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Background: Rheumatic heart disease is the major cause of cardiovascular death in children and
young adults in developing countries.
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Objectives: In the present study, we investigated the changes in cardiac biomarker levels before
and after percutaneous balloon mitral commissurotomy (PMC).
Methods: Patients with severe mitral stenosis undergoing elective PMC were prospectively
enrolled. The blood sample was taken for the measurement of cardiac biomarkers (CKMB
and CTnI) before and then 6 hours and 12 hours after PMC. The maximum level of the
biomarkers after the procedure was determined for analysis.
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Results: Of a total of 56 patients (mean age =44.0±14.1 y), 91.1% were female. Except for 1
patient, all the other patients had cardiac biomarkers before the procedure in normal ranges.
The serum levels of CTnI and CKMB increased significantly after the procedure. The
patients who underwent complex septostomy had a significantly higher rise in CKMB
(9.4±9.34 IU/L vs. 3.17±12.39 IU/L; P=0.03) and CTnI (0.15±0.20 µg/L vs. 0.07±0.12
µg/L; P=0.002).
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Conclusions: The serum levels of CTnI and CKMB increased significantly following the
procedure, especially in patients who underwent complex septostomy. (Iranian Heart
Journal 2016; 17(1): 64-70)
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heumatic heart disease is a chronic
manifestation of rheumatic carditis,
which is a major burden in developing
countries. It causes about 250,000 premature
deaths every year worldwide and is the major
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cause of cardiovascular deaths in children and
young adults in developing countries.(1)
Percutaneous balloon mitral commissurotomy
(PMC) has established itself as the procedure
of choice for suitable patients suffering from
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severe symptomatic rheumatic mitral stenosis
(MS) with excellent immediate and long
outcomes.(2-5) A recent long follow-up study
showed that more than one-third of patients
treated with successful PMC still exhibit a
good clinical status after 20 years.(6)
Although PMC is a relatively safe procedure,
it has some adverse procedural complications
which can lead to mortality in rare cases.
Most of the adverse complications relevant to
PMC occur during the process of interatrial
septum puncture, manipulation of the Inoue
balloon catheter in the left atrium, and
commissurotomy of the mitral valve with the
Inoue balloon catheter. During the
Brockenbrough puncture, the Brockenbrough
needle could penetrate the adjacent structures
and enter the ascending aorta or the
postatrium pericardial space. Also, the Inoue
catheter or guide wires, while being
manipulated in the cardiac chambers, might
perforate the vulnerable structures such as the
left atrial appendage, pulmonary veins, or left
ventricular apex.(3)
Myocardial damage by any mechanism could
influence the cardiovascular outcomes. An
increase in the level of cardiac biomarkers is
associated with increased motility, even in the
general population.(7,8) The association
between an increase in cardiac biomarkers
and mitral valve surgery has been established
in previous studies.(9-12) Our literature review
failed to yield any research on myocardial
damage after PMC. We, therefore, conducted
this observational study for the first time to
evaluate cardiac biomarker levels before and
after PMC.
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METHODS
From July 2010 to September 2011, all
consecutive patients with severe MS
undergoing elective PMC were prospectively
enrolled. Demographic data—including age,
gender, and risk factors– were collected and
recorded. Transesophageal echocardiography
was done for all the patients before PMC.
After light sedation, PMC was performed via
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the femoral approach with a 9-F sheath in the
vein and a 6-F sheath in the artery. Right
heart
catheterization
was
performed.
Additionally, right atriography was done, and
mitral commissurotomy was performed using
a Brockenbrough needle through the
transseptal approach. If it succeeded in
reaching into the left atrium at the first
attempt or easily passing through the fossa
ovalis, it was defined as a simple septostomy
procedure; however, if more than 1 attempt
was needed to reach into the left atrium, it
was defined as a complex septostomy
procedure. Successful PMC was defined as
achieving mitral valve area (MVA) >1.5 cm2
or 1cm2/m2 without significant complications.
The blood sample was taken for the
measurement of cardiac biomarkers (CKMB
and CTnI) before and then 6 and 12 hours
after PMC. The upper limit of cardiac
biomarkers was determined as 24 IU/L for
CKMB and 0.01 µg/L for CTnI. The
maximum level of the biomarkers after the
procedure was determined for analysis.
Prior to study enrollment, all the participants
were approached and written informed
consent was obtained. The study protocol and
related materials were approved by the local
research ethics committee.

Iranian Heart Journal; 2016; 17 (1)

Sanati H.R, et al.

Evaluation of Cardiac Biomarkers after Percutaneous Balloon Mitral Commissurotomy

Statistical Analysis
The continuous variables are expressed as
means ± SDs. Also, the continuous variables
were compared using the Student t-test or the
Mann–Whitney U-test, as appropriate. The
discrete variables are expressed as frequencies
and percentages and were compared using the
chi-square test or the Fisher exact test, as
required. All P values <0.05 were considered
statistically significant. The statistical
analyses were conducted using SPSS, version
13.1 (SPSS Inc., Chicago, IL).
RESULTS
During the study period, a total of 56 patients
(mean age =44.0±14.1 y) with documented
severe MS were entered in our study and
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subjected to PMC. The majority of them were
female (91.1%), and only 5 (8.9%) patients
were male. Seven (13.7%) of the female
patients were pregnant and necessary
precautions were taken for fetal protection
from radiation. The patients’ cardiac
biomarkers before the procedure were within
normal ranges; the exception was 1 patient
with a high level of CKMB (38 IU/L) and
CTnI within the normal range (Table 1).

had
undergone
complex
septostomy.
Tamponade occurred in 3 patients, who
underwent conservative management without
need for open surgery.
Table 2. Findings related to PMC
PMC score by
echocardiography
Balloon size (mm)
2

MVA (cm )
Mean gradients (mm Hg)

Table 1. Baseline characteristics of 56 patients
undergoing percutaneous balloon mitral
commissurotomy
Female (n, %)
Pregnant (n, %)
Age (y)
Risk factors
Hypertension (n, %)
Diabetes mellitus (n, %)
Cardiac biomarkers
CTnI (IU/L)
CKMB (µg/L)

Septostomy

D
I

5 (8.9%)
5 (8.9%)
0.001 ± 0.01
13.56 ± 3.87

A

26 or 28
0.9 ± 0.16
1.7 ± 1.8
11.5 ± 4.8
1.7 ± 2.6
34 (60.7%)
22 (39.3%)

S
f

After the procedure, an increase in CKMB
was observed in 16 (28.6%) patients, while an
increase in CTnI was detected in 33 (58.9%).
The maximum increase in the level of CKMB
(70 IU/L) was seen in 1 patient with a high
level of CKMB at baseline. The changes in
the levels of the cardiac biomarkers after the
procedure are depicted in Figure 1. The serum
level of CKMB and CTnI rose significantly at
6 hours and 12 hours compared to the
baseline value (P<0.001); however, no
significant changes between the 2 samples
after the procedure were seen in CKMB
(P=0.76) and CTnI (P=0.09) levels. There was
no significant association between mean rises
in CKMB or CTnI and gender, presence of
risk factors, balloon size, number of balloon
inflations, and echocardiographic score of the
valve (Table 3).
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Before PMC
After PMC
Before PMC
After PMC
Simple
Complex

PMC, Percutaneous balloon mitral commissurotomy;
MVA, Mitral valve area

51 (91.1%)
7/51 (13.7%)
44.0 ± 14.1

Mean MVA and also mean transmitral valve
gradient before and after the procedure are
illustrated in Table 2. Although coronary
angiography was performed for 20 patients
(35.7%) based on their history and
noninvasive testing, this modality did not
change the decision to perform PMC. Also,
significant coronary artery disease was not
found in any of the patients. Simple and
complex septostomy was done for 34 and 22
patients, respectively. The PMC was
performed successfully in the majority of the
patients. Iatrogenic atrial septal defect
occurred in 7 (12.5%) patients, 6 of whom

8.6 ± 0.18

Figure 1. Serum levels of CTnI and CKMB increased significantly after the procedure.
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Table 3. Relation between raise in CKMB and CTnI and different factors
N
Gender
Risk factors
Balloon size

Number of balloon
inflations
Percutaneous
balloon mitral
commissurotomy
score by
echocardiography

Female
Male
Yes
No
26 mm
28 mm
1
2
3
4
5
7
8
9
10
11

51
5
10
46
25
31
2
17
28
7
2
6
14
26
7
3

Mean Rise in
CKMB (IU/L)
5.54 ± 11.91
6.40 ± 9.01
7.0 ± 8.0
5.32 ± 12.32
5.04 ± 8.55
6.09 ± 13.72
0
6.94 ± 8.92
5.11 ± 14.09
5.86 ± 10.01
6.50 ± 9.19
11.67 ± 28.58
5.36 ± 9.03
4.92 ± 7.23
2.57 ± 6.80
8.00 ± 13.85

Interestingly, the patients who underwent
complex septostomy had a significantly
higher rise in CKMB and CTnI (Fig. 2). Also,
the patients with a significant rise in cardiac
biomarkers were more in the complex
septostomy group than in the simple
septostomy group. A significant rise in
CKMB was observed in 12 patients with
complex septostomy and 4 patients with

P value
0.61
0.68
0.73

0.95

0.69

Mean Rise in
CTnI (µg/L)
0.11 ± 0.15
0.15 ± 0.15
0.10 ± 0.14
0.12 ± 0.15
0.15 ± 0.16
0.09 ± 0.13
0.15 ± 0.02
0.14 ± 0.12
0.12 ± 0.18
0.04 ± 0.08
0.09 ± 0.05
0.11 ± 0.01
0.09 ± 0.08
0.15 ± 0.19
0.08 ± 0.08
0.13 ± 0.14

P value
0.70
0.62
0.14
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0.70

0.76
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simple septostomy (54.5% vs. 11.8%;
P<0.001). Also, a significant rise in CTnI was
observed in 21 patients with complex
septostomy and 12 patients with simple
septostomy (95.5% vs. 35.3%; P<0.001). The
serial ECG of the patients showed no
evidence of myocardial ischemia, also none of
them
experienced
ischemic
pain
manifestations.

S
f

o
e

v
i
h

c
r

A

Figure 2. Mean rise in CTnI and CKMB was significantly higher in the patients undergoing
complex septostomy.

DISCUSSION
The importance of increase in cardiac
biomarkers in patients without coronary artery
disease is an issue that always has been
discussed. In this study, significant increase in
cardiac biomarkers was observed in patients
after PMC. This increase did not associate
with coronary artery disease. About 36% of
patients with suspected coronary artery
involvement underwent coronary angiography
before PMC. Significant coronary artery

disease was not found in any of them. This
finding suggested that the increase in cardiac
biomarkers was secondary to direct
myocardial damage during PMC.
According to the current guidelines, serum
troponin has more sensitivity and specificity
than CKMB.(13) Elevated cardiac troponin is
used for the diagnosis and risk stratification of
high-risk patients with acute coronary
syndromes(14-16), as well as those undergoing
cardiac and even noncardiac surgery.(12,17,18)
However, the role of cardiac biomarkers after
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PMC in the evaluation of myocardial damage
and detection of high-risk patients remains
less clear. In our study, increase in cardiac
biomarkers significantly occurred in the
patients with complex septostomy procedures,
although these changes did not associate with
other factors—including demographic, mitral
valve morphology, and other procedural
factors such as balloon size or number of
balloon inflations. About 39% of the patients
needed complex septostomy, and 54.5% of
these patients had a rise in CKMB and 95.5%
had a rise in CTnI. Regarding the type of
septostomy, there were more patients with a
rise in CTnI than were patients with a rise in
CKMB. That is because CTnI is more
sensitive than CKMB secondary to
myocardial damage. Previous studies have
documented that cardiac troponin is more
sensitive and specific for myocardial
damage,(14,17) which is concordant with our
findings.
The association between cardiac biomarkers
elevations, especially troponin, and mortality
is known predominately within the first days
of surgery—regardless of the surgical type.
The association between all levels of troponin
and postoperative mortality has been
confirmed
in
previous
studies.(18,19)
Interestingly, preoperative troponin elevations
are significantly associated with postoperative
myocardial infarction and long-term mortality
after surgery.(20-22) Accordingly, a failure to
detect increased troponin with the current
standard of care can lead to irreversible
cardiovascular complications and even
increase in mortality.(18) Nonetheless, larger
studies are needed for the evaluation of the
association between cardiac biomarkers
elevations and the outcome of patients
undergoing PMC.

relatively small sample size might have
rendered our study underpowered for certain
comparisons such as the association between
elevated cardiac biomarkers and other factors
such as balloon size or number of balloon
inflations. Other cardiac biomarkers such as
CTnT may be more sensitive for the detection
of myocardial damage. Hence, more studies
are needed to assess myocardial damage after
PMC by newer cardiac biomarkers.
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