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All patients undergoing heart surgery experience a cer-
tain amount of nonspecific myocardial injury docu-
mented by the release of cardiac biomarkers and asso-
ciated with poor outcome. We investigated the role of
unipolar radiofrequency ablation of atrial fibrillation
on the release of cardiac biomarkers in 71 patients un-
dergoing mitral valve surgery and concomitant left
atrial ablation case-matched with 71 patients undergo-
ing isolated mitral surgery. The study was powered to
detect a 3 ng/mL difference. There was no difference
between the 2 groups in terms of cardiac troponin I (10
� 5.3 versus 12 � 10.4 ng/mL; P � 0.7) or creatine
kinase-MB (50 � 21.8 versus 57 � 62.0 ng/mL; P � 0.5)
release. Postoperative peak cardiac troponin I levels

had univariate associations with the duration of cardio-
pulmonary bypass (P � 0.002) and aortic cross-
clamping (P � 0.001) and with the surgical technique
(15 � 12 ng/mL for mitral valve replacement versus 9 �
4.8 for mitral valve repair; P � 0.0007) at univariate
analysis. Mitral valve replacement was the only inde-
pendent predictor of postoperative peak release of car-
diac troponin I identified with multivariate analysis (P
� 0.005). Radiofrequency ablation of atrial fibrillation
does not significantly increase cardiac biomarker re-
lease compared with isolated mitral surgery; mitral
valve repair is associated with less release of cardiac
biomarkers compared with mitral valve replacement.

(Anesth Analg 2005;101:24–9)

A measurable degree of myocardial injury is ex-
pected among patients undergoing cardiac sur-
gery. This injury is an epiphenomenon of the

procedure itself in most cases, but significant myocar-
dial damage may occur in some patients (1). This
perioperative myocardial damage is the result of ei-
ther a focal myocardial infarction in a single coronary
artery territory or a diffuse myocardial injury that is
generally more difficult to recognize and that can lead
to postoperative ventricular dysfunction and heart
failure (2). The European Society of Cardiology and
the American College of Cardiology (3) suggested tro-
ponin as the preferred indicator of myocardial injury,
but its increase does not define the mechanism of
injury in the context of cardiac surgery (4).

Regardless of the mechanism of injury, however, a
high postoperative peak of cardiac troponin I (cTnI) is

associated with an increased risk of short- and long-
term death and also with nonfatal cardiac events
within 2 yr after cardiac surgery (5–8).

Surgical ablation of atrial fibrillation (AF) using the
epicardial radiofrequency (RF) approach allows recov-
ery of sinus rhythm and atrial function in the large
majority of patients with AF who undergo open-heart
surgery (9). The efficacy of RF ablation is related to its
role in creating linear scars within the atrial wall by
means of thermally-induced coagulative necrosis (10).
Therefore, concomitant AF ablation using RF during
open heart surgery could possibly influence postoper-
ative release of cardiac necrosis biomarkers; indeed a
significant release of cardiac necrosis biomarkers in
patients undergoing transcutaneous RF ablation has
been shown (11,12). There are no published data about
the release of cardiac necrosis biomarkers after surgi-
cal ablation of AF.

We investigated the role of surgical RF ablation of
AF in causing the postoperative release of cardiac
necrosis biomarkers cTnI and creatine kinase-MB
(CK-MB).
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Methods
This was a single-center case-matched study per-
formed at IRCCS San Raffaele Hospital of Milan, Italy
during January 2001 to July 2003. The study group
consisted of 71 consecutive patients undergoing mitral
valve surgery associated with RF ablation of AF; dur-
ing the same period, 71 patients who underwent iso-
lated mitral valve surgery were selected as controls.
The selection of patients in the control group was
based on a 1:1 case-control study. For each case in the
study group, a control patient was randomly matched
as follows: same age, same sex, and same surgical
technique (either mitral repair or mitral valve replace-
ment [MVR]).

The study was conducted in accordance with the
Helsinki declaration and approved by the Ethics Com-
mittee of our institution; written informed consent
was obtained. Exclusion criteria consisted of minor
age.

The operation was performed through median ster-
notomy. No ischemic preconditioning was performed.
Cardiopulmonary bypass (CPB) was instituted in all
patients by gravity drainage of blood into a open
venous reservoir with use of a roller peristaltic pump
through a heat exchanger integrated with a hollow
fiber membrane oxygenator with phosphorylcholine
coating (Avant D903; PHISIO, DIDECO, Mirandola,
Italy), an arterial filter, and a mean flow rate of 2.4
L/min/m2. Intermittent cold (4°C) blood cardioplegia
was infused by means of heat exchanger and 2 roller
pumps according to Buckberg et al.’s protocol (13).
Mild hypothermia was used. All patients received an
intraoperative infusion of tranexamic acid (1 g over
20 min before skin incision, followed by a continuous
infusion of 400 mg/h until completion of surgery)
according to our institutional protocol (14). At the end
of surgery patients were maintained sedated, mechan-
ically ventilated, and transferred to the intensive care
unit (ICU). Tracheal extubation and discharge from
ICU followed clinical criteria.

Measured outcome included hours of mechanical
ventilation, cardiac events (defined as the occurrence
of low cardiac output syndrome secondary to ventric-
ular dysfunction requiring large doses of inotropes or
intraaortic balloon pumping for more than 24 h), (15)
and duration of ICU and hospital stay.

Patients with AF undergoing elective MVR or repair
were also given combined intraoperative left atrial RF
ablation. All ablations were performed with a
temperature-controlled linear RF catheter (Cobra, Bos-
ton Scientific). The settings we adopted were 3 min at
80–85°C for epicardial ablations and 2–2.5 min at
70–75°C for endocardial ablations. Bilateral ablation
around the orifices of the right and left pulmonary
vein couples was performed epicardially on CPB, as
was as an ablation from the left pulmonary veins to

the left atrial appendage. After aortic cross-clamping,
two linear ablations were performed endocardially:
one was between the two encirclings on the postero-
superior atrial wall; the other ablation connected the
left appendage to the posterior aspect of the mitral
annulus. The auricle was then excluded using a
double-layer running 4–0 polypropylene suture. The
ablation technique has been previously described in
detail (16).

During the perioperative period, 4 blood samples
were drawn from each patient for estimation of cTnI
and CK-MB; samples were obtained the day before
surgery, at ICU arrival, and after 4 h and 18 h. For the
purposes of the analysis the peak level of each biomar-
ker was used. Blood was collected in plastic tubes with
clot activator (Becton Dickinson Vacutainer Systems;
Sparks, MD) and was centrifuged (2500g for 15 min.)
before analysis. cTnI and mass creatine kinase MB
isoenzyme (CK-MB) were assayed with Dimension
XPand (Dade-Behring Diagnostic). The cTnI and
CK-MB method is a one-step enzyme immunoassay
based on the sandwich principle. For cTnI, sensitivity
of the assay was 0.04 ng/mL. The cross-reactivity to
other myofibrillar proteins found in human muscle
tissue was either minimal or undetectable. The sensi-
tivity of the CK-MB (mass assay) was determined to
be 0.5 ng/mL. There was no significant cross-
reactivity to CK-BB or CK-MM isoenzyme. The refer-
ence interval in our center was 0–7 ng/mL for CK-MB
and 0–1.5 ng/mL for cTnI.

Sample size calculations were based on a two-sided
� error of 0.05 and 80% power. We anticipated a
postoperative peak cTnI release of 12 � 6.3 ng/mL
and assumed a 3 ng/mL difference between patients
with or without RF as being clinically significant. We
calculated that we would need a sample size of 71
patients per group. Therefore, the total study popula-
tion was 2 � 71 � 142 patients. Data were analyzed by
use of Epi Info 2002 software (Centers for Disease
Control, Atlanta, GA) and SAS software, version 8
(SAS Institute, Cary, NC). Patients were case-matched
by age, sex, and surgical technique (mitral repair and
MVR) with patients who did not receive ablation of
AF. Preoperative patient characteristics and individ-
ual risk factors, intraoperative course, and operative
outcomes were compared by univariate analysis. Data
are reported as percentage or as mean � sd or, for
variables not normally distributed, as median and
25th–75th percentiles.

All data analysis was performed according to a
pre-established analysis plan. Dichotomous data were
compared by using �2 test with the Yates corrected �2

tests or Fisher’s exact test when appropriate. Contin-
uous measures were compared by analysis of variance
or the Mann-Whitney U-test when appropriate. Two-
sided significance tests were used throughout the
analysis.
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Stepwise multivariate linear regression analysis (en-
try values P � 0.05, exit values P � 0.05) was used to
determine independent predictors of cTnI release and
results are reported as odds ratios (OR) with 95%
confidence intervals.

Results
In the study period 142 patients were investigated: 71
patients undergoing mitral valve surgery and RF ab-
lation case-matched with 71 undergoing isolated mi-
tral surgery. Preoperative characteristics, surgical pro-
cedure, and intraoperative data are described in Table
1. Postoperative outcomes (ICU stay, hospital stay,
postoperative cardiac events) are illustrated in Table 2.
No in-hospital death was observed.

No patient had baseline cTnI levels above our preset
discrimination level of 0.04 ng/mL, and no patient
had measurable CK-MB levels.

There were no significant differences between the
RF and the non-RF groups in peak cTnI (10 � 5.3
versus 12 � 10.4 ng/mL; P � 0.7; Fig. 1) or CK-MB (50
� 21.8 versus 57 � 62.0 ng/mL; P � 0.5) release in
spite of a longer CPB (105 � 23.8 versus 70 � 22.6 min;
P � 0.000l) and aortic cross-clamp (72 � 18.7 versus 52
� 16.0 min; P � 0.0001) duration in the RF group.
When other perioperative causes of cTnI release were
studied, CPB (P � 0.002, r2 � 0.06) and aortic cross-
clamping duration (P � 0.001, r2 � 0.06) and the type
of mitral surgery (15 � 12 ng/mL for MVR versus 9 �
4.8 ng/mL for mitral repair; P � 0.001; Fig. 2) were
associated with postoperative peak cTnI at univariate
analysis. MVR was the only independent predictor of
cTnI release at multivariate analysis (P � 0.005). These
results were confirmed when peak CK-MB release was
evaluated with univariate and multivariate analysis.

MVR released more cTnI than mitral valve repair
even if the duration of CPB did not differ significantly
between MVR and mitral repair (Table 3).

Patients who suffered postoperative cardiac events
released more cardiac necrosis biomarkers than those
with an uneventful course (18 � 14.2 versus 10 � 6.2
ng/mL of cTnI; P � 0.004; Fig. 3).

Figure 1. Peak postoperative cardiac troponin I (ng/mL) in patients
who received surgical radiofrequency (RF) ablation of atrial fibril-
lation (P � 0.7).

Figure 2. Peak postoperative cardiac troponin I (ng/mL) in patients
who underwent either mitral valve replacement or repair (P �
0.0001).

Table 1. Preoperative Characteristics, Surgical Procedure, and Intraoperative Data

RF (n � 71) No RF (n � 71) P value

Age (yr) 59 (10) 58 (13) 0.6
Female gender 37 (52) 43 (61) 0.4
Reoperation 6 (9) 10 (14) 0.4
Mitral valve replacement 25/71 (35) 18/71 (25) 0.3
CPB time (min) 105 (23.8) 70 (22.6) �0.0001
Aortic cross-clamp (min) 72 (18.7) 52 (16) �0.0001

Values are mean (sd) or n (%).
RF � radiofrequency; CPB � cardiopulmonary bypass.

Table 2. Postoperative Outcomes

RF No RF P value

Cardiac events 8 (11) 12 (16) 0.5
ICU stay (days) 1 (1–2) 1 (1–1) 0.9
LOS (days) 5 (4–6) 6 (5–7) 0.02

Values are median (interquartile range) or n (%).
ICU � intensive care unit; LOS � length of stay; RF � radiofrequency.
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Discussion
This is the first study to investigate the role of unipolar
RF ablation of AF on the release of myocardial necro-
sis biomarkers after cardiac surgery; our results show
that patients undergoing RF do not have any in-
creased release of CK-MB or cTnI compared with iso-
lated mitral procedures. Furthermore, this study dem-
onstrates that mitral valve repair is associated with
less release of cardiac biomarkers as compared with
MVR, and it confirms that a high postoperative peak
of cardiac necrosis biomarkers is associated with in-
creased risk of cardiac events (1,3,6–9).

Madrid et al. (11) studied CK-MB and cTnI serum
levels in 51 patients who underwent percutaneous RF
ablation; they showed a pathologic value of cTnI in
92% of the patients in the ablation group and a mod-
erate level of correlation between the number of RF
pulses and cTnI release. Peak cTnI ranged from 1.5 �
0.83 ng/mL to 6.0 � 5.7 ng/mL depending on the type
of arrhythmia ablated.

Manolis et al. (12), measuring blood levels of cTnI
after transcutaneous RF ablation in 118 patients, con-
firmed that the degree of myocardial injury (2.2 � 2.46

ng/mL 4–24 hours after the end of the procedure) in
patients who underwent transcutaneous RF ablation is
more accurately assessed by cTnI than by CK-MB and
that the cTnI levels correlate with the number of RF
lesions.

RF catheter ablation is a highly effective treatment
for AF (17,18). There are no published data about the
release of cardiac necrosis biomarkers after surgical
ablation of AF. It is a common belief that after RF
ablation there is always a release of cTnI as a result of
the small localized myocardial necrosis. Because cTnI
has a sensitivity and a specificity close to 100% in
detecting myocardial necrosis, our findings show that
the amount of cardiac biomarker release caused by the
thermal injury related to the surgical RF approach is
small and undetectable within the background of bi-
omarker release during cardiac surgery.

It is possible that epicardial application of unipolar
RF on the beating heart have somehow reduced the
depth of the lesions and thus the amount of cardiac
biomarker release. In fact, under these conditions,
blood flow in the atrial chamber cools the endocardial
layer of the atrial wall, thus hindering penetration of
the lesion. Nevertheless it should be considered that
all patients having ablation in this series were also
given 2 endocardial linear ablations at least 4–5 cm
long to complete the lesion set.

This study suggests that myocardial biomarker release
after cardiac surgery is associated with the surgical tech-
nique: MVR releases significantly more cTnI and CK-MB
than mitral valve repair. The different release patterns of
the biochemical markers CK-MB and cTnI in patients
undergoing different types of cardiac surgery is not a
new finding (19,20). Lasocki et al. (6) found that different
surgical procedures were associated with different cTnI
release, but they also found that combined surgery and
mitral valve repair were associated with the largest post-
operative cTnI concentrations and no difference in cTnI
between patients scheduled for coronary artery bypass
graft (CABG) surgery or valve replacement. This con-
flicting result could be explained by considering that

Figure 3. Peak postoperative cardiac troponin I (ng/mL) in patients
who had cardiac events versus patients who had an uneventful
postoperative course (P � 0.0004).

Table 3. Cardiac Biomarkers Peak Postoperative Values, Cardiopulmonary Bypass and Aortic Cross-Clamping Time

Mitral
Replacement

Mitral
Repair

P
Value

Radiofrequency group
CtnI 13 � 5.9 9 � 4.5 0.005
CK-MB 58 � 21.0 45 � 20.6 0.007
CPB time 101 � 23.2 112 � 23.7 0.07
Cross-clamp time 77 � 17.4 69 � 18.8 0.06

Non-Radiofrequency group
CtnI 18 � 17.5 9.4 � 5.1 0.001
CK-MB 85 � 103.9 48 � 36.0 0.03
CPB time 73 � 29.7 69 � 19.9 0.4
Cross-clamp time 54 � 25.8 51 � 12.2 0.4

CTnI � cardiac troponin I; CPB � cardiopulmonary bypass.
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Lasocki et al. (6) grouped together aortic valve replace-
ment and MVR. By contrast, in our study MVR was
characterized by the largest cardiac biomarker release.
This phenomenon may be secondary to the lesser
amount of heart manipulation during the reparative ap-
proach to the mitral valve; furthermore, mitral repair
does not usually involve any procedure on the subval-
vular apparatus (21–25). The observed differences in
postoperative enzyme levels between MVR and repair
seen in our study could indicate a possible difference in
the response to ischemia and reperfusion. As a result of
geometric and related functional changes caused by
transection of the subvalvular apparatus in MVR there is
an anomalous left ventricle response to early reperfu-
sion; partial or total chordal transection results in signif-
icant increase in end-systolic circumferential wall stress
and geometric distortion (22,25). Mitral reconstruction,
compared with MVR, results in a marked reduction in
end-systolic stress and maintenance of more ellipsoidal
chamber geometry.

A Consensus Conference (4) has redefined the di-
agnostic criteria for myocardial infarction in every
context except cardiac surgery, where there is still
much debate (24,25). In fact, measurement of cTnI may
be helpful for establishing the prognosis; a high post-
operative peak of cTnI is associated with increased
risk of death, death from cardiac causes, and with
nonfatal cardiac events within 2 yr after CABG sur-
gery (6,8,9). In addition, cTnI concentration measured
20 h after the end of surgery is an independent pre-
dictor of in-hospital death after cardiac surgery, and
increased concentrations of cTnI are also associated
with death resulting from a cardiac cause and with
major postoperative complications (7). Our study
shows that a high postoperative peak of cardiac ne-
crosis biomarkers is associated with an increased risk
of cardiac events, although this increased peak of post-
operative cTnI release is not attributable to the effects
of RF ablation of AF, and that RF ablation of AF does
not affect short-term outcome.

There are some limitations to this report. It was not
possible to introduce any randomization in the study.
It is certain that minor myocardial injury may occur
during RF ablation of AF. Nonetheless this myocardial
injury is neither clinically nor statistically significant
in the context of mitral valve surgery, where numer-
ous important causes of troponin release coexist.

The etiology of perioperative cTnI release after car-
diac surgery has not yet been studied in detail despite
its importance. Clinicians need to consider two pri-
mary possible etiologies for increased cardiac markers
after cardiac surgery: either the increased marker re-
flects an acute myocardial infarction or the cardiac
biomarker increase is related to other factors. Discrim-
inating between these two possibilities may represent
a substantial challenge. Our study shows that RF ab-
lation of AF does not significantly affect peak cTnI

release. Furthermore, this study shows that mitral
valve repair releases less cardiac biomarkers com-
pared with MVR surgery.

We are indebted to B. Arca, RN, C. Zanellato, RN, C. Manzoni, RN
and G. Giardina, RN from IRCCS San Raffaele Hospital, Milano,
Italy for the care provided to these patients and for the support
provided to data collection and data entry.
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