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Abstract

Transcatheter radiofrequency current application in patients with cardiac arrhythmias was
reported to be associated with a low rate of an increase in the activity of enzyme creatine kinase (CK)
and CK-MB isoenzyme. As the novel heart-specific protein troponin T (¢TnT) was shown to be
superior to CK and CK-MB in detecting small damage to myocardial tissue in various clinical
situations including unstable angina, a comparison of the diagnostic efficiency of these marker
proteins to detect myocardial damage was made in 34 patients (mean age 38.3 + 15.6 years)
undergoing radiofrequency (RF) catheter ablation of accessory pathways (n = 17) and atrio-
ventricular nodal reentrant tachycardia (n = 17). Serial measurements of total CK and CK-MB
activity before and every 8 hours for 24 hours after ablative procedure were performed with
enzymatic and immunoinhibition method, respectively, using automated chemical analyzer
Hitachi 717. Serum concentration of ¢TnT was determined by one-step sandwich ELISA performed
on ES 300 analyzer (Boehringer Mannheim).

With a median of 7.0 (range 1-39) RF current pulses only 12 (35%) and 10 (29%) of 34
patients showed an increase above the upper limit of normal CK and CK-MB activity, respec-
tively. The peak activity of CK (mean peak = 285.8 £ 517.7 IU/L) occurred at a variable time that
infrequently coincided with those of peak CK-MB activity (23.1 + 8.0 IU/L). By contrast, all
except 4 (88%) of 34 patients exhibited a distinct elevation of ¢TnT concentration (mean peak =
0.56 £ 0.63 ng/ml), with almost all (33) of these 34 patients showed an early peak value at 8
hours postprocedural. There was, on the average, a small but distinct higher relative increase
(5.6 times) in cTnT concentration from the upper limit of reference range compared with those of
CK (1.5 times) and CK-MB peak activity (0.9 time).

In conclusion, cTnT exhibited a minor but distinst elevation in its concentration and
demonstrated a higher rate and magnitude of increase following radiofrequency current applica-
tion than the conventional CK and CK-MB isoenzyme. Measurements of ¢TnT serum concentra-
tion may thus provide a useful test method for assessing the effect of the new transcatheter
ablation procedures on myocardial tissue.
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Catheter ablation by radiofrequency cur-
rent is being increasingly used in the management
of various forms of cardiac arrhythmias and was
proposed to be the method of choice for the treat-
ment of arrhythmias complicating Wolff-Parkin-
son-White (WPW) syndrome and atrioventricular
nodal reentrant tachycardia (AVNRT)(1,2). Com-
pared with the conventional method using catheter
ablation with direct current (DC) shock which was
associated with a high rate of procedure-related
complications(1,3), this novel approach was re-
ported to have high success and low complication
rates and was also being offered in many pediatric
centers as first line therapy instead of long-term
antiarrhythmic medication(4-6),

In the past, non-invasive assessment of the
degree of myocardial cell necrosis induced by radio-
frequency energy using biochemical markers of
myocardial injury was almost exclusively the mea-
surement of the activity of enzyme creatine kinase
(CK) and CK-MB isoenzyme(7-10). Creatine kinase
usually showed, however, a low cardiospecificity
due to its presence in a significant amount in ske-
letal muscle and previous studies(7.9:10) have
reported a low rate of an increase in the activity of
both enzymes after radiofrequency ablative proce-
dure. The novel heart specific protein troponin T
(cTnT), on the other hand, was recently found to be
a sensitive marker of minor myocardial injury in a
significant number of patients with unstable angina
as well as in those undergoing percutaneous trans-
luminal coronary angioplasty(11-15)  Since the
degree of myocardial damage induced by radiofre-
quency current is usually minimal, the purpose of
this study was to investigate the diagnostic effi-
ciency of ¢TnT compared with CK and CK-MB to
detect small damage to myocardial tissue performed
on patients undergoing radiofrequency catheter
ablation of supraventricular tachycardia.

MATERIAL AND METHOD

The study population consisted of 34
patients undergoing radiofrequency (RF) catheter
ablation of cardiac arrhythmias. There were 14
male and 20 female patients with a mean age of
38.3 £ 15.6 years (Table 1).

Electrophysiologic study and ablation procedure

Procedures of the electrophysiologic study
and radiofrequency catheter ablation have been pre-
viously described(16). Briefly, the study was per-
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formed in a fasting state and under sedation. Qua-
dripolar electrode catheters (6 French) were inserted
percutaneously into the femoral vein and advanced
to the right ventricular apex, right atrium and across
the tricuspid valve for recording the local electro-
cardiogram of the right ventricle, right atrium and
His bundle. A 7 French octapolar electrode catheter
was inserted into the right internal jugular vein
advancing to the coronary sinus under fluoroscopic
guidance to record the coronary sinus electrocar-
diogram.

For the application of radiofrequency cur-
rent a 7 French quadripolar deflectable-tip catheter
with a 4 mm distal electrode and 2 or 5 mm inter-
electrode spacing was used. Radiofrequency cnergy
was typically applied with 20-40 watts of power for
20-60 seconds. We used the noninducibility, loss of
preexcitation pattern and disappearance of eccentric
activation as the criteria of success.

Laboratory analysis

Blood samples were drawn just before and
every 8 hours for 24 hours after the ablative pro-
cedure. Serum total CK activity was determined
within 1 hour by CK-NAC activated reagent at
37°C (the upper limit of normal is [95 TU/L) and
CK-MB activity (25 IU/L) was measured with the
same method after immunoinhibition of CK-M
subunit activity using fully-automated chemical
analyzer Hitachi 717.

Serum concentration of cardiac troponin
T (¢TnT) was determined by a newly available
second-generation ¢TnT assay which is based on a
single step sandwich principle with streptavidin
coated tubes as the solid phase and two monoclonal
antibodies directed against two different epitopes
on cTnT molecule and was performed on an auto-
mated immunoassay analyzer ES 300 (Boehringer
Mannheim). The cross-reactivity of ¢TnT with

Table 1. Patient characteristics.
Male : female ratio (n) 14:20
Mean age (year) 3834156
Age range (year) 12 - 68
Types of arrhythmias (n) :

Accessory pathways : 17

- WPW syndrome 9

- Concealed accessory pathway 8

Atrioventricular node reentry 17
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skeletal muscle TnT was reported to be < 0.3 per
cent(17). The upper limit of reference range for
¢TnT, as stated by the manufacturer, was 0.10 ng/ml.

The results are expressed as mean + stan-
dard deviation. Statistical analysis was performed
using analysis of variance and p < 0.05 was consi-
dered significant.

RESULTS

Radiofrequency (RF) catheter ablation was
successful in all patients with atrioventricular nodal
reentrant tachycardia and in all but one with acces-
sory pathways, resulting in an overall success rate
of 97 per cent. A median of 7 (range 1-39) RF cur-
rent pulses were applied per session at a mean
power of 27.3 + 7.3 watts delivered for a mean
duration of 38.9 + 9.2 seconds. Direct current
shocks eventually succeeded in interrupting 3 acces-
sory pathways.

Of the 34 patients who underwent RF
ablation 12 (35.3%) and 10 (29.4%) demonstrated an
increase in the activity of creatine kinase (CK) and
CK-MB fraction above the upper limit of normal of
195 TU/L and 25 TU/L, respectively. The peak acti-
vity of CK (mean peak activity = 285.8 + 517.7 IU/L,
Table 2) occurred at a different time during 24
hours after the ablative procedure and the time to
peak of CK infrequently coincided with that of CK-
MB peak activity (mean peak activity = 23.1 + 8.0
IU/L). An increase in the concentration of cardiac
troponin T (cTnT) above the upper limit of the
reference range of 0.10 ng/ml, on the other hand,
was observed in 30 of 34 patients (88.2%), with all

Table 2. Activity of CK and CK-MB and ¢TnT
concentration (SD) before and during 24
hours after RF ablation.

Baseline Peak Value at
value value 24 hours

CK (IU/L) 89.7 2858 275.6

(67.2) (5177 '(520.3)

CK-MB (1U/L) 13.4 23 1%4 18.4+

(5.0) (8.0) (8.8)
¢TnT (ng/ml) 0.009 0.563%# 0.275+%
(0.013) (0.633) (0.468)
*p < 0.0001,
+p=001,

i p =0.02 compared with baseline value
#p = 0.01 compared with value at 24 hours.
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except one of these patients showing a peak value
(mean peak concentration = 0.56 + 0.63 ng/ml) early
at 8 hours following the ablative procedure. In 19
of 22 patients and 20 of 24 patients with no in-
crease in CK and CK-MB activity, respectively, a
significant elevation of ¢TnT concentration was
observed. Of the 4 patients with no increase in
¢TnT value above the upper limit of normal. none
showed an increase in CK and CK-MB activity and
3 of these 4 patients demonstrated a distinct eleva-
tion of ¢TnT concentration from preprocedural
baseline value with a rising and falling pattern of
myocardial release (Fig. 1).
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Fig. 1. Typical pattern of ¢cTnT (/\) release in one
patient with no increase in CK (O) and CK-
MB (3) activity (A), compared with one
showing no increase above the upper limit of
normal (ULN) in all myocardial marker
proteins (B).
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There was, on the average, a small but
distinct relative increase (5.6 times) in ¢TnT con-
centration from the upper limit of the reference
range (Table 2) compared with those of CK (1.5
times) and CK-MB peak activity (0.9 time). In 25
of 30 patients (83.3%) with an increase in postpro-
cedural cTnT concentration the peak value was less
than 1.0 ng/ml which is indicative of minor myo-
cardial injury.

DISCUSSION

The test method used for assessing the
degree of myocardial damage and monitoring of
complications developed after radiofrequency (RF)
ablation procedure using serum biochemical markers
of myocardial injury was, in the past, almost exclu-
sively the measurement of the enzymes creatine
kinase (CK) and CK-MB activity(7-10), Creatine
kinase usually showed, however, a low specificity to
the heart muscle as a result of its presence in a sig-
nificant amount in tissues other than myocardium.
An increase in the activity of CK to > 5 times the
upper limit of normal was reported after skeletal
muscle injury induced by intramuscular injections
of certain drugs(18.:19), as well as following direct
current (DC) cardioversion(zovzl), which In some
cases also resulted in a significant elevation of CK-
MB activity(22,23) As in our study an increase in
CK activity (with or without increased CK-MB acti-
vity) was observed in 3 of 5 patients receiving in-
tramuscular injections during sedation and in all 3
patients, in whom DC cardioversion for interruption
of arrhythmias after ablative procedure was per-
formed, the overall frequency of an postprocedural
increase in CK and CK-MB activity of about one
third of 34 patients may be overestimated and may
not truly reflect the effect of RF energy alone. We
have also observed increased CK-MB activity in 5
of 6 blood specimens with in vitro hemolysis,
which, as reported by others(24), seems to be a fre-
quent problem in general laboratory practice. Car-
diac troponin T (cTnT), on the other hand, was
shown not to be associated with an increase in its
concentration after skeletal muscle injury from
various etiologies(25,.26), and slight to moderate
degree of hemolysis did not cause interference with
the measurement of this marker protein(27). As has
been recently reported(17), the newly developed
second generation ¢TnT immunoassay used in our
study showed a substantial improvement in terms
of cardiospecificity compared with the first genera-
tion assay.
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Previous studies on patients undergoing
catheter ablation of cardiac arrhythmias have used
direct current (DC) shocks as energy source. This
approach requires, however, general anesthesia and
usually generates large amounts of heat and energy
as well as considerable local barotrauma, which
may result in a variety of potentially serious com-
plications including cardiac perforation and tam-
ponade(1.3). A high magnitude of an increase in the
activity of CK and CK-MB after DC catheter abla-
tion was, therefore, a constant finding in these
trials(28,29). Catheter ablation with RF energy, on
the other hand, is being increasingly used in the
management of various forms of cardiac arrhyth-
mias, particularily in those of accessory pathways
and atrtoventricular nodal reentrant tachycardia as
a result of its high success and low complication
rates. This novel approach performed on paticnts
with these types of supraventricular tachycardia was
reported, however, to be associated either with no
increase in CK activity(7) or with a low rate (10-
15%) and low magnitude of increase in CK and CK-
MB activity(9:10). The rate of an increase in these
enzymes found in our study of around 30 per cent
1s somewhat higher, but may be overestimated
because of concomitant skeletal muscle injury (in
the case of CK) and methodological interference
(in the case of CK-MB) described above. Never-
theless, this low sensitivity of CK and CK-MB in
detecting myocardial damage is surprising by the
fact that multiple RF lesions per sesston are usually
administrated and because experimental studies
have shown that RF energy typically produced
small but well-circumscribed areas of coagulation
necrosis in the myocardium(l). One possible
explanation of this finding came from the study of
Haines et al(3.30) on the effect of RF ablation on
myocardial CK activity in a porcine model. They
found CK activity within a RF lesion to be only 29
per cent of control and concluded that measurement
of serum CK activity after RF ablation is not an
accurate marker of myocardial injury because of
thermal-mediated inactivation of the enzyme by RF
energy.

To the best of our knowledge, there have
been thus far 2 trials investigating the frequency
and magnitude of an increase in ¢TnT concentra-
tion compared with CK and CK-MB activity fol-
lowing RF ablation procedure. Muller-Bardorff
et al(31) reported an elevation of ¢TnT levels in all
25 patients undergoing RF ablation compared with
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60 per cent of patients with increased CK activity.
The relative increase was 6.5 fold the discrimina-
tive value for c¢TnT and only 1.5 fold the upper
limit of normal for CK. In a more recent study by
Shyu et al(32) performed on 16 patients with supra-
ventricular tachycardia, however, the frequency of
elevated ¢TnT of 31 per cent was not different
from those of CK (37%) and CK-MB activity (25%).
Our results of 35 per cent and 29 per cent of in-
creased CK and CK-MB activity, respectively,
obtained from 34 patients with accessory pathways
and atrioventricular nodal reentrant tachycardia
are in accordance with those from Shyu et al, but
the frequency of increased ¢TnT concentration
found in our 30 patients (88%) was closer to those
reported by Muller-Bardorff et al(31). We have at
present no explanation for these differences but the
mean peak c¢TnT level reported by Shyu et al(32)
of 0.44 + 0.47 ng/ml was comparable to that found
in our study (0.56 + 0.63 ng/ml). Furthermore, the
magnitude of an increase of ¢TnT found in our
and in 2 studies mentioned above(31.32) indicated
that, successful application of RF current is asso-
ciated with a small but distinct elevation of ¢TnT
concentration indicative of minor myocardial
injury. Even in the 4 patients in the present study
with no increase in ¢TnT concentration above the
reference range, 3 demonstrated a rise and fall in
its concentration which pointed to a small release
of this myocardial marker protein (Fig 1B). The
results from our study also showed that determi-
nation of ¢TnT concentration is a more sensitive
method in detecting minor myocardial damage
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induced by RF energy than the activity measure-
ment of CK and CK-MB. This increased sensitivity
of ¢TnT may be explained by the fact that its con-
centration in the myocardial tissue i1s higher than
that of CK-MB(33) and that RF energy may partially
inactivate the activity of enzymes(3.30). Whether
the mass measurement of CK-MB (CK-MB mass)
will provide a more useful test in detecting myo-
cardial damage than the activity measurement of
CK-MB remains to be determined in further
studies.

SUMMARY

The present study evaluated the effective-
ness of cardiac troponin T (¢TnT) compared with the
enzyme creatine kinase (CK) and CK-MB isoenzyme
in detecting myocardial damage performed on 34
patients undergoing radiofrequency catheter abla-
tion of accessory pathways and atrioventricular
nodal reentrant tachycardia. Our results showed
that ¢TnT has a higher rate of increase {ollowing
application of radiofrequency energy than the con-
ventional CK and CK-MB. In addition. postproce-
dural ¢TnT levels demonstrated a higher magnitude
of increase compared with the activity of enzymes.
Determinations of ¢TnT serum concentration may
thus provide a useful test for assessing the fre-
quency and degree of myocardial damage induced
by the novel transcatheter ablation technology.
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