activities should be carefully monitored for a
week in dogs that undergo TCP for periods of > 1 hour to
evaluate potential myocardial damage.
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