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Abstract

Original Article

Introduction

Mitral annular calcification (MAC) is a chronic, degenerative, 
and noninflammatory disease of the mitral valve.[1,2] The 
prevalence of MAC increases with age, and MAC most 
frequently occurs in postmenopausal women.[3‑5] Diagnosis is 
made on observing the increase in opacity in the mitral valve 
annulus using transthoracic echocardiography (TTE). MAC 
may result in mitral stenosis, mitral regurgitation, infective 
endocarditis, atrial arrhythmias, and heart block. It is one of 
the known independent risk factors for systemic embolism 
and stroke. MAC severity as measured by the thickness of 
the valve in M mode is linearly correlated with the risk of 
stroke.[6,7] Along with other calcific valvular processes, MAC 
is associated with a high prevalence of risk factors for the 
development of coronary atherosclerosis.[8] Framingham trial, 
which studied the correlation between MAC and cardiovascular 
mortality and morbidity, established that there is a relationship 
between MAC and cardiovascular event, cardiovascular death, 
and all‑cause mortality.[9]

Matrix Gla protein (MGP) is an extracellular matrix protein 
whose synthesis depends on Vitamin K, and it inhibits vascular 
calcification by binding to calcium ions. The primary sites of 
synthesis of this most important protein that regulates vascular 
calcium metabolism are cartilage, lung, heart, kidney, vascular 
smooth muscle cells, and calcific atherosclerotic plaque.[10,11] 
MGP knock‑out mice are characterized by severe vascular 
calcification and die prematurely due to spontaneous aortic 
rupture.[12] In a pilot study, it was found that individuals 
with coronary atherosclerosis, aortic stenosis, and calcific 
uremic arteriolopathy had lower ucMPG levels compared to 
healthy controls.[13] A previously published study determined 
the correlation between MAC and serum uncarboxylated 

Objective: Mitral annular calcification (MAC) is associated with systemic calcification and cardiovascular disease (CVD) events. Matrix 
Gla protein (MGP) is a strong inhibitor of vascular and soft‑tissue calcification and reduced levels of its circulating precursor, uncarboxylated 
MGP (ucMGP), was found associated with vascular calcification in pilot studies. Methods and Results: In this study, which includes 86 
outpatients with no significant coronary artery and chronic kidney diseases, we measured serum ucMGP levels and evaluated MAC using 
echocardiography. In participants with MAC (n = 44), serum ucMGP levels were lower than the control group (n = 42) (216.1 ± 154.1 vs. 
390.2 ± 256.3, P = 0.001, respectively). The patients with MAC were divided into two groups: mild MAC group and moderate MAC group. 
Serum ucMGP levels were significantly lower in the moderate MAC group than the mild MAC group (139.0 ± 121.8 vs. 248.4 ± 156.3, 
P = 0.03, respectively). Conclusions: In patients with MAC, serum ucMGP level was significantly low, and this association has been detected 
for the first time in patients with no significant coronary artery disease (CAD).
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MGP  (ucMGP) levels in patients with cardiovascular 
disease  (CVD).[14] The objective of the present study is to 
determine the independent association of serum ucMGP with 
MAC in outpatients with no significant CVD.

Study Design and Methods

Study participants
Between 2008 and 2009, we recruited 44 patients with MAC 
detected by TTE. Forty‑two age and gender‑match, healthy 
volunteers with no medical comorbidities, and receiving 
no cardioactive medications included in the study. Patients 
with rheumatic heart disease, severe/significant coronary 
artery disease  (CAD), chronic renal failure, hypertrophic 
cardiomyopathy, cardiac failure, severe valvular disease, and 
patients under statin therapy were excluded from the study. 
Severe CAD patients were excluded myocardial perfusion 
scintigraphy both MAC and control groups. We performed 
invasive coronary angiography both mild and moderate 
coronary artery patients, which detected by myocardial 
perfusion scintigraphy, and significant  (>70% stenosis in a 
major coronary vessel) CAD patients were excluded from the 
study. Before data collection, written informed consent was 
obtained from each patient, and the study had been approved 
by the appropriate Institutional Ethics Review Committee.

All transthoracic echocardiographic examinations 
were performed using GE Vingmed system 5  (Horten, 
Norway), accompanied by electrocardiogram monitoring. 
Echocardiographic examination was performed in the left 
lateral decubitus position, in accordance with the relevant 
guidelines. Parasternal long and short axes, apical four chamber, 
apical two‑chamber, and apical three‑chamber windows of all 
patients were visualized using two‑dimensional echo and color 
Doppler. Left ventricular end diastolic diameter  (LVEDD), 
left ventricular end systolic diameter  (LVESD), left atrial 
diameter, left ventricular, septal and posterior wall thickness, 
mitral flow velocity pulse, and continuous wave Doppler were 
analyzed. The studies were recorded digitally. After saving the 
echocardiographic data, blood samples were obtained from 
patients and these samples were collected in biochemistry 
tubes with citrate. Samples were incubated for 15 min at room 
temperature. Blood samples were centrifuged at 3000  rpm 
for15 min; serum was separated from the plasma and stored 
at −80°C for the future analysis.

Measurements
Uncarboxylated matrix Gla protein
Serum ucMGP was measured by competitive enzyme‑linked 
immunosorbent assay using VitaK BV  (Maastricht, the 
Netherlands) as previously described.[13] Anti‑ucMGP 
(VitaK BV, Maastricht, The Netherlands) was conjugated 
to the microtiter plate through polyclonal rabbit‑antimouse 
IgG  (Dako, Heverlee, Belgium). After stringent washing, 
5  mL of the serum sample or standard was mixed with 
tracer  (biotinylated peptide consisting of residues 35–54 in 
human MGP), transferred to the microtiter plate, and incubated 

overnight at 4°C. After washing, the plate was incubated with 
streptavidin‑peroxidase (Zymed, Breda, The Netherlands) and 
stained with TMB Microwell Proxidase Substrate Kit (KPL, 
Gennep, The Netherlands). The process was terminated by 
adding H2SO4, and the plate was read at 450 nm. The lower 
limit of detection was 98 nM, and the intra‑assay coefficient 
of variation was 6% and the interassay coefficient was 11%.

Mitral annular calcification
Using GE Vingmed system 5 (Horten, Norway) echocardiograms 
were obtained at rest with all standard two‑dimensional views 
and Doppler images. MAC is defined as an echo‑dense structure 
located at the junction of the atrioventricular groove and the 
posterior mitral leaflet on the parasternal long‑axis, apical 
4‑chamber, or parasternal short‑axis view. MAC was divided 
into three groups according to the degree of calcification; mild, 
moderate, and severe.

Mild – Focal echodensity increase in mitral annulus.

Moderate – Echodensity increase is <½ and more than 1/3 of 
the mitral annulus.

Severe – Calcification more than ½ of the mitral annulus or 
calcification coating left ventricular outflow tract.

Other associated characteristics
Age, sex, race/ethnicity, smoking status, medical history of 
hypertension, diabetes, chronic kidney disease, myocardial 
infarction, angioplasty, coronary bypass, and heart failure were 
all determined by the answers to the patient questionnaire. 
Laboratory measures were made using standard clinical 
chemistry analyzers.

Statistical analysis
The statistical analyses were carried out using the  SPSS 
15.0 software (SPSS Inc., Chicago, IL, USA). Parametric 
variables were expressed as mean  ±  standard deviation; 
while the categorical variables were expressed in percentage. 
Continuous variables outside the normal distribution were 
analyzed using the Mann–Whitney U‑test, while those within 
the normal distribution were analyzed through Student’s t‑test. 
The one‑way analysis of variance test was used to compare 
the categorical variables analyses. P  <0.05 was considered 
statistically significant.

Results

Both groups were similar regarding their demographic 
characteristics. Hypertension prevalence was significantly 
higher in the group with MAC (54.5% and 33.3, P = 0.048). Each 
of the two groups had no significant differences regarding the 
frequency of diabetes mellitus and dyslipidemia. Left ventricular 
hypertrophy was observed significantly more commonly in the 
group with MAC (52.3 and 8.23, P = 0.006). Left atrial diameter 
was significantly larger in the group with MAC (3.3 vs. 3.1, 
P = 0.011). There were no significant differences between the 
two groups regarding LVEDD and LVESD [Table 1]. Serum 
MGP levels were significantly lower in the MAC group 
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(216.1 ± 154.1 vs. 390.2 ± 256.3, P = 0.001, respectively) 
[Table 2]. The relationship between serum MGP and MAC 
grade was evaluated, and it was found that there was an 
increase in the degree of MAC‑associated reduction of serum 
MGP levels [Figure 1].

Discussion

A previously conducted study using the same ucMGP assay 
demonstrated an association between lower ucMGP in people 
with CVD. Our study demonstrated that serum ucMGP levels 
were significantly lower in patients with MAC, and ucMGP 
levels were significantly lower even in the moderate MAC 
group compared to the mild MAC group. This association is 
detected for the first time in patients without significant CAD. 
A similar association was observed between ucMGP and MAC 
but was limited to participants with CAD. We performed 
myocardial perfusion scintigraphy in both MAC and control 
groups to exclude severe CAD. The statistical difference 
between mild and moderate MAC group regarding serum 
ucMGP levels strongly corroborated the correlation between 
serum ucMGP levels and dystrophic calcification.

Previous epidemiological studies evaluating the associations 
of ucMGP with dystrophic calcification have largely been 
limited to populations with end‑stage renal disease and CAD, 
in which lower ucMGP concentrations are associated with 
vascular and valvular calcification and mortality.[15‑19] Here, we 
demonstrate an inverse association of ucMGP with dystrophic 
valvular calcification in a population without severe kidney 
disease and CAD. Together, these data suggest that ucMGP 
may function as an inhibitor of dystrophic calcification in other 
populations and is not limited to persons with end‑stage renal 
disease and severe CAD.

Conclusion

In summary, ucMGLA protein concentrations are inversely 
associated with MAC in people without CAD and severe 
kidney disease. In the context of previous studies, these data 
corroborate the hypothesis that MGP may function as an 

important inhibitor of dystrophic valvular calcification and 
that this function does not require the presence of severe 
CAD, kidney disease, or other traditional cardiovascular 
risk factors. Future studies are required to evaluate whether 
MGP is associated with dystrophic calcification among other 
vascular tissues, whether the results may be generalized to 
individuals without coronary heart disease, and whether 
MGP concentrations may predict longitudinal progression of 
dystrophic calcification. This study adds to a growing body of 
literature demonstrating that serum ucMGP levels affect the 
regulation of cardiac valvular calcification, and this function 
is not different in people without significant CAD.
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Abstract

Original Article

Introduction

Several studies have evaluated the association between 
RV structure and ECG alterations in patients with either 
chronic thromboembolic pulmonary hypertension (CTEPH) 
or pulmonary arterial hypertension  (PAH), which could be 
useful for diagnostic or prognostic purposes.[1‑6] However, 
it is still unknown to what extent the different ECG criteria 
reflect the changes in mass and volume of the right ventricle, 
and they are related to the RV overload determined by the 
elevated pressures in the pulmonary circulation. Unlike other 
types of pulmonary hypertension, CTEPH can be successfully 
treated with surgery. It is well demonstrated that pulmonary 
endarterectomy (PEA) allows dramatic improvements in the 
right heart hemodynamic profile immediately after surgery.[7,8] 
On the contrary, regression of hypertrophy and restoration 
of regular RV systolic function requires more time and take 
place mainly during the first postoperative year.[9,10] The QT 
interval reflects electrocardiographic  (ECG) parameter of 
the duration of ventricular repolarization. The QT dispersion 
is the interleaved variability of QT interval on ECG that 
reflects regional differences in myocardial repolarization. 

Enhanced the QT dispersion has been linked to the occurrence 
of malignant ventricular arrhythmias and sudden cardiac 
death.[11‑13] P wave terminal force in lead V1 was found to be 
an independent predictor of stroke in a vital trial.[14] The aim of 
the present study was for this reason to evaluate the evolution 
of ECG parameters as potential predictors of future arrhythmias 
after PEA. However, this claim must to be supported with 
long‑term results.

Materials and Methods

The present study is a retrospective evaluation of 62 CTEPH 
patients who underwent PEA between 2009 and 2013 in 
the Marmara University Hospital by thoracic surgery and 
were followed up for at 6  months after surgery. Thoracic 
surgeon evaluated patients. Patients with Stage 4 did not 
perform a surgical operation. Exclusion criteria were previous 

Background: The aim of the present study was therefore to evaluate the evolution of electrocardiography (ECG) markers indicator of morbidity 
and mortality after pulmonary endarterectomy (PEA). It may be a good predictor of mortality and morbidity in chronic thromboembolic 
pulmonary hypertension (CTEPH) with patients who underwent PEA. PEA may be reduced risk of arrhythmia in patients with CTEPH. However, 
this claim must to be supported with long‑term results. Materials and Methods: We collected demographic, ECG, and echocardiographic 
parameters data (baseline and after the operation) in patients undergoing PEA for CTEPH at our institution from 2009 to 2013.We assessed 62 
CTEPH patients who underwent PEA. Results: P wave amplitude in DII, PR interval, P and QT dispersion changed significantly at 3 months 
after surgery. The P dispersion (17.66 ± 6.2, P < 0.04) and QT dispersion (23.75 ± 11.37, P < 0.015) were longer in before operation than in 
after operation. Conclusions: In our study, we found in ECG analyses of CTEPH with patients who are undergoing PEA that P dispersion, 
QT dispersion were changed when compared with before operation. For this reason, we think that PEA reduces the risk of atrial fibrillation 
and malignant arrhythmia.
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myocardial infarction, significant left valvular heart disease, 
congenital heart disease, the necessity of additional cardiac 
surgery, persistent atrial fibrillation/flutter  (three patients), 
and significant chronic lung disease. All patients underwent 
echocardiographic examination and a 12‑lead ECG recording 
before surgery, at 6 months after surgery as part of the routine 
PEA follow‑up protocol at our center. Conventional 12‑lead 
ECG was recorded with the patient in supine position with 
commercially available ECG at a paper speed of 25 mm/s, the 
sensitivity of 1 mV = 10 mm, a sampling frequency of 500 Hz. 
Every ECG recorded and analyzed was checked by two expert 
cardiologists and were used to assess intra‑ and interobserver 
variability. The ECG parameters were measured: Heart rate, 
PR interval, QRS width, P width, and P wave amplitude in 
DII, P wave amplitude in aVL, P wave amplitude in V5, 
QT duration in DII, QT duration in aVL, QT duration in 
V5, P dispersion, and QT dispersion. The P wave onset and 
end‑points were considered as the intersection of the P wave 
by the isoelectric line and the junction of the end‑point of the 
P wave with the isoelectric line, respectively. The maximum 
P wave duration was suggested as the most extended P wave 
and the longest atrial conduction time, and the variation 
between the longest and the shortest P waves were indicated 
as the P wave dispersion [Figure 1]. The interval between the 
points of the isoelectric TP segment intercepted by the onset 
of the QRS complex and the descending branch of the T wave 
was suggested as the QT interval and was respective calculated 
for each derivation. The QT dispersion was determined as the 
variation between the longest and shortest QT intervals in any 
origin in the standard 12‑lead ECG [Figure 2].

Ultrasound examinations were performed using commercially 
available echocardiographic equipment (Vivid 7 System). The 
following parameters were measured to study the right and left 
ventricle: Left ventricle ejection fraction, right ventricle tissue 
Doppler value (S’), myocardial perfusion index, pulmonary 
systolic pressure, right atrium and ventricle diameters, tricuspid 
annular plane systolic excursion, and degree of tricuspid 
regurgitation. For statistical analysis, SPSS 16.0 statistical 
package for Windows (SPSS Inc., Chicago, IL, USA). software 
was used. Categorical variables were defined as a percentage. 

Quantitative variables were expressed as a mean ± standard 
deviation and for the comparison of variables between 
two paired groups “paired sample Student T”  (parametric 
distributed parameters) and “Wilcoxon” (for the parameters 
showing the nonparametric distribution) tests were used. 
Correlation analyses were performed by Spearman correlation 
test. P < 0.05 was accepted statistically significant.

Results

The patient’s clinical characteristic are shown in Table  1. 
A total of 39 of the patients were of the male gender; mean age 
was 57 years, the vast majority had severe symptoms, 45 of 
the patients had a history of deep vein thrombosis, few of them 
had associated diseases such as chronic obstructive pulmonary 
disease, diabetes mellitus, and systemic hypertension. 
Eighty‑nine percent of patients had functional Class  III‑IV. 
Hemodynamic values are shown in Table  2: the mean 
pulmonary arterial pressure of patients was 48.7 ± 14.9.We 
assessed 62 CTEPH patients who underwent PEA. P wave 
amplitude (118.66 ± 2.77 vs. 109.16 ± 33.24. P < 0.016) India, 
PR interval  (157.9 ± 31.51 vs. 139.35 ± 29.28, P < 0.006) 
P and QT dispersion changed significantly at 6 months after 
surgery. The P dispersion (27.93 ± 14.17 vs. 21.72 ± 11.04, 
P < 0.04) and QT dispersion (53.37 ± 313,76 vs. 42.00 ± 18.79, 
P  <  0.015) were longer in before operation than in after 
operation [Table 3]. The patient’s echocardiographic values are 
shown in Table 4. It showed a marked reduction in RA pressure 
after surgery. The correlation analyses were demonstrated that 
there was a positive correlation between RVS’2‑MPI 2 (after 
PEA) and P dispersion wave 1 (before PEA) [Table 5]. We 
have no data with PR dispersion associated with postsurgical 
atrial fibrillation. Overall intra‑ and inter‑observer variability 
rates were similar.

Discussion

The main result of the present study in patients with CTEPH 
is the differentiation, among the ECG markers of arrhythmia 
risk, of those more strictly related to the QT and P dispersion 
and those better reflecting the malign arrhythmia and atrial 
fibrillation. To the best of our knowledge, this is the first 
study to characterize the ECG changes in CTEPH patients 

Figure  1:  Two complexes extracted from 12‑lead sur face 
electrocardiography of a patient. In this case, maximum P‑wave duration 
was observed from lead aVF and the minimum P‑wave duration from lead 
automatic voltage regulator. Pine wilt disease was defined as the difference 
between the maximum and minimum P‑wave durations

Figure 2: The QT dispersion is determined as the variation between the 
longest and shortest QT intervals in any origin in the standard 12‑lead ECG
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undergoing PEA, and arrhythmia‑related morbidity and 
mortality are associated with reduced risk after surgery. Such 
patients are an excellent clinical model to study the effects 
of treatment of pulmonary hypertension on ECG markers of 
arrhythmia: first of all because the consequences of surgery on 
CTEPH patients by far exceed the impact of pharmacological 
therapy in other forms of pulmonary hypertension, with the 
only possible exception of the effects of calcium antagonists 
in patients with PAH responsive to vasodilators.[15] Second 
because in such patients there is apparent dissociation between 
the hemodynamic improvement, which is immediate after 
surgery, and the reverse remodeling of the right ventricle, 
which takes time, up to inadequate preservation of the right 
heart during the early postoperative period, with stunning 
being reversible over a few months, and tethering of the 
right ventricular wall due to adhesion between the heart and 
surrounding tissues.[15]Table  3 showed a marked reduction 
in RA pressure after surgery; this itself reduces the atrial 
stretching, which is surrogate for future remodeling and 
arrhythmia development.

We observed that PR interval in ECG, P wave amplitude in DII 
decreased significantly soon after the intervention at 6 months. 
Data in the literature in different forms of pulmonary hypertension 
indicate that a high P amplitude and a rightward‑oriented QRS axis 
are linked to the presence of increased pulmonary pressures.[16‑18] 
The magnitude of the P wave has also been previously reported to 
be of prognostic value in patients with PAH.[19] Finally, it has been 
suggested that an elevated P amplitude in lead DII, in association 
with changes in QRS and T wave axis, could be an important 

determinant of treatment response in PAH patients, implying that 
routine ECG evaluation could be a significant contribution to the 
assessment of therapy response in PAH patients.[20] The present 
study is in agreement with such previous findings, additionally, 
showing that the reduction in P wave amplitude in lead DII over 
the 3rd month.

The previous studies have shown that QT dispersion 
is an indicator for arrhythmia and CVD mortality[20] 

Table 1: Patients’ clinical characteristics at baseline

n (%)
Age 57±26
Male sex (n) 39 (62)
WHO class II/III/IV (%) 11/59/30
Previous deep venous thrombosis (n) 45 (72)
Systemic hypertension 18 (30)
Diabetes mellitus 4 (6)
WHO: World Health Organization

Table 2: Hemodynamic parameters of patients (before 
pulmonary endarterectomy)

Hemodynamic values-average
mPAP (mmHg) 48.7±14.9
RAP (mmHg) 12.2±1.1
CO (l/min) 3.6±0.7
CI (l/min/m2) 2.0±0.5
PVR (mmHg × min/l) 11.4±4.5
SVR (mmHg × min/l) 23.4±5.1
PVR/SVR 0.41±0.31
Data are presented as mean±SD. mPAP: Mean pulmonary artery pressure, 
RAP: Right atrial pressure, CO: Cardiac output, CI: Cardiac index, 
PVR: Pulmonary vascular resistance, SVR: Systemic vascular resistance, 
SD: Standard deviation Table 4: Patient’s echocardiographic values at pulmonary 

endarterectomy before (1) and after  (2)

n Minimum Maximum Mean±SD
EF1 62 50,00 80.00 64.73±7.06
EF2 62 50.00 80.00 64.50±6.94
TAPSE1 62 7.00 21.00 12.11±3.47
TAPSE2 62 7.00 27.00 14.30±3.96
RVS1 62 6.00 15.00 9.30±2.52
RVS2 62 7.00 13.00 10.24±1.94
MPI1 62 0.23 1.50 0.64±0.24
MPI2 62 0.24 0.85 0.49±0.16
TRGRA1 62 1.00 3.00 2±1
TRGRA2 62 0 2.00 1±1
SPAB1 62 32.00 127.00 83.07±27.50
SPAB2 62 15.00 67.00 32.34±13.39
RA1 62 10.00 41.00 25.42±8.68
RA2 62 11.00 33.00 17.72±5.50
RVED1 62 32.00 52.00 41.66±5.43
RVED2 62 28.00 41.00 34.92±3.98
SD: Standard deviation, EF: Ejection fraction, TAPSE: Tricuspit annular 
plane systolic excursion, RVS’: Right ventricle systolic wave (cm/s), 
MPI: Myocardial Performance Index, TRGRA: Tricuspit regurgitation 
grade, sPAB: Systolic pulmonary artery pressure (mmHg), RA: Right 
atrium area (cm2), RVED: Right ventricle end diastolic diameter (cm)

Table 3: Patient’s electrocardiography comparison 
between baseline  (1) and 6 month  (2)

Mean±SD SEM 95% CI of the 
difference

P

HR1 ‑ HR2 17.61±−1.54 3,16 −8.01 0.628
PR1 ‑ PR2 34.69±18.54 6.23 5.82 0.006
QRS1 ‑ QRS2 19.89±5.96 3.57 −1.32 0.105
Pwidth1 ‑ Pwidth2 0.72±0.01 0.13 −0.24 0.902
PD21 ‑ PD22 27.07±12.93 5.02 2.63 0.016
PaVL1 ‑ PaVL2 28.29±6.72 5.25 −4.03 0.211
PV51 ‑ PV52 24.44±2.83 4.46 −6.29 0.531
QTD21 ‑ QTD22 53.43±1.06 9.92 −19.25 0.915
QTaVL1 - QTaVL2 42.29±−4.55 7.85 −20.64 −0.579
QTV51 ‑ QTV52 53.32±1.9 9.73 −18.01 0.847
Pdis1 ‑ Pdis2 17.66±6.2 3.27 −0.51 0.04
QTdis1 ‑ QTdis2 23.75±11.37 4.41 2.34 0.015
HR: Heart rate, PR: PR interval, QRS: QRS duration, PD2: P wave 
amplitüde in D2 derivation, PaVL: P wave amplitüde in aVL derivation, 
PV5: P wave amplitüde in V5 derivation, QTD2: QT duration in D2 
derivation, QTaVL: QT duration in aVL derivation, QTV5: QT duration 
in V5 derivation, Pdis: P wave dispersion, QTdis: QT dispersion, 
SD: Standard deviation, SEM: Standard error of mean, CI: Confidence 
interval
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Tuncer et al.[21] studied 25 patients with right ventricular 
hypertrophy without coexisting systemic hypertension, 
COPD, or PH who had emigrated from a high‑altitude 
region to a low‑altitude area 25 years previously and found 
that QT was significantly higher than in a healthy control 
group. Martin et al.[22] found that QT was prolonged (defined 
as  ≥0.45 s) in two of 25  patients with right ventricular 
hypertrophy without other coexisting disorders but was 
not statistically significant in comparison with a healthy 

control group. Akgül et  al.[23] found that among patients 
with sickle cell disease, those with PH had significantly 
higher mean QTd than patients without PH. We discovered 
that QT dispersion changed a great deal at 6 months after 
surgery. Thereby, we believe that PEA may be diminished 
the risk of malign arrhythmia. QTc dispersion was found 
to be higher in patients without PEA than in a patient with 
PEA, and increased QT dispersion was not correlated with 
echocardiographic parameters in our study. This might be 
originated from our trial population is small.

Prolonged P‑wave duration and increased P‑wave dispersion 
are reported to carry an increased risk for atrial flutter or 
fibrillation.[24] Many studies[25‑27] have shown that many 
diseases, such as PAH, bronchial asthma, diabetes mellitus, 
and acute rheumatic fever, in which the heart may be 
affected, exhibit a significantly longer P‑wave duration. 
Large prospective clinical trials have shown that chronic atrial 
dilatation is an important and independent risk factor for the 
development of atrial fibrillation.[28] In our study, there was a 
definite correlation between the MPI2‑RVS2’ (2: After PEA) 
and Pdis1  (1: Before PEA).The right ventricular systolic 
function may be increased as atrial stretch and preload decrease 
at the term of after operation.

We are aware that this study has some limitations. Foremost 
of these was a sample size smaller than that expected for a 
prospective cross‑sectional study. The patients without PAH 
were determined by echocardiography alone, and right heart 
catheterization was not deemed to be ethical for these patients. 
This study should have an adequate number of patients in the 
mild, moderate, and severe groups to determine the correlation 
between the pulmonary artery pressure and dispersion durations.

Conclusions

Atrial and ventricular arrhythmia risks were found to be 
high in patients with PAH due to prolonged dispersion 
durations of P‑wave, QT, and QTc. Further studies and 
multicentered studies are needed to enable an understanding 
of the underlying mechanisms and the diagnostic values of 
these electrophysiologic parameters. Physicians should pay 
close attention to possible atrial and ventricular arrhythmias 
during the clinical follow‑up assessment and treatment of 
these patients.
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Introduction

Atrial septal defects (ASDs) are among the most common 
congenital heart disease.[1] ASD can be closed either 
surgically or with a transcatheter device; however, 
transcatheter strategy as a less invasive procedure, it has 
become the accepted treatment in patients with appropriate 
anatomy.[2] The outcomes of percutaneous ASD closures 
have been compared with surgical closures. It has been 
shown that transcatheter ASD closure is as effective as 
the surgical ASD closure.[3,4] Since transcatheter closure is 
commonly used in ASD, it is important to examine its cost 
as an important dimension of comparative effectiveness. 
Many small studies have previously reported that ASD 
closure is generally associated with lower hospital costs 
than that of surgical ASD closure.[5‑7] However, recently, it 
has been shown that surgical or transcatheter ASD closure 
has diversity regarding hospital costs between individual 
centers.[8] We aimed to compare the costs of transcatheter 
and surgical ASD closure in Turkey.

Materials and Methods

This is a retrospective study that included patients 
with a diagnosis of secundum ASD who were treated 
by transcatheter occlusure or surgical closure between 
December 2006 and September 2015. Our study’s Ethics 
Committee and Institutional approval were obtained from 
Izmir Katip Çelebi University. For a proper cost evaluation, 
ASD patients with other concomitant congenital anomalies 
and those who underwent additional procedures such as 
percutaneous transcatheter coronary intervention, coronary 
bypass surgery, or valve operation were excluded from this 
study. Therefore, 214  patients with transcatheter closure 
and 77 patients with surgical closure were included in the 
study. Patient demographics, hospital length of stay (LOS), 

Introduction: We compared transcatheter and surgical closure of secundum atrial septal defects  (ASDs) in terms of cost in this study. 
Materials and Methods: Between 2006 and 2015, 291 consecutive patients having secundum ASD, in whom percutaneous or surgical 
closure was performed, were included in this study. We compared the in‑hospital cost of transcatheter versus surgical ASD closure in these 
patients. Results: We collected totaly 291 patients, 214 transcatheter and 77 surgical closure procedures, retrospectively. Patients with a 
surgical closure had a longer length of stay (11.8 ± 3.8 days vs. 2.8 ± 1.6 days, P < 0.001). There was no in‑hospital mortality in two groups. 
Costs denominated in Turkish lira (TL) and United States Dollar (USD) of transcatheter closure were higher than that of surgical closure (TL 
10955.6 ± 183.4 vs. TL 6016.7 ± 371.9 P < 0.001; USD 6531.2 ± 149.62 vs. USD 3896.2 ± 234.7 P < 0.001). The cost of percutaneous ASD 
closure increase does not correlate with the dollar rate on the annual basis. This with the supplier firms has excessive profits in the first year 
of the study. Conclusion: Compared with other countries with regard to cost, transcatheter ASD closure is a more expensive treatment than 
surgical closure in our country.
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and total charges were evaluated using the hospital records. 
The complaints on application or presenting symptoms 
were dyspnea, palpitation, recurrent stroke, and chest 
pain. Concomitant valve diseases were mild‑to‑moderate 
pulmonary regurgitation/stenosis, tricuspid regurgitation, 
and mitral regurgitation.

The percutaneous ASD closure procedure was performed 
under general anesthesia using ASD closure device in 
accordance with the techniques described in the literature.[9] 
The patients undergoing surgical treatment were operated 
under general anesthesia using the standard approach. The 
right atrium was opened following median sternotomy, and 
the ASD was closed with a primary suture or pericardial patch 
under cardiopulmonary bypass. Only one patient underwent a 
minithoracotomy without sternotomy. The patients were fully 
informed of the treatment options, which were decided on with 
the heart team and patients.

Bleeding complications were divided into two categories. 
Major bleeding was defined as the need for transfusion 
of >2 units of erythrocyte suspension; otherwise, it was minor 
bleeding. Minimal leakage was defined as leakage without 
associated hemodynamic complications.

The cost data were obtained directly from the accounting and 
resource departments of our hospital. This is a government 
hospital; there are no items invoiced from outside, and all cost 
items are invoiced to a reimbursement agency. All prices were 
calculated in Turkish lira (TL) and converted to the United 
States dollars (USD) based on the exchange rate given by the 
Central Bank of the Republic of Turkey on the invoice date.[10] 
Considering the cost analysis of the study, the period from the 
day of the patients’ hospitalization to the day when they were 
discharged was assessed. In terms of the study perspective, 
our work is a direct cost analysis based on the reimbursement 
agency (Social Security Institution).

Results

Of 291 of the included patients, 214 underwent transcatheter 
procedures and 77 underwent surgical closure. The baseline 
clinical and demographic characteristics of the two groups 
are demonstrated in Table  1. There was no difference in 
terms of sex, age, or comorbidities between the two groups. 
The presenting symptoms were similar in the groups. The 
surgical closure group had longer LOS (11.8 ± 3.8 days vs. 
2.8 ± 1.6 days, P < 0.001). There was no in‑hospital mortality 
in either groups. The number of concomitant valve diseases 
was higher in the surgery group (P < 0.05) [Table 1].

Periprocedural complications are presented in Table 2. Minimal 
leakage after the procedure was seen in 7% of the patients 
treated with transcatheter closure. Device embolization was 
observed in three patients, and reintervention was performed. 
Dehiscence was seen in three patients after the procedure, 
and surgery was performed in these patients. In addition, 78% 
of the transcatheter patients underwent balloon sizing. The 

Amplatzer occluder device was used in 55%, Cardi‑O‑Fix 
occluder device was used in 42%, and BioSTAR occlude 
device was used in 3% of the patients. The surgical closure 
was performed with primary suture in 53%, and patch usage 
for closure was in 47% of patients. Both major and minor 
bleeding were more common in the surgery closure group than 
in the percutaneous closure group (9% vs. 3%, P < 0.05 and 
5% vs. 0%, P < 0.05, respectively). The rate of pneumothorax 
requiring surgical intervention was higher in patients treated 
with surgery [Table 2].

The procedural success rate was similar between the 
percutaneous closure and surgical closure groups  (95% vs. 
99%, P = 0.139). In this study, the cost of transcatheter closure, 
denominated in TL and USD, was higher than that of surgical 
closure (TL 10 955.6 ± 183.4 vs. TL 6016.7 ± 371.9, P < 0.001; 
USD 6531.2 ± 149.62 vs. USD 3896.2 ± 234.7, P < 0.001) 
[Figures 1 and 2]. The increase in the cost of percutaneous 
ASD closure did not correlate with the USD/TL exchange 
rate on an annual basis.

Discussion

Following the first percutaneous ASD closure procedure, 
parallel to the developing technology, this technique has 
become an alternative to surgical therapy in the appropriate 

Table 2: Procedural complications

Variable Transcatheter 
ASD closure-

(n=214), n (%)

Surgical ASD 
closure-(n=77), 

n (%)

P

Periprocedural shunt 15 (7) 0 0.016
Bleeding 4 (1.4) 50 (61) <0.01
Pleural effusion 0 2 (2.4) 0.065
Pericardial effusion 6 (3) 11 (14) <0.01
Pneumothorax 0 2 (2.4) 0.019
Arrhythmia 5 (2.4) 0 0.393
Repeat operation 1 (0.4) 0 0.544
ASD: Atrial septal defect

Table 1: Baseline clinical characteristics of patients

Variable Transkateter 
kapatma (n=214)

Cerrahi kapatma 
(n=77)

P

Age (years) 36.5±14.7 33.2±13.8 0.082
Sex (male/female) 68/146 20/57 0.400
Hypertension, 
n (%)

28 (13) 6 (7) 0.197

Diabetes mellitus, 
n (%)

9 (4) 2 (2) 0.507

Chronic renal 
failure, n (%)

1 (0.4) 0 0.544

Complaint on 
application, n (%)

Dyspnea 100 (45) 48 (59) 0.094
Palpitation 44 (20) 18 (22)
Recurrent stroke 2 (1) 0
Chest pain 2 (1) 0
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direction.[11] The outcomes of percutaneous ASD closure have 
been compared with those of surgical closure. It has been 
shown that transcatheter ASD closure is as effective as surgical 
ASD closure.[3,4] However, the results of cost‑effectiveness 
analysis for ASD closure are still considered controversial. In 
a Guatemalan study by Vida et al.,[12] surgery costs 3.330 USD, 
while percutaneous closure costs 4.521 USD. Moreover, 
in Thomson et  al.’s[5] study from the United  Kingdom, 
the surgical procedure cost was 5375 Sterling, while the 
percutaneous procedure cost was 5.412 Sterling. Conversely, 
a study carried out in the United States, by O’Byrne et al.,[13] 
reported that the cost of operative closure was 60.992 USD, 
while that of transcatheter closure was 55.841 USD. From 
the USA again, Ooi et  al.[14] reported that the costs of the 
transcatheter procedure were lower than those of surgical 
closure (mean of 19.128 USD vs. 25.359 USD). In a Canadian 
study, Mylotte et al.[7] reported that the cost of surgical closure 
costs 15.304 Canadian Dollars, while it costs 11 060 Canadian 
Dollars for the transcatheter closure group.

Based on the previous studies, transcatheter closure has lower 
costs compared with surgical closure. However, from Turkey, 
Ayık et al.[15] reported that the median cost was significantly 
higher in the percutaneous group (10.698 TL vs. 5.572 TL). In 
this study, we found that the cost of transcatheter closure was 
higher than that of surgical closure (TL 10.955.6 ± 183.4 TL vs. 
6.016.7 ± 371.9 TL, 6.531 2 ± 149 62; USD vs. 3.896.2 ± 234.7 
USD, P < 0.001). The most noticeable finding was that, while 
the USD/TL exchange rate increased from 2006 to 2015, 
the cost denominated in TL for ASD closure devices did not 
increase concordantly.

Transcatheter closure has a higher price than surgical closure 
because an imported device is not used in the surgical option, and 
the operation fee is the main cost. For transcatheter closure, the 
main cost is the imported device for this procedure. However, in 
both surgical and transcatheter closures the fee paid to doctors 
for the operation is too low, i.e. 20%–25% of the total cost. To 
import an ASD occluder device depends to foreign exchange 

rate, and the low value of the TL in foreign exchange is the 
first reason for the high prices in Turkey; the other and most 
noticeable reason is that, while the USD/TL exchange rate had 
been increasing from 1.03 to 3.03 in 2006–2015, the TL‑based 
transcatheter ASD closure versus surgical ASD closure costs 
were as nearly the same. This shows that importer companies 
had high profits in the first few years [Figures 1 and 2].

Study limitations
Even in prospective studies, because the earnings of people can 
be in very large spectrum, it is difficult to standardize the cost 
of lost work. This is a short-term and retrospective study, so the 
main limitation of our study is that we could not reach the datas 
about patients’ cost of labor loss. Therefore, we cannot know 
whether the cost difference between surgical and percutaneous 
ASD closure will be different in the long‑term period.

Conclusion

Compared with the europian countries, the high cost of 
imported closure devices and supplier firms’ high profit rates 
in the percutaneous group conversely for the surgical group,  
lower doctor fees in Turkey and no need to imported device, 
in Turkey surgical closure becomes more cost-effective than 
transcatheter closure.
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Abstract

Case Report

Introduction

Degenerative aortic stenosis is the most commonly acquired 
valvular heart disease in adults, with a prevalence of 4% in 
patients over 80 years of age. In symptomatic patients, surgical 
aortic valve replacement has been the treatment of choice 
for 40 years.[1] However, especially for the older ages, up to 
30%–60% of cases are considered too high risk for open‑heart 
surgery.[2‑4] Transcatheter aortic valve implantation (TAVI) has 
been introduced in 2002 by Cribier et al. to treat older surgical 
high‑risk patients with severe symptomatic aortic stenosis.[5]

The EuroSCORE and Society of Thoracic Surgeons  (STS) 
score are the most widely used risk scores to predict operative 
mortality in cardiac surgery.[6]

Case Report

The patient with severe aortic stenosis was hospitalized; 
after a multidisciplinary discussion by the heart team, the 
patient was planned for TAVI using the Edwards SAPIEN 
valve through a transfemoral approach  [Figure 1]. When 

this procedure was administered, the patient was morbidly 
obese with 40.8 body mass index (BMI). After 5 months, 
she was admitted to our hospital with severe dyspnea and 
decreased effort capacity that worsened day by day. Her 
medical therapy was started immediately and evaluated 
for the reason. During her examination, echocardiography 
revealed us a severe aortic regurgitation due to dislocation 
of the vale to the left ventricular outflow tract. After 
hemodynamic stability facilitated, she was taken to 
laboratory and 26 mm CoreValve Evolut R was implanted 
as valve‑in‑valve technique  [Figures  2 and 3]. No acute 
complication occurred; after 5‑day hospitalization, she 
was discharged. At the second administration, her BMI was 
29.2; she lost 29 kg in 7 weeks, which can be the cause of 
valve migration.

Transcatheter aortic valve implantation (TAVI) is a novel method for patients with severe aortic stenosis at high surgical risk. Although short‑ and 
medium‑term outcomes after TAVI are encouraging, long‑term data on valve function and clinical outcomes are limited. Hence, our case can make a 
contribution to literature. An 80‑year‑old patient with severe aortic stenosis underwent TAVI in our clinic in October 2015. After 5 months, she admitted 
to our emergency department with severe dyspnea. Her symptoms were started within 2 days and getting worse day by day. Echocardiography revealed 
us a severe aortic regurgitation due to dislocation of the valve to the left ventricular outflow tract side. After diagnosis, aortic regurgitation was treated 
by valve‑in‑valve technique. TAVI may provide an alternative therapeutic approach to ineligible or poor surgical candidates of degenerative aortic 
stenosis. However, this technique also has some complications such as mortality, atrioventricular (AV) block, stroke, and coronary obstruction. Valve 
embolization is an another rare complication of this procedure and usually can be prevented by careful preprocedure annulus measurements, stable lead 
positioning for rapid pacing, optimal valve positioning, full balloon inflation at the time of valve deployment, and complete balloon deflation before 
stopping rapid pacing. At this point, our case became important for the complication literature with its time, about 5 months. Because it is the more 
recently used technique, we need much more time to detect the usefulness and complications of TAVI and learn how to avoid these complications.
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Discussion

The recently introduced Valve Academic Research Consortium 
1[7]and 2[8] criteria may help to standardize the documentation 
of postoperative complications such as myocardial infarction, 
stroke, bleeding, acute kidney injury, vascular complications, 
and valve performance, as well as the risk of mortality. 
Malpositioning, valve migration/embolization, conversion to 
open surgery, renal failure, need for pacemaker implantation, 
stroke, and myocardial infarct are other major complications 
following TAVI.[9] Blocking the coronary ostia and limiting 
the anterior mitral leaflet mobility and atrioventricular (AV) 

conduction system are some frequently encountered 
perioperative complications.[10]

Prosthesis embolization immediately after deployment is 
usually the result of prosthesis/annulus mismatch (implantation 
of a prosthesis which has been undersized for the annulus), 
unduly high implantation, or ejection of the device by 
an effective ventricular contraction during deployment. 
Embolization to the aorta is usually well tolerated provided 
coaxial wire position is maintained, preventing the valve from 
flipping over to obstruct antegrade flow.

Retrograde migration of the prosthetic valve following TAVI is 
rare. It can occur during the procedure, within the first few days 
after the procedure or subsequently. The first step in developing 
a solution is to identify the contributing factors for migration. 
These range from prosthesis malpositioning  (i.e.,  too low), 
suboptimal valve expansion, and uneven or insufficient 
aortic annulus calcification, leading to inadequate prosthesis 
fixation, aortic paravalvular regurgitation, valve undersizing, 
and anatomical or functional bicuspid valves.

Transcatheter heart valve  (THV) migration into the left 
ventricle has been described 2–43 days after deployment and 
is associated with cardiogenic shock or disruption of mitral 
valve function. Mechanisms responsible for downward THV 
migration can include native leaflet overhang postdeployment, 
exerting downward force on the THV, or limited anchoring 
of the THV from low deployment in a relatively large and 
nonseverely calcified annulus or from deployment of a THV 
that is too small for the native aortic valve annulus. Although 
rare, delayed THV migration should be suspected when there 
is a worsening of the patient’s clinical status or unfavorable 
THV hemodynamic profile  (increasing mean gradient or 
worsening regurgitation) on follow‑up echocardiographic 
examination.

Conclusion

Because it is the more recently used technique, we need much 
more time to detect the usefulness and complications of TAVI. 
With the latest time of migration (about 150 days), our case 
became so important for the complications of TAVI.
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Abstract

Case Report

Introduction

Pulmonary thromboembolism  (PTE) is the most important 
emergencies in cardiovascular system with high rate of 
mortality without appropriate treatment.[1] The diagnosis of 
PTE is difficult, and it may be overlooked because it does 
not emerge as of a specific clinical condition. Furthermore, 
in recent years, advances in diagnostic methods have also 
increased the frequency of diagnosis of PTE. The mortality 
rate in patients with PTE who cannot be diagnosed reaches 
30%; this rate may be reduced to 3% when diagnosed and 
treated appropriately.[2] In the majority of cases, the source 
of thrombus is in the deep veins of the lower extremities, 
especially the common femoral, superficial, femoral, and 
popliteal pelvic veins.

Case Report

A 77‑year‑old woman   was admitted to the emergency 
department with complaints of acute severe dyspnea and 
cyanosis. She reported that her complaints had begun 
3  days ago. Before this event, she walked a long distance 
and done strenuous exercise. In her medical history, she 
had asthma. On admission, she was tachycardic (152 bpm), 
hypotensive (85/52 mmHg), and tachypneic (36 min−1). Her 
oxygen saturation was 88% with oxygen mask. On physical 
examination, she had right ventricular S3, 2/6 systolic murmur 
on tricuspid area, and bilateral severe crackles in both lungs. 

Her extremities were cyanotic. On electrocardiogram, 
tachycardia, atrial flutter, and right axis deviation were 
detected. Right ventricular dilation  (46  mm) and severe 
hypokinesis of the right ventricle lateral wall were observed 
on transthoracic echocardiography  (TTE). A highly erratic, 
44 cm × 19 mm‑sized worm‑like mass appearance, originating 
from vena cava inferior and freely floating in the right atrium, 
consistent with “Thrombus in Transit” (ThIT) was detected on 
TTE [Figure 1]. Furthermore, her pulmonary artery pressure 
was measured 75  mmHg. The patient was diagnosed as 
acute massive pulmonary emboli. Her blood sample analysis 
showed anemia and thrombocytopenia (hemoglobin: 10.8 g\dl 
and platelet: 1  04.000). Since she had massive pulmonary 
emboli with cardiogenic shock, we immediately decided to 
initiate thrombolytic and intravenous anticoagulant therapy. 
Reteplase (10 IU bolus dose followed by a 10 IU bolus 30 min 
after) and unfractionated heparin were given. Two hours after 
thrombolytic therapy, her blood pressure turned to normal 
ranges and her oxygen saturation was raised to 93%. Control 
TTE was performed the day after thrombolytic therapy, 
which revealed smaller right ventricular size  (39  mm) and 

Acute pulmonary thromboembolism (PTE) is a leading cause of mortality and morbidity. Observation of the right atrial thrombi is a rare 
condition, which usually accompanies to massive PTE. Urgent treatment strategies for rapid thrombus removal are mandatory in patients 
presenting with acute massive PTE. In this paper, we present a patient admitting with acute massive PTE to our emergency department, in 
whom concomitant right atrial thrombus was successfully treated with reteplase.
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lower pulmonary artery pressure (48 mmHg) with no visible 
thrombus appearance [Figure 2]. Oral anticoagulant therapy 
with warfarin was started on the 3rd day of her hospitalization. 
She was discharged on the 8th day of her admission.

Discussion

Acute PTE usually occurs from deep venous thrombosis, 
and these thrombi migrate to the lungs through vena cava 
inferior and right atrium. Entrapment of thrombi in the right 
heart, so‑called “thrombus in transit” (ThIT), is a rare finding, 
which is observed in only 4% of patients admitting with acute 
PTE. Patients presenting with ThIT in their right chambers 
are usually much more hemodynamically compromised 
than patients without ThIT.[3] Observation of ThIT directly 
confirms acute PTE diagnosis, and no other imaging modality 
is required in the early phase for determination of management 
strategy. Administration of intravenous heparin alone or rapid 
elimination of thrombus is possible treatment choice in patients 
with ThIT‑complicated acute PTE.[4] On the other hand, 90‑day 
mortality rates are significantly higher in patients treated with 
heparin alone; so, choosing a management strategy for rapid 
elimination of ThIT is highly reliable.[3]

Catheter‑based extraction, surgical removal, and thrombolytic 
therapy are possible choices for rapid elimination of ThIT. 
Since most of the patients are hemodynamically unstable, 
administration of thrombolytic therapy seems easier and safer. On 
the other hand, disconnection of the thrombi from the entrapment 
area before complete lysis of it may theoretically lead to massive 
re‑emboli. Continuous and slow infusion of thrombolytic agents 
may be preferable for getting over of this possible complication. 
There are case reports showing successful lysis of ThIT with 
streptokinase[5] and tissue plasminogen activator.[6] Both agents 
are infused continuously in a longer period when compared 
to reteplase. Reteplase is approved for the treatment of acute 
coronary syndromes, but it has also been evaluated in individuals 
with acute PTE.[7] Reteplase is the first clinically available 
modified tissue plasminogen activator produced by recombinant 
DNA technology. Reteplase preferentially activates plasminogen 
on the clot surface and is classified as fibrin specific. The 
fibrin‑specific agents have longer half‑lives (e.g., 11–19 min), 
which allow bolus administration. The recommended dose of 

reteplase is 10 U followed by a further 10 U after 30 min. Each 
injection must be given over a period of no longer than 2 min.[8] 
Reteplase also alleviates the risk of allergic reactions associated 
with the first‑generation thrombolytics. Our case report is 
demonstrating successful thrombolysis of ThIT with reteplase 
in a patient admitting with acute massive PTE.
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Figure 2: Apical four‑chamber (a) and subcostal (b) view of the same 
patient after reteplase administration. No visible thrombus is seen and the 
right heart chambers are smaller. RA: Rİght atrium, RV: Right ventricle, 
LA: Left ventricle

ba
Figure 1: Apical four‑chamber (a) and subcostal (b) views demonstrating 
highly erratic thrombus (white arrow) freely floating in the right atrium and 
protruding into the right ventricle. RA: Right atrium, RV: Right ventricle, 
LA: Left ventricle

ba
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Abstract

Case Report

Introduction

A coronary artery fistula  (CAF) is described as a direct 
connection between one or more of the coronary arteries and a 
cardiac chamber or great vessel. This is a rare abnormality and 
its definite incidence is unclear.[1] Although majority of cases 
are asymptomatic, the fistula may cause serious hemodynamic 
disturbances such as myocardial ischemia, high‑flow heart 
failure, right ventricle volume overload, endocarditis, rupture, 
thrombosis, embolism, and arrhythmias.[2] The closure is 
required for symptomatic patients and fistulas with high‑flow 
rate. Percutaneous closure is the prior technique, in the absence 
of complex conditions such as multiple fistulas and large 
fistula branches and in cases where the fistula can be simply 
reached.[2,3] We present a rare complication of coil embolization 
where the coils migrated native circumflex artery. Subsequently, 
the coils are drawled back by a snare successfully.

Case Report

A 45‑year‑old female patient was referred to coronary 
angiography due to the abnormal myocardial perfusion 

scintigraphy showing ischemia in the inferior and lateral wall. 
Her cardiovascular examination was normal. There were no 
significant findings except poor R‑wave progression on the 
electrocardiogram. Echocardiography revealed that the left 
ventricular ejection fraction was 65% and the left ventricular 
diastolic dysfunction was Grade 1. There were no serious valve 
diseases additively. Coronary angiography was performed to 
investigate ischemic origin. Coronary arteries were normal, but 
a large fistula was detected from the proximal portion of the 
circumflex coronary artery (Cx) draining into the pulmonary 
artery [Figure 1]. We assessed the patient’s status as a coronary 
steal phenomenon due to the arteriovenous shunt caused by a 
large fistula. Percutaneous closure of the CAF was considered 
and a 3  mm  ×  50 mm‑Balt coil was planned to place the 
proximal portion of the fistulized artery. Unfortunately, during 
placement of the coil, it was opened early and migrated to the 

A 45‑year‑old female patient was referred due to the abnormal myocardial perfusion scintigraphy showing ischemia in the inferior and lateral wall. 
Coronary arteries were normal, and a large fistula was detected from the proximal portion of the circumflex coronary artery (Cx) draining into 
the pulmonary artery. Percutaneous closure of the coronary artery fistula (CAF) was considered, and a 3 mm × 50 mm‑Balt coil was planned to 
place the proximal portion of the fistulized artery. Unfortunately, during placement of the coil, it was opened early and migrated to the proximal 
segment of the Cx, the left anterior descending artery, and the distal part of the left main coronary artery. A snare was moved into the extra backup 
guiding catheter immediately. The migrated coil was retrieved with the snare successfully. Subsequently, 4 mm × 12 mm and 2 mm × 25 mm‑Balt 
coils were placed in the mid portion of the fistulized artery until total occlusion was obtained. A CAF is described as a direct connection between 
one or more of the coronary arteries and a cardiac chamber or great vessel. The fistula may cause serious hemodynamic disturbances such as 
myocardial ischemia, high‑flow heart failure, right ventricle volume overload, endocarditis, rupture, thrombosis, embolism, and arrhythmias. 
Percutaneous closure is the prior technique, in the absence of complex conditions such as multiple fistulas and large fistula branches and in cases 
where the fistula can be simply reached. There have been very rare data which contain complications about the percutaneous closure of CAFs.
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proximal segment of the Cx, the left anterior descending artery, 
and the distal part of the left main coronary artery [Figure 2a]. 
A  snare was moved into the extra backup guiding catheter 
immediately. The migrated coil was retrieved with the snare 
successfully [Figure 2b]. Subsequently, 4 mm × 12 mm and 
2 mm × 25 mm‑Balt coils were placed in the mid portion of the 
fistulized artery until total occlusion was obtained [Figure 2c].

Discussion

A CAF is described as a direct connection between one 
or more of the coronary arteries and a cardiac chamber or 
great vessel. Its most commonly congenital and its definite 
incidence are unknown. However, an acquired fistula can 
be occur subsequent to chest traumas or as a complication 
of percutaneous coronary interventions and coronary artery 
bypass graft surgery.[4] Pathological mechanisms of CAFs 
include variety of theories. The presence of an accessory 
coronary artery from pulmonary artery is one of these 
theories. On the other hand, embryological hypothesis 
has been generated such as persistence of intertrabecular 
spaces and fetal sinusoids, that normally obliterate to form 
the adult coronary capillary network.[4] The right coronary 
artery is the most common origin of the CAFs with a 
frequency of 50%–60%. The prevalence of drainage sites of 
CAFs are as follows: right atrium (19%–26%), pulmonary 
artery  (15%–20.2%), right ventricle  (14%–40%), coronary 
sinus (7%), left atrium (5%–6%), left ventricle (2%–19%), 
and superior vena cava (1%).[2] In our case, a large fistula was 
detected from the proximal portion of Cx artery draining into 
the pulmonary artery.

Most CAFs are thought to be incidentally detected on routine 
examination or during coronary angiography. The left‑to‑right 
shunt or the presence of coronary steal phenomenon generally 
determines the severity of symptoms. Exertional dyspnea 
is the most common symptom with a frequency of 60% for 
the patients with CAFs. Endocarditis in the fistula  (20%), 
congestive heart failure  (19%), angina pectoris  (3%–7%), 

syncope, palpitations, myocardial infarction, cardiac 
arrhythmias, pulmonary hypertension, hemopericardium, and 
sudden cardiac death are the other clinical situations which 
have been seen in the patients with CAFs.[2]

Multidetector computed tomography and magnetic resonance 
imaging are noninvasive tools to confirm the CAF entry site 
and patency of shunt. Radionuclide studies can be opted to 
detect ischemic regions of the myocardium. If the patient has 
restricted myocardial ischemia territory (<10% left ventricular 
surface area) and is asymptomatic pharmacotherapy is 
the first‑line treatment.[5] According to the American 
College of Cardiology/American Heart Association 
guidelines, “percutaneous or surgical closure is a Class  I 
recommendation for large fistulae regardless of symptoms 
and for small‑to‑moderate size fistulae with evidence of 
myocardial ischemia, arrhythmia, ventricular dysfunction, 
ventricular enlargement, or endarteritis.’’[6] In our patient, 
the nuclear test has confirmed her symptoms with wide 
myocardial ischemia territory. Hence, we decided to closure 
of her fistula that cause of the coronary steal phenomenon.

Percutaneous closure is the prior technique, in the absence of 
complex conditions such as multiple fistulas and large fistula 
branches and in cases where the fistula can be simply reached.[2,3] 
In addition, excessive vessel tortuosity and lumen diameter are 
determinative parameters for surgical closure. Steel coils, umbrella 
devices, and covered stents are utilized for percutaneous closure 
of the CAFs. The selection of device and technique depend on the 
anatomical properties of the fistula which contain age and size of 
the patient, size of the occluded vessel, and catheter support for 
tortuosity.[2,4] We consider the patient’s fistula characteristics and 
choose coil embolization through femoral approach.

In the literature, there have been very rare data which 
contain complications about percutaneous closure of CAFs. 
Armsby et al., have reviewed the results of percutaneous 
closure in 45 patients.[7] Unretrieved device embolization to 
tricuspid valve or distal pulmonary artery were seen about 

Figure 1: A large fistula which was draining into the pulmonary artery 
from the proximal portion of circumflex coronary artery

Figure  2:  (a‑c) The migrated coil  (a). Retrieving of the migrated coil 
with the snare  (b) Embolization of the fistulized artery with Balt coils 
successfully (c)

a b

c
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four patients in their study. Furthermore, there was only one 
procedure‑related death (2.2%) due to embolization of a coil, 
the left Cx artery that led to the left Cx artery dissection.

Conclusion

Even if the coils do migrate, they can be retrieved with 
snares. This case shows the unexpected complication of 
percutaneous closure of CAFs and successful management of 
this complication using a snare.
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