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Factors underlying elevated troponin | levels following pacemaker
primo-implantation

Tomas Hnatek®®, Milos Taborsky®, Martin Maly?, Libor Kamenik?, Simona Littnerova:, Pavel Sedlon?, Jana Luxova?,
Marta Fiserova®, Lenka Pospisilova’, Sarka Hamouzova?, Josef Danek?, Miroslav Zavoral®

Background. Cardiac troponins are routinely used as markers of myocardial damage. Originally, they were only in-
tended for use in diagnosing acute coronary syndromes; however, we now know that raised serum troponin levels
are not always caused by ischemia. There are many other clinical conditions that cause damage to cardiomyocytes,
leading to raised levels of troponin. However, the specificity of cardiac troponins towards the myocardium is absolute.
Our work focuses on mechanical damage to the myocardium and on monitoring the factors that raise the levels of
cardiospecific markers after primo-implantation of a pacemaker with an actively fixed electrode.

Aims. (i) To determine whether the use of a primo-implanted pacemaker with an electrode system with active fixation
will raise troponin levels over baseline. (ii) To assess whether troponin | elevation is dependent on procedure complexity.
Methods. We enrolled 219 consecutive patients indicated for pacemaker primo-implantation; cardiospecific marker
values (troponin I, CKMB, myoglobin) were determined before the implantation procedure and again at 6- and 18-h
intervals after the procedure. We monitored duration of cardiac skiascopy, number of attempts to place the electrode
(active penetration into the tissue) and intervention range (single-chamber versus dual-chamber pacing), and we as-
sessed the clinical data.

Results. The average age of the enrolled patients was 78.2 + 8.0 years (median age, 80 years); women constituted
45% of the group. We implanted 128 dual-chamber and 91 single-chamber devices with an average skiascopic time
of 38.6 + 22.0 s (median, 33.5 s). Troponin | serum levels increased from an initial 0.03 £+ 0.07 pg/L (median, 0.01) to
0.18 + 0.17 pg/L (median, 0.13) and 0.09 + 0.18 pg/L (median, 0.04) at 6 and 18 h, respectively. The differences were
statistically significant (P < 0.001 or P < 0.001). We confirmed a correlation between troponin increase and duration of
skiascopy (P < 0.001). We also demonstrated a correlation between increased troponin | and number of attempts to
place a pacemaker electrode (penetration into the tissue) at 6 h (P < 0.001) post-implantation.

Conclusion. We detected slightly elevated troponin | levels in patients with primo-implanted pacemakers using elec-
trodes with active fixation. We demonstrated a direct correlation between myocardial damage (number of electrode
penetrations into the myocardium) and troponin | elevation, as well as between complexity (severity) of the implanta-
tion procedure (indicated by prolonged skiascopy) and raised troponin I. The described phenomenon demonstrates
the loss of the diagnostic role of troponin | early after pacemaker primo-implantation in patients with concomitant
chest pain.
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INTRODUCTION interpretation of troponin elevation has grown as detec-
tion methods have increased in sensitivity.
Cardiac troponins are structural proteins in cardiac Myofibrils, as the basic building blocks of muscles,

myofibrils that were first described by Ebasi and Kodama  consist of thick myosin and thin actin fibres. Mutual in-
in 1965 (Hartshorne!). The structure of the troponin-  teractions between these structures coordinated by myosin
tropomyosin complex has been discovered gradually, heads in combination with energy support leads to the
together with advancements in electron microscopy tech-  complex mechanism of cardiac contraction®.

niques. Initially, troponins were studied to clarify under- Approximately 92% of troponin is found bound to
standing of the contraction and relaxation of cardiac  cardiac myofibrils, whereas only ~8% is found within
muscle. Since the 1990s, they have been used as markers  cardiac myocyte cytoplasms in soluble form. The patho-
of myocardial damage, and the need for proper clinical logical effects associated with injury to cardiomyocytes
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generally result in damage to cell wall integrity, leading
to the fast release of soluble troponin, which is reflected
by a rapid increase in serum troponin levels. This is fol-
lowed by several hours or days during which myofibrils
are gradually proteolytically degraded. In particular, the
central, acidic portion of the fast troponin isoform, which
is comprised of epitopes that are recognized by antibod-
ies included in diagnostic kits*, is gradually released from
the necrotic portion of the myocardium, explaining its
long persistence in serum®’. The actual mechanism of
troponin release from cardiomyocytes depends on the
mechanism of injury. The most typical mechanism is
ischemia, which can be modified by many factors, such
as pre-conditioning?®, post-conditioning®'°, length of isch-
emic insult, and rate of coronary obturation. Ischemia
triggers the apoptotic cascade', leading to the presence
of detectable troponin fragments in apoptotic bodies'?.
Ischemia also initiates the release of troponin fragments
from so-called “myocardial blebs” (ref.!**), which are
sarcolemmal evaginations'. The development of myo-
cardial blebs may not necessarily result in cell death. It
is still disputed whether detectable troponin levels in the
serum automatically indicate a loss of myocardial mass*'>
7. Mechanisms of troponin release from cardiomyocytes
may be further associated with the toxic effects of vari-
ous substances on the myocardium, i.e., sepsis'®?* or the
administration of “cardiotoxic chemotherapy” (ref.*%),
although some authors challenge this?. “Catecholamine
overload” (ref.?”?) or direct mechanical damage’** dur-
ing skiascopy of the heart (during pacemaker implanta-
tion) can be a marker of procedure complexity and may
positively correlate with troponin levels®!. Left ventricu-
lar failure*, right ventricular failure**, or the disparity
between physiological degradation of the myocardium
and insufficient elimination of its fragments (renal insuf-
ficiency) (ref.*+*¢) also lead to slight elevations in serum
troponin.

AIMS

(i) To assess the degree of elevation of cardiospecific
markers (troponin I, CKMB, myoglobin) in the serum
after pacemaker primo-implantation using an electrode
system with active fixation in patients with single-cham-
ber and dual-chamber pacing. This serves as a model of
direct cardiomyocyte destruction by a fixation system.
Additionally, to delineate the dependency between the
elevation of cardiospecific markers and other interven-
tion factors, such as duration of skiascopy, number of
stimulation electrode penetrations into the tissue, and
clinical data.

(ii) To determine the incidence of input-positive find-
ings of troponin I in patients indicated for permanent pac-
ing and coronary angiography and what factors influence
this phenomenon.

(iii) To evaluate whether duration of skiascopy in a
performed intervention is directly proportional to in-
creases in troponin I after pacemaker primo-implantation.
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Fig. 1. Troponin-tropomyosin complex.According to Kittnar
Otomar. Lékarska fyziologie. 1st edition. Praha: Grada; 2011.
p. 92; adapted by Eva Silerova (ref.>2).

METHODS

In total, our group included 219 patients indicated
for pacemaker primo-implantation. These were consecu-
tive patients registered at the Department of Medicine
(Cardiology), 1* Faculty of Medicine, Charles University
in Prague, Military University Hospital in Prague.

Indicating diagnoses were based on the Recommen-
dations of the Czech Society of Cardiology on cardiac
pacing and resynchronization therapy, 2012 (ref.*’).

Table 1. Indicating diagnoses.

sick sinus syndrome

sick sinus syndrome + AV block
sinus rhythm + AV block

atrial fibrillation + AV block

93 patients

8 patients
4] patients
77 patients

Exclusion criteria: Previously underwent temporary
pacing, poor condition after cardiopulmonary resuscita-
tion, on-going acute coronary syndrome, on-going sepsis
or other pathological condition that induces increased
levels of troponin. Values of cardiospecific markers in
serum were determined using commercially available kits
from the following manufacturers: Troponin I (Abbott®),
CKMB (Olympus®), and myoglobin (Olympus®). Blood
samples from each patient were analysed immediately
after collection at the Department of Biochemistry,
Haematology and Blood Transfusion in the Central
Military Hospital. Troponin I levels were determined us-
ing an ARCHITECT analyser with a STAT Troponin I kit
(both analyser and kit were manufactured by Abbott®).
The detection limit for the kit is 0.01 ug/L, with a range
of 0.017-50.0 pg/L (the samples were diluted as neces-
sary). The 99" percentile was 0.06 ug/L. CK-MB enzyme
levels were measured using an Aeroset analyser (Abbott®)
with a CK-MB test kit (Olympus®; OSR6153). The de-
tection limit for the kit is 0.017 ukat/L, with a range of
0.017-33.3 ukat/L. The 99™ percentile was 1.00 ukat/L.
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Myoglobin levels were determined using an Aeroset analy-
ser (Abbott®) with a myoglobin detection kit (Olympus®;
OSR6168). The detection limit of the kit is 3.14 ug/L,
with a range of 3.14-20,000 ug/L. The 99" percentile
was 65.0 ug/L. Samples were taken prior to primo-im-
plantation and at 6 and 18 h after the intervention. We
monitored duration of skiascopy as a marker of proce-
dure complexity, as well as number of attempts to place
the electrode (considering active fixation in the tissue
as a sinkhole). Another factor of consideration was the
extent of implantation procedure (dual-chamber vs. single-
chamber pacing). The implantation procedure was per-
formed in an implantation room using sterile safeguards
under skiascopic control. A OEC 9900 device with a
rotary C-arm (GE-Healthcare®) was used with a pulse
mode of 4 frames/sec. Measured skiascopic time was
converted by software into continuous X-ray radiation.
We implanted devices from the manufacturers Boston-
Scientific® (Guidant®) and Biotronik®; however, the im-
planted electrodes were mainly from Biotronik® (Siello,
Setrox, Safio; Safio electrode is MRI-compatible), while
the other electrodes were Flextend 2 (Boston-Scientific®)
and Capsurefix (Medtronic®).

The control group consisted of 100 consecutive pa-
tients indicated for elective coronary angiography; in
this group, only troponin I levels were determined. Data
were collected prospectively from patients hospitalized
at the Department of Internal Medicine (Cardiology),
1t Faculty of Medicine, Charles University in Prague,
Military University Hospital in Prague.

Each of the enrolled patients signed an informed con-
sent, and the project was approved by the local ethics
committee.

Standard descriptive statistics was applied in the analy-
sis: absolute and relative frequencies for categorical vari-
ables and mean supplemented by standard deviation nad
median for continuous variables. Because the assumption
of normal distribution was violated for most parameters
(Shapiro-Wilk’s test), nonparametric analyses were per-
formed. Statistical significance of differences between
groups of patients was computed x? test for categorical
variables and Mann-Whitney test for continuous variables.
The differences of variables in time were tested by paired
Wilcoxon test.The Sperman correlation coefficient was
used to verify the relationship between studied variables.
The level of statistical significance was set at a = 0.05.

STATISTICA, Stat.Soft, Inc (2013) version 12 was ad-
opted for data analysis.
RESULTS

The following table details the characteristics of the
study group, including risk factors.

Table 2. Clinical characteristic.

Mean + SD (median)/%

78.2 £ 8.0 (80)
45
128 dual-chamber,
91 single-chamber
38.6 +22.0 (33.5)

Average age
Percentage of women
Implanted devices

Average skiascopic time (s)

Hypertension 82
Diabetes 26
Dyslipidaemia 30
ICHS 32
Heart failure 15
Stroke 12

The average age of the study group corresponds to the
average age of patients implanted in the Czech Republic;
the proportion of women in the group also corresponded
to that of implant patients (REPACE register 2010; ref.*®).
Compared to published data, the average duration of ski-
ascopy was short. This may have resulted from the meth-
odology used: a pulse mode of 4 frames/s was applied to
all patients, and the time was converted by software into
a continuum.

The enrolled patients were quite polymorbid. Their
risk factors corresponded to the incidence of risk fac-
tors in the population of comparable age***. In the whole
group, the mean baseline value of troponin I was 0.03
+ 0.07 (median is 0.01) ug/L, i.e., normal. As indicated
in Table 3, the entire study group showed a significant
increase in troponin I 6 h after pacemaker primo-implan-
tation, followed by a gradual decline through 18 h after
primo-implantation. This decline, however, was still not
within a normal value range. The difference was also sta-
tistically significant compared to baseline levels of tro-
ponin I prior to implantation. For CKMB, the recorded
baseline was 0.45 £ 0.43 (0.33) ukat/L, and at both 6 and

Table 3. Cardiospecific markers.

Entire patient cohort

Troponin I levels

(normal range:

0-0.06 ug/L

Mean £ SD (median)

)

CKMB Ilevels Myoglobin levels
(normal range: (normal range:
0-1.0 ukat/L) 28-72 ug/L)

Mean + SD (median) Mean + SD (median)

Before primo-implantation
6 h after primo-implantation
18 h after primo-implantation

0.18+0.17 (0.1

0.03+0.07 (0.01)

3)

0.09+0.18 (0.04)

0.45+0.43 (0.33)
0.39+0.46 (0.31)
0.32+0.43 (0.27)

108.1£59.5 (96.0)
112.1£76.8 (96.4)
99.3+60.6 (92.1)

P (before primo-implantation vs. 6 h 1% line against 2" Jine

after primo-implantation; Wilcoxon test) P <0.001 P=0.001 P=NS
P (6 h after primo-implantation vs. 18 h 2" Jine against 3 Jine

after primo-implantation; Wilcoxon test) P <0.001 P <0.001 P <0.001
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Table 4. Skiascopy.

Parameter VVI(R) n=91 DDD(R) n=128 P
Mean + SD (median) Mean £ SD (median) (Mann-Whitney U test)
SKIA time (S.) 29.6+18.6 (23.4) 45.2 £22.1 (39.0) <0.001

18 h after primo-implantation, we observed a statistically
significant decline. Myoglobin values before implantation
and at 6 and 18 hours after implantation were slightly
elevated compared to baseline; however, the differences
were not statistically significant.

Subsequently, we studied a group of 91 patients who
were implanted with single-chamber systems (VVI) and
a group of 128 patients who were implanted with dual-
chamber systems (DDD). The single-chamber group re-
quired a significantly shorter average skiascopy duration.

We further found that serum levels of troponin I prior
to primo-implantation of the single-chamber system dif-
fered significantly from those prior to primo-implantation
of the dual-chamber system (P = 0.027, Mann-Whitney
test): they statistically significantly increased by 6 h
after primo-implantation in the group receiving dual-
chamber pacing versus that receiving single-chamber
pacing. A gradual decline followed by 18 h after primo-
implantation.

In the entire study group of 219 patients, positive tro-
ponin I before pacing was detected in 15 patients (6.8%).
Of the entire patient cohort, 46 patients suffered from re-
nal insufficiency. Only 5 patients with renal insufficiency
showed input troponin positivity. The other 10 patients
with input troponin positivity had normal creatinine lev-
els, and the difference was not significant (P = 0.25, x2
test). Renal insufficiency was defined as serum creatinine
level >110 umol/L in women and >125 umol/L in men.
Interestingly, a statistically significantly higher level of
troponin I was found in patients with single-chamber pac-
ing. After a subanalysis of this group, comprised of 91
patients, we found that 79 patients had an input rhythm of

atrial fibrillation, whereas 12 patients had sinus rhythm.
In the group with dual-chamber pacing, 1 patient had par-
oxysmal atrial fibrillation, while the other 127 patients
had sinus rhythm. In comparing the troponin levels of the
group of patients with atrial fibrillation (n = 80) and the
group with sinus rhythm (n = 139), we find the following:

In the group of patients with atrial fibrillation who
were indicated for pacemaker primo-implantation, the
level of troponin I was higher than in the group with
sinus rhythm. However, the average value in the group
with atrial fibrillation did not exceed the 99 percentile
of the population incidence of serum levels of troponin I.
Compared to the group with sinus rhythm, the difference
was statistically significant based on the Mann-Whitney
U test. When assessing both groups with regard to the
number of patients with positive troponin I levels (i.e.,
values greater than the 99" percentile of the incidence of
serum levels in the population), we identified 7 positive
patients (8.8%) in the group with input rhythm of atrial
fibrillation and 8 positive patients (5.8%) in the group
with preserved sinus rhythm. This difference did not reach
statistical significance (P = 0.25, x? test).

We demonstrated a statistically significant correlation
between increased troponin level after primo-implantation
and increased skiascopic time (Spearman correlation co-
efficient = 0.39; P < 0.001 and 0.37; P < 0.001 after 6
or 18 h). See Fig. 2 and 3.

A pacing electrode is not always placed at the first
attempt. Sometimes, it is necessary to make several at-
tempts to place it into the tissue (sinkholes of the fixation
system into the myocardium), whereas the electrode must

Table 5. Pacing type.

P
Pacing type: VVI(R) n=91 Pacing type: DDD(R) n=128 .
Paramer Mean + SD (median) Mean + SD (median) (Marglzgl)ltney
Tn I (ug/L) before implantation 0.03+ 0.10 (0.01) 0.02 +0.05 (0.01) P=0.027
Tn I (ug/L) 6 h after implantation 0.12 £ 0.11 (0.08) 0.23+0.20 (0.16) P<0.001
Tn I (ug/L) 18 h after implantation 0.08+0.25 (0.04) 0.10£0.11 (0.07) P<0.001

P (before implantation vs. 6 h

1* line against 2" line

1% line against 2 line

after implantation; Wilcoxon test) P<0.001 P<0.001
P (6 hours after implantation vs. 18 hours 2" line against 3™ line 2" line against 3" line
after implantation; Wilcoxon test) P<0.001 P<0.001
Table 6. Rhythm.

Troponin I level (ug/L) . Number of positive
Rhythm n mean + SD Median (ug/L) Tn I values (%)
Atrial fibrillation 80 0.03+0.10 0.01 7(8.8)
Sinus rhythm 139 0.02+0.05 0.01 8(5.8)
P P =0.01 Mann-Whitney U test P=0.25 x2 test
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be repeatedly released. Therefore, the risk of myocardial
injury increases.

In our group, the number of performed fixations was
low, as we typically managed to place the electrode in the
first attempt. See Fig. 4.

After 6 h, we found higher levels of troponin I in the
group of patients who underwent more than 1 fixation
in myocardial tissue compared to the patients in whom
fixation occurred at the first attempt (P < 0.001). After
18 h, the difference was not statistically significant (P
= 0.09; Mann-Whitney U test). We defined a group of
100 patients scheduled for elective coronary angiography
as a control group. Positive troponin was detected in 10
patients (10%); the average value was 0.05+0.17 g/L, and
the median was 0.01 pg/L. In the control group, renal
insufficiency occurred in 5 patients (5%). Of the entire
studied group of 219 patients, there were 159 findings of
positive troponin I by 6 h after the implantation procedure
(73%). Positivity persisted even 18 h post-implantation, at
which point we detected 86 positive results (39%). A total
of 83 positive samples were taken from patients whose
troponin I levels were already elevated after 6 h; 3 posi-
tive samples were from patients whose troponin I levels
were initially negative after 6 h. Of the whole group of
219 patients, as mentioned above, positive troponin I at
input was observed in 15 patients. In one patient, 6 h after
primo-implantation, we observed a decline of troponin to
within a normal range, and this decline continued even
after 18 h. In the remaining 14 patients, the values of tro-
ponin I increased by 6 h after implantation; this increase
persisted in 11 of the patients even after 18 h.

DISCUSSION

In an uncomplicated primo-implantation of a pace-
maker with an actively fixed electrode system, purely me-
chanical damage occurs to the portion of the myocardium
subjected to the procedure, including the destruction of a
small number of cardiomyocytes and subsequent troponin
leakage into the serum. In the current work, we demon-
strated a slight elevation in troponin I levels already at
input in 15 patients out of the entire cohort (6.8%; n =
219). Subsequently, after performing the primo-implanta-
tion procedure, troponin I levels increased; this was more
predictable in the group with dual-chamber pacing. In
the case of dual-chamber pacing, two electrodes must be
inserted, leading to myocardial “wounding” in two places,
although the atrial channel implantation is associated
with the atrial myocardium. In a study by Martignani,
who monitored troponin levels in a group of 70 patients
after pacemaker primo-implantation, no significant eleva-
tions were found following implantations of atrial elec-
trodes. This result was explained by the reduced content
of muscle tissue in the right atrium?®. Martignani further
observed increased troponin I levels in 1/3 of the patients
after primo-implantation. The majority of the patients had
actively fixed pacing electrodes, and the elevated troponin
levels stabilized after 12 h and returned to normal levels
after 24 h. In a study published by Boos et al.*!, after the
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introduction of permanent pacing in 76 patients, positive
troponin I levels were found in 21% of the cohort. In our
group, we found positive troponin I levels in 73% of pa-
tients 6 h after the procedure (159 of 219) and in 39% of
patients 18 h after the procedure (86 of 219). The values
of input positivity for troponin I were not listed in the
studies by Martignani*® and Boos?'; we found this positiv-
ity in 6.8% of patients. This apparent contradiction can
be explained by the use of different diagnostic kits for the
detection of troponin I. Kits from different manufacturers
are calibrated quite differently, particularly with regard to
detection limits and 99th percentile values. The variation
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coefficient should not vary considerably (<10%) with the
use of any diagnostic kit*.

The high rate of positive troponin I following pace-
maker primo-implantation in our group can be explained
by the application of active fixation to 100% of our patient
cohort. Active fixation was not used in the two studies
cited above. In the study by Boos, it was even an exclu-
sion criterion (this work was published in 2002, when
active fixation was only starting to become a regular part
of clinical practice).

In direct mechanical myocardial injuries, compared
to ischemic injuries, we found troponin I levels to peak
slightly faster; these normalized within 24 h of the proce-
dure®. A similar rate for the onset of troponin I elevation
was described by Altin*? after monitoring 30 patients sub-
jected to implantations of different types of pacemakers.
In a study by Sbarouni®, the possibility of myocardial
injury during the introduction of passive electrodes was
demonstrated. This work evaluated a group of 64 patients
and found that after primo-implantation of various devic-
es, both troponin I levels and ischemia-modified albumin
(IMA) levels were elevated. According to the author, myo-
cardial damage can be caused in response to the induction
of even a very small amount of necrosis from the tip of
the electrode.

In a study by Davoodi*, troponin T levels were com-
pared between patients undergoing pacemaker versus ICD
primo-implantations. The group of patients undergoing
ICD implantations had higher levels of troponin T. In this
case, the aetiology of this phenomenon is polyfactorial.
Several studies have attributed serum troponin positivity
to the combined use of defibrillation electrode fixation
and application of defibrillation discharges in patients
with primo-implanted ICDs (ref.*®). In a study by Hurst
that evaluated 49 patients after ICD implantation, tropo-
nin I elevation occurred in only 14% of patients, whereas
troponin levels were positively correlated with the ap-
plied energy during the test discharge as well as with the
duration of ventricular tachycardia during ICD testing.
However, this study was also relatively small, and indi-
vidual risk factors related to the studied phenomenon ap-
peared sporadically. In a study by Dworschak?®, elevated
troponin T levels were found after the implantation of de-
fibrillation electrodes in 27 patients. Troponin levels were
higher when systems with active fixation were implanted,
and the levels did not correlate with test discharge en-
ergy. There was a positive correlation between troponin
T level and length of implantation procedure (in this case,
skiascopic time was not used as a marker of procedure
complexity). In a study by Schluter’, 14 patients with
indications for ICD implantation were evaluated. Levels
of troponin T, troponin I, and CKMB were determined.
After implantation, the levels of these markers were el-
evated in patients who received at least 2 discharges, and
an early rise in all of the markers was observed. In ICD
implantations, test discharges are always applied. The du-
ration of ventricular tachycardia is generally short. It may
vary according to the defibrillator detection scheme, but
only on the order of seconds, and therefore does not cause
troponin elevation.
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In a 2015 study published by Furniss?®, increased
levels of troponin T in patients undergoing simple ICD
implantations both with and without discharge therapy
were observed. There were no differences in troponin T
elevation between the two groups and no differences in
the dependence on total energy applied during test dis-
charge. Although this study was small (the two groups
were comprised of 11 and 13 patients who underwent
only 2 troponin samplings, including input sampling and
a sampling 6-8 h after ICD primo-implantation), it dem-
onstrated a positive correlation between number of ac-
tive fixations into myocardial tissue (deployments) and
troponin levels, analogous to our group of 219 patients.
All of the above-referenced works suffered the limitation
of a relatively small number of enrolled patients, which
weakens the statistical significance of their conclusions.
Nevertheless, troponin positivity has been found in stud-
ies on implanted pacemakers and therefore we can ex-
trapolate that the same applies to patients with ICDs.
Furthermore, we speculate that troponin levels may
slightly increase in response to the use of test discharges
during ICD primo-implantations.

The above-referenced studies describing elevated
troponin levels following primo-implantation of pacing/
defibrillation electrodes with active fixation also demon-
strated that troponin levels peak rapidly following these
procedures. We confirmed this phenomenon in the pres-
ent work. This can generally be explained by the rapid re-
lease of soluble troponin following cardiomyocyte injury*.
Interindividually, the rate of troponin release from injured
myocardium is modified by lymphatic cardiac drainage ca-
pacity when troponin enters the capillary network. After
the lymphatic system fills, troponin ultimately flows into
the venous system via the ductus thoracicus*.

Regarding the other evaluated markers, the results
were inconclusive. When evaluating CKMB levels, sig-
nificant decreases of 0.06 and 0.07 ukat/L were noted at 6
and 18 h after primo-implantation, respectively. These de-
creases do not represent clinically important differences,
although they are statistically significant.

A well-known study by Nikolaou** found changes
in CKMB levels that were statistically insignificant. In
contrast, a study by Sbarouni described a statistically
significant increase in CKMB after pacemaker primo-
implantation. Currently, however, the use of CKMB as a
marker of ischemic myocardial damage has been largely
abandoned. Current guidelines® do not recommend us-
ing CKMB levels to diagnose acute coronary syndrome;
rather, they are only recommended for the early detection
of myocardial reinfarction. Therefore, further studies on
this phenomenon have no clinical significance.

In our group of 219 patients, myoglobin levels at 6 and
18 h after implantation varied insignificantly. A similar
conclusion was made following pacemaker primo-im-
plantation in the above-mentioned study by Nikolaou®.
However, the clinical significance of myoglobin is even
less than that of CKMB, and myoglobin is no longer used
for the diagnosis of acute coronary syndrome. Myoglobin,
analogous to CK, is important for diagnosing lesions in
striated muscle (e.g., in rhabdomyolysis).
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A serious comorbidity affecting the clinical condi-
tion of implant patients is atrial fibrillation, which poses
a thromboembolic risk and is correlated with a higher
incidence of positive serum troponin. In a subanalysis
of the ARISTOTLE study, a 9.2% incidence of elevated
high sensitive troponin I was found in a group of 14 821
patients. In this analysis, troponin elevation was associ-
ated with a worse prognosis and related to a statistically
significantly greater incidence of CMP (ref.’?). In a 2012
study by Roldan*, troponin T positivity was found in 31%
of 930 patients with atrial fibrillation. Roldan’s work also
indicated that troponin T serves as a marker of worse
prognosis (combined objective of cardiovascular events).
In this study, a greater predictive value was provided fol-
lowing the combined evaluation of troponin T and in-
terleukin 6 (IL6) (ref.’®). The combination of these two
variables is logical and demonstrates the unsurprising
presence of systemic inflammatory responses and high
morbidity in patients with atrial fibrillation. In this case,
atrial fibrillation represents a secondary manifestation
of another commonly encountered disease (sepsis, heart
failure, etc.) (ref.>*%%). However, why “endothelium-stable”
patients with atrial fibrillation have higher levels of tropo-
nin has not been reasonably explained.

Positive troponin is often found in patients with renal
insufficiency. The aetiopathogenesis of this phenomenon
is still unclear, despite that low levels of troponin have
been repeatedly described in patients with chronic renal
insufficiency*. The original theory of decreased troponin
clearance in patients with renal failure does not seem to
be well founded, as the troponin molecule is quite large.
However, it is not possible to exclude decreased clear-
ance of troponin fragments (8-25 kDa), which are sub-
sequently detected in the serum®. In patients with renal
insufficiency, troponin T occurs much more frequently
than troponin I (ref.’®). In a study by Diris*, the normal
clearance of troponin and troponin fragments was evalu-
ated. In a healthy population, the standard serum con-
centration of troponin T was 0.0002 ug/L, representing a
physiological annual loss of myocardium at the level of 27
mg. Therefore, troponin is generally undetectable in the
serum of healthy persons (detection limit is 0.005 ug/L).
In patients with reduced renal clearance, however, tro-
ponin fragments can accumulate in the serum, and their
levels may exceed the 99™ percentile of the population.
The theory of decreased clearance of troponin fragments
also corresponds to the fact that patients show reduced
levels of troponin after successful kidney transplanta-
tion>*%. The aetiology underlying troponin elevation in
patients with these conditions is probably multifactorial.
A significant proportion of patients have chronic ischemic
disease. Contributing factors such as tachyarrhythmia,
anaemia and acute infection may result in the develop-
ment of myocardial lesions and the subsequent detection
of troponin in the serum. Another probable mechanism
is asymptomatic or oligosymptomatic acute coronary
syndrome, which can be under-diagnosed, especially in
patients with diabetes who are on dialysis>*.

In our study, the proportion of patients with renal in-
sufficiency was relatively low, and a correlation between
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input elevation of troponin and renal parameters was
not demonstrated. Nevertheless, troponin elevation in
patients with renal insufficiency is positively correlated
with higher mortality. However, the reason for this is not
the presence of acute coronary syndrome but rather the
higher mortality of these patients in general, including
from cardiovascular events***¢, Cardiology patients usu-
ally suffer from a complex of mutually related clinical
syndromes, including diabetes, hypertension, dyslipidae-
mia, nicotinism, and obesity. Therefore, it is expected that
patients with renal insufficiency and elevated troponin
have a higher risk of cardiovascular mortality>’. However,
the clinical significance of this phenomenon should be
interpreted with caution. Certainly, we should perform
coronary angiography even in the absence of a straight-
forward indication for it. The absence of such an indica-
tion can ultimately hurt a patient with significant renal
insufficiency. Thus, patients should be comprehensively
assessed with regard to risk profile.

We do not expect that elevations of cardiospecific
markers in response to local damage to the right ventricle
would result in worse morbidity or poorer patient progno-
sis. In considering its mechanism of myocardial damage,
we are of the opinion that the small injuries caused by
the use of pacing electrodes with fixation systems would
not lead to dire consequences, although relevant corre-
sponding studies have not been published. The clinical
significance of this phenomenon lies in assessing the in-
formative value of these markers shortly after electrode
implantation, which has a crucial diagnostic impact. If
clinical suspicion of acute coronary syndrome (chest
pain) is expressed, then the diagnosis cannot involve car-
diospecific markers or ECGs where the repolarization
phase is affected by the mechanism of “cardiac memory”
(ref.®"). The initial examinations of such patients (except
for ECG with the mentioned limitation) should therefore
be made using echocardiography aimed at excluding the
presence of fluid in the pericardial space (tamponades)
via possible perforation of the right ventricle. In the case
of persistent doubt, it is necessary to perform selective
coronary angiography.

CONCLUSION

The fundamental contribution of our work is the
demonstration of small elevations in troponin I levels in
patients undergoing primo-implantations of pacemakers
using electrodes with active fixation. Troponin I levels
increase within a few hours of the procedure. Such a find-
ing in an asymptomatic patient is completely normal and
does not require increased attention. As such, it probably
does not have any prognostic importance for patients. It
can be interpreted in the context of pathophysiological
changes, supported not only by the mechanism of simple
myocardial injury but also by the faster rate of the onset
of serum troponin I levels compared to that following
classical ischemic myocardial damage. If a patient devel-
ops symptoms typical of acute coronary syndrome shortly
after primo-implantation of a cardiac pacing system, it is
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necessary to consider the diagnostic function of the loss
of and to apply other diagnostic methods.
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