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Objectives: The objective of thepresent studywas to compare the long termoutcomes of balloon angioplasty (BA)
versus drug-eluting stents (DES) in bare-metal stent in-stent restenosis (BMS-ISR).
Background: Coronary in-stent restenosis (ISR) remains a significant clinical problem. Long term results after
management of ISR may help improve treatment strategies.
Methods: We assessed 5-year clinical outcomes in cohort of 269 patients with BMS-ISR treated with DES (n =
154) and BA (n = 115) between June 2007 and January 2010 at our institution.
Results: Clinical and demographic characteristics were similar for both groups. Mehran classification was used to
classify ISR lesions. BA were used predominantly in classes I and II, whereas classes III and IV were treated with
DES (p b 0.0001). Percentages of major adverse cardiovascular events (MACE) including death, myocardial in-
farction (MI) and target vessel revascularization (TVR) for 4.37 ± 1.1 years were 50.4% and 31.8% for the BA
and DES groups, respectively (p= 0.002). Although patients in the BA group had significantly higher rates of re-
current angina (42.6% vs. 27.3%, p = 0.009) and TVR (37.4% vs. 20.8%, p = 0.003), MI (6.1% vs. 5.2%, p = 0.752)
and cardiac death (21.7% vs. 16.2%, p=0.251)were similar in both groups.MACE-free 1-year survival and 5-year
survival rates were significantly higher in DES group compared to BA group (1 year survival: 91.6% vs. 71.3
p b 0.001, and 5 year survival: 68.2% vs. 49.6%, p b 0.0001, respectively).
Conclusions:AlthoughDESweremore frequently used in to treat complicated lesions in patientswith ISR, follow-
up MACE rates were significantly lower and MACE-free survival was significantly better in the DES treated
patients.
© 2016 The Society of Cardiovascular Academy. Production and hosting by Elsevier B.V. All rights reserved.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Development of bare metal stents (BMS) has become a major ad-
vancement in the treatment of coronary artery disease. BMS reduce re-
stenosis rates by attenuating arterial recoil and contraction as compared
to balloon angioplasty. However, in-stent restenosis (ISR) still occurs in
approximately 10–20% of cases.1 Despite high rates of restenosis, BMS
are widely used for treating coronary artery disease.2 Treatment of ISR
remains a major challenge for clinicians. There are many treatment op-
tions for patients having ISR like recurrent balloon angioplasty (BA),
drug-eluting stents (DES) or BMS, cutting balloon angioplasty, direc-
tional coronary atherectomy, rotational coronary atherectomy and vas-
cular brachytherapy.3–6 Although vascular brachytherapy is an effective

treatment of ISR, it requires additional personnel, training and equip-
ment. BA may be preferred in patients with contraindications for dual
antiplatelet therapy (DAPT). Weintraub et al. showed that restenosis
that developed following successful BA has no adverse effect on long-
term survival.7

In this study, we compared the long term results of new-generaton
DES with those of BA in patients presenting with BMS-ISR.

Material and methods

Patients

We analyzed clinical and angiographic data of patients who
underwent PCI in our institution between June 2007 and January
2010. A total of 398 patients developed BMS-ISR during the study peri-
od. Of the 398 patients, 88 hadDES-ISR, 11patients underwent coronary
artery bypass graft surgery, 9 patients underwent hybrid coronary re-
vascularization, 3 patients refused percutanous intervention, and 18 pa-
tients were lost to follow-up. The remaining 269 patients who were
treated with balloon angioplasy or DES enrolled in the study. Patients
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were assigned to balloon angioplasty group (115 patients) or DES group
(154 patients). Fig. 1 shows diagram of patients included and excluded
in the study. Follow-up for all patients was continued until July 2013.
The study was approved by the local ethics committee.

Clinical and laboratory evaluation

A medical history was taken from each patient, followed by a phys-
ical examination. Patient data were extracted from electronic medical
records. The collected data included patient demographics, clinical
characteristics, risk factors (arterial hypertension, diabetes mellitus,
smoking, family history of coronary artery disease, dyslipidemia), med-
ications, previous invasive cardiac procedures and echocardiographic
findings including left ventricular ejection fraction (LVEF). Patients
were excluded if they had active infection, anemia, renal failure, hepatic
disease and thyroid function abnormalities. Patients received DAPT for
four weeks after BMS implantation. Coronary angiography was per-
formed to define coronary anatomy in patients who developed anginal
symptoms, unstable angina, myocardial infarction (MI) and ischemic
findings on nonivasive testing.

Coronary intervention

Coronary interventions were performed according to current prac-
tice guidelines and the results were recorded digitally for quantitative
analysis. Degree of coronary stenosis was estimated visually by two
experienced interventional cardiologists.

Definitions were based on predetermined criteria.

a- ISRwas defined as N50% narrowing of the lumen diameter according
to the results of follow-up coronary angiographies.

b- The Mehran and American College of Cardiology/American Heart
Association classifications were used to assess lesion shape.8 The
classification is based on the length and pattern of the restenotic
lesion in relation to the stented portion of the vessel. Four types
of ISR have been defined: (I) focal (≤10 mm length); (II) diffuse
(ISR N 10 mm within the stent); (III) proliferative (ISR N 10 mm
extending outside the stent); and (IV) occlusive ISR.

c- Target vessel revascularization (TVR) was defined as repeat
percutanous coronary intervention within the index procedure
stent or 5 mm edge.9–10

d- All deaths were considered to be cardiac related unless a clear non-
cardiac cause could be established.

e- The diagnosis of MI required 2 of the following: 1) prolonged
(N30 min) chest pain; 2) a rise in creatine kinase levels exceeding

twice the local upper normal limit value (with abnormal MB
fraction); and 3) development of persistent ischemic electrocardio-
graphic changes (with or without new pathological Q waves).11

f- The Academic Research Consortium definition was used to assess
the presence of stent thrombosis.12

g- Significant coronary stenosis was defined as 50% narrowing of the
lumen diameter in major epicardial coronary vessels.13

All patients received clopidogrel (300 to 600 mg) at least 6 h before
the stent implantation. They also received weight-adjusted intravenous
heparin before the intervention. Procedural success was defined as re-
duction of stenosis to less than 10% residual narrowing, with improve-
ment in ischemic symptoms and without major procedure related
complications: death, emergency bypass surgery, or myocardial
infarction (defined to be greater than twice the increase in creatine
kinase-MB levels).14

Drug eluting sirolimus stent or drug eluting paclitaxel stent was
used instent restenosis. Balloon size was selected in order to achieve
a final balloon-to-artery ratio of 1.1/1. Relatively high pressures
(N12 atm) were recommended.

The patients were premedicated with aspirin 100mg/day, and were
given clopidogrel (loading dose of 300 to 600mg) at least 6 h before the
intervention. The patients were advised to stay on clopidogrel for one
year after stent implantation. All patients received optimal medical
therapy.

The decision between BA and DES implantation aswell as the choice
between DES, BA or medical treatment in cases of recurrent restenosis
were left to the operator. Patients in the DES group received DAPT for
one year, whereas patients in the BA received aspirin only.

Intraobserver and interobserver variabilities of ISR analysis were
assessed in a subset of 50 patients. Interpretations of the two investiga-
tors on the presence or absence of ISR agreed in 92% and 95% respective-
ly. Intraobserver variability was assessed by one investigator. The
concordance rate of the two readings for the presence or absence of
ISR was 94% and 95% respectively.

Statistical analysis

Continuous variables are expressed as mean ± SD. Categorical vari-
ables are expressed as percentages. To compare parametric continuous
variables, Student's t-test was used; to compare nonparametric contin-
uous variables, the Mann Whitney U test was used; and to compare
categorical variables, chi-squared test was used. Multivariate logistic
regression analysis was carried out to identify the independent
predictor of MACE. Event-free survival curves were generated by the

Fig. 1. Patient and treatment group profile. BMS ISR; bare metal in-stent restenosis, DES; drug eluting stent, DES ISR; drug eluting stent in-stent restenosis, ISR; instent restenosis.
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Kaplan–Meier method and differences in survival rates were compared
using log-rank test. All variables showed significance values less than
0.05. Two-tailed P values less than 0.05 with a confidence interval of
95% were considered as significant. All statistical studies were
performed by using the SPSS program (version 22.0; SPSS Inc., Chicago,
Illinois, USA).

Results

Baseline clinical and demographic characteristics were similar in
both groups. There was no difference between the two groups in
terms of age, sex, hypertension, hyperlipidemia, diabetes mellitus,
smoking, LVEF and in-hospital medical treatment. Table 1 shows the
clinical characteristics of the patients.

The indications for stenting were similar in both groups. Elapsed
time between stent implantation and ISR intervention was 9.8 ±
9.3 months. There were no statistically significant differences between
the two groups in terms of lesion type and stent length. Compared
with BA group, DES group had more LAD lesions involved and larger
stent diameter (Table 2). BAwas used predominantly in class I and II le-
sions, whereas class III and IV lesionswere treatedwithDES. Repeat cor-
onary angiography was performed at 9.3 ± 8.7 and 13.8± 10.5 months
(p = 0.03) in BA and DES groups, respectively. Patients in the BA and
DES groups were followed-up for 51.05± 12.7 and 54.5 ± 13.9 months
(p = 0.147), respectively. Procedural and angiographic variables are
shown in Table 2.

At one-year follow-up, patients in theDES group showed significant-
ly lower MACE and TVR. MI and mortality rates were not significantly
different between two groups. 1-year follow-up results are given in
Table 3.

A mean of 5 years follow-up resulted in a significantly higher com-
posite of MACE including death, MI and TVR, recurrent angina and
TVR in BA group than those in the DES group. Cardiac mortality and
MI rates were similar in both groups. TVR for recurrent restenosis oc-
curred earlier in the BA group than that in the DES-group. Numbers of
repeated target lesion and restenosis rate were both higher for the BA
group than for theDES group. The incidence of definite stent thrombosis
was similar in both groups. Of all six patients with stent thrombosis,
four had stopped antiplatelet therapy prior to elective surgery and
only two patients were on DAPT. Five-year follow-up results are given
in Table 4.

Fig. 2 shows the 5-year event-free survival of the patients. MACE-free
1-year survival and 5-year survival rates were significantly higher in DES
group compared to BA group. There was a progressive decrease in LVEF
and renal function in BA group compared to DES group. However, these
differences were not statistically significant.

Table 5 shows the results of the multivariate analysis to identify the
predictors of MACE. Diabetes, lesion type, treatment device (BA or DES)

Table 1
Patients' clinical characteristics.

BA DES p

Male, n (%) 91 (79.1%) 134 (87%) 0.08
Age, (years) 61.6 ± 11.0 61.7 ± 10.8 0.967
LVEF (%) 64.1 ± 9.3 66.4 ± 8.7 0.63
Current smoker, n (%) 54 (47%) 68 (44.2%) 0.648
Family history of CAD, n (%) 40 (34.7%) 55 (35.6%) 0.40
Diabetes mellitus, n (%) 57 (49.6%) 64 (41.6%) 0.192
Hypertension, n (%) 65 (56.5%) 77 (50%) 0.550
In-hospital medical treatment, n (%)
ACE-I/ARB
Beta blocker
Calcium channel blocker
Statins

47 (41%)
63 (55.1%)
20 (17.4%)
64 (56%)

77 (50%)
91 (59.2%)
26 (17.1%)
83 (54%)

0.645
0.26
0.30
0.13

Fasting glucose, (mg/dL) 101 ± 10 89 ± 11 0.50
HDL-C, (mg/dL) 42 ± 13 44 ± 9.9 0.24
LDL-C, (mg/dL) 140 ± 56 135 ± 28 0.41
Hemoglobin, (g/L) 13.0 ± 1.4 13.3 ± 1.4 0.60
Creatinine, (mg/dL) 0.89 ± 0.27 0.94 ± 0.30 0.08

ACE-I; angiotensin converting enzyme inhibitor, ARB; angiotensin receptor blocker, BA;
balloon angioplasty, CAD; coronary artery disease, DES: drug eluting stent, HDL-C; high
density lipoprotein cholesterol, LVEF; left ventricular ejection fraction, LDL-C; low density
lipoprotein cholesterol.

Table 2
Patients' angiographic and procedural characteristics.

BA DES p

Indication for stenting, n (%)
Stable angina pectoris
Unstable angina pectoris
Myocardial infarction

72 (47%)
33 (27%)
10 (8.6%)

91 (59%)
50 (31%)
13 (10%)

0.11
0.23
0.45

Coronary vessel treated, n (%)
LAD
LCX
RCA
Number of treated coronary artery,
n ≥ 2

43 (40.6%)
26 (24.5%)
35(33%)
2 (1.9%)

83 (57.6%)
22 (15.3%)
31 (21.5%)
8 (5.6%)

0.01

Stent length, (mm) 18.9 ± 5.9 16.0 ± 6.6 0.05
Stent diameter, (mm) 2.70 ± 0.54 3.32 ± 0.65 0.04
Lesion morphology of the previous
procedure, n (%)
A
B1
B2
C

15 (13%)
24 (20.8%)
66 (57.4%)
10 (8.6%)

11 (7.1%)
37 (24.2%)
94 (60.9%)
12 (7.8%)

0.723

In-stent restenosis pattern by Mehran
classification, n (%)
Pattern I: focal
Pattern II: (diffuse, intrastent)
Pattern III: (proliferative)
Pattern IV: (occlusion)

42 (40.7%)
46 (39.3%)
25 (22.1%)
0 (0%)

64 (33.1%)
51 (32.9%)
20 (13%)
19 (12.3%)

b0.0001

LAD; left anterior descending artery, RCA; right coronary artery; LCX; left circumflex
artery.

Table 3
1-year follow-up results of the patients.

BA DES p

MACE, n (%) 33 (28.7%) 13 (8.7%) b0.0001
Death, n (%) 15 (13%) 11 (7.1%) 0.105
MI, n (%) 8 (7%) 10 (6.5%) 0.880
Target lesion revascularization, n (%) 23 (20%) 11 (7.1%) 0.002

MACE; major adverse cardiac events, MI; myocardial infarction.

Table 4
5-year follow-up results of the patients.

BA DES p

Follow-up duration, years 4.21 ± 1.03 4.49 ± 1.13 0.043
Composite MACE, n (%) 58 (50.4%) 49 (31.8%) 0.002
Cardiac death, n (%) 25 (21.7%) 25 (16.2%) 0.251
CABG surgery, n (%) 5 (4.3%) 6 (3.9%) 0.380
MI, n (%) 7 (6.1%) 8 (5.2%) 0.752
Recurrent angina, n (%) 49 (42.6%) 42 (27.3%) 0.009
Time to repeat revascularization
months, n (%)

8.7 ± 4.2 12.5 ± 4.4 0.02

Target lesion revascularization, n (%) 43 (37.4%) 32 (20.8%) 0.003
Repeated target lesion, n 2.0 ± 0.8 1.38 ± 0.5 0.01
Stent thrombosis, n (%) 1 (0.9%) 6 (3.9%) 0.123
Acute, n (%) 1 (0.9%) 1 (0.6%)
Subacute, n (%) 0 (0%) 1 (0.6%)
Late, n (%) 0 (0%) 4 (2.5%)
New lesion stenting, n (%) 8 (7%) 9 (%5.8) 0.711
Cardiac event free survival, n (%) 57 (49.6%) 105 (68.2%) b0.0001
Restenosis rate 44 (38.3%) 33 (21.4%) 0.003

CABG surgery; coronary artery bypass graft surgery, MACE; major adverse cardiac events,
MI; myocardial infarction.
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and Mehran classification were independent predictors of MACE in
multivariate analysis.

Discussion

Themain finding of our studywas that, at 5-year follow-up, compos-
iteMACE, recurrent angina and TVRwere significantly lower andMACE-
free survival was significantly better in the DES treated patients.
However mortality and risk of MI did not differ between two groups.
DES use was associated with lower rates of composite MACE and TVR,
although it was utilized in patients with more complicated lesions.

Coronary stent implantation is frequently performed in percutanous
coronary interventions. ISR is a major late complication following BMS
implantation, which occurs in 10–80% of lesions treated in daily
practice.8 BMS-ISR is an independent predictor of mortality.15,16 The
use of BMS is associated with high restenosis rate (up to 25%). Although
DES dramatically reduced the rate of restenosis to less than 10%,17,18 it is
associated with increased risk for late stent thrombosis and requires
prolonged DAPT.19

Any percutaneous coronary intervention causes trauma to the vessel
wall. ISR is generally viewed as a healing response after injury incurred
during stent placement. This is characterized by a sequence of inflam-
mation, granulation, extracellular matrix remodeling and smooth mus-
cle cell proliferation. These processes lead to neointimal hyperplasia.
Predictive factors of restenosis can be classified into patient-related,
lesion-related and procedure-related factors. Lesion-related factors
can be listed as vessel diameter, tortuous vessels, calcified lesions and

previous restenosis. Patient-related factors include patient age, diabetes
mellitus and genetic factors. Procedural characteristics predicting ISR
are residual dissection and length of stented segment.20

Several therapeutic options to treat ISR have been proposed, such as
repeat BA, repeat stenting, cutting balloon angioplasty, directional coro-
nary atherectomy, rotational coronary atherectomy, brachytherapy,
DES, molecular biology and genetics. BA has been used frequently, as
it is relatively inexpensive and easy to perform. DES have achieved
great success in treating patients with de-novo lesions. These findings
provide a hope for the treatment of ISR. Sirolimus and paclitaxel inhibit
smooth muscle cell proliferation andmigration in vitro and in vivo.21,22

Several studies have demonstrated that stents eluting sirolimus
(Cypher, Cordis a Johnson and Johnson Company) and paclitaxel
(TAXUS NIRx, Boston Scientific Corporation) reduce ISR.23–27 It has
been shown that oral therapy with sirolimus before and after repeat
intervention results in a significant improvement in the angiographic
parameters of restenosis.28 Paclitaxel-coated balloon catheters reduce
repeat restenosis in patients with ISR.29

In spite of insufficient data, interventional cardiologists commonly
use the stent sandwich technique to treat ISR. Final lumen cross-
sectional area is the independent predictor of subsequent ISR and TVR.
Full stent expansion with sufficient lumen area (lumen area 90% or
greater of the average reference lumen area preintervention)minimizes
restenosis. Compared to BA, coronary stenting achieved better initial
angiographic results but fails to improve restenosis rate in patients
with ISR. However, patients with large vessels (≥3 mm) have a better
outcome after repeat stenting.4

ISAR-DESIRE study randomized 300 patients with BMS ISR to treat-
ment with SES, PES and BA.30 At 1-year follow-up, the use of DES led
to significantly lower rates of TVR. DES were markedly superior to con-
ventional balloon angioplasty for the treatment of BMS-ISR. RIBS-II
compares the results of SES with those of BMS in patients with ISR.11

At 1 year, the event-free survival was better in the SES group. At
4 years, the event-free survival was 76% in the SES arm and 65% in the
BA arm (p= 0.019). Same researchers published the results of 450 pa-
tients with ISR treated with BA or repeat BMS implantation.4 In that
study, binary restenosis rate, TVR and one-year event-free survival
were similar in both groups.

In our study, MACE and TVR rates were consistent with other stud-
ies. Myocardial and cardiac deaths were similar in both groups. During
follow-up MACE rates were significantly lower and MACE-free survival
was significantly better in the DES treated patients.

Conclusions

ISR has been a longstanding problem after percutaneous coronary
intervention. The pathophysiology of ISR is multifactorial. There are
several options for therapy and treatments that should therefore be
individualized. Although DES have significantly reduced in-hospital
complications, ISR and TVR, BA compared with DES resulted in similar
rates of mortality and MI. Hence, BA may be the preferred method of
treatment. Recent advances in DES technology have allowed cardiolo-
gists to treat much more complicated lesions and have dramatically
reduced the rates of ISR and TVR.

Study limitations

Our study has several limitations. It was a retrospective analysis of
data at a single center and the number of patients was small. Discontin-
uation of medical treatment during follow-up may affect the patient
outcomes. Decision between BA and DES implantation was left up to
the operator. Another limitation was that the current funding restric-
tions in our country affected the operator preferences and resulted in
lower DES use.

Fig. 2. Kaplan–Meier analysis of the event-free survival at five years according to
treatment group.

Table 5
Multivariate predictors of composite MACE.

OR %95 CI p

HT 1.24 0.73–2.11 0.417
DM 0.466 0.291–0.843 0.003
Number of diseased coronary arteries 1.13 0.69–1.84 0.624
Lesion type 0.66 0.001
Stent length (mm) 0.993 0.948–1.04 0.779
Mehran classification 2.82 2.09–3.89 0.000
Number of stents used 0.789 0.505–1.23 0.300
Stent diameter 0.684 0.312–1.49 0.341
Treatment with BA or DES 2.18 1.32–3.59 0.002

BA, balloon angioplasty, CI; confidence interval, DES; drug eluting stent, DM; diabetes
mellitus, HT; hypertension, OR; odds ratio.
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Cardiac tamponade is a state of constriction of the heart with an excessive fluid or hematoma resulted from
various conditions. Postoperative tamponade can occur after coronary bypass surgery. Despite it is uncommon,
its results may have a high risk of mortality and morbidity. Acute postoperative cardiac tamponade reveals a
vast spectrum of symptoms. Moreover, a compression over the saphenous vein graft is the worst complication
that should be managed without delay. We report a rare case of saphenous vein graft failure due to the cardiac
tamponade following a coronary surgery and its management with a practical measure.
© 2016 The Society of Cardiovascular Academy. Production and hosting by Elsevier B.V. All rights reserved.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Acute postoperative cardiac tamponade is an uncommon but
potentially fatal complication occurred within the seven days after
cardiac surgery. 1The incidence of this entity ranged from 0.1% to 6%
and associated with preoperative or postoperative anticoagulation2.
Cardiac tamponade often presents with the reduction in blood pressure
(BP), tachycardia, increased central venous pressure, decreased urine
output and respiratory distress3. Thus, prompt diagnosis and effective
management are needed to prevent unwanted complications like circu-
latory and cardiorespiratory collapse.4 However, the recent literature
does not reveal enough publications related to the complications
and managements of cardiac tamponade following open heart surgery.
In this article, we report the management of a saphenous vein graft
compression and failure due to the cardiac tamponade. Saphenous
vein failure due to the external compression is a rare and life-
threatening complication of cardiac tamponade encountered after
coronary surgery.

Case report

A 62-year-old male was performed an urgent coronary bypass graft
(CABG) operation due to acute myocardial infarction (AMI). Right
coronary artery (RCA) and the circumflex artery (CxA) were
revascularized with saphenous vein grafts and the left anterior descen-
dent (LAD) artery was bypassed with internal mammary artery (IMA).

The operation was accomplished with no intraoperative complication.
Intensive care unit parameters were normal including chest roentgeno-
gram (Fig. 1A). However, there was a continuous bleeding through
the drain tubes. Abundant bleeding (200 ml/h) was related to the pre-
operative administration of 600 mg of Clopidogrel, which is a routine
protocol that has been applied to all AMI patients. Transfusion of throm-
bocyte, fresh frozen plasma and blood products could not restore the
hemoglobin levels. After 10 h of medical treatment, total bleeding
reached to 2000 ml. Posteroanterior chest roentgenogram showed a
widened mediastinum (Fig. 1B). Echocardiography revealed a massive
global pericardial effusion that was 30 mm on the apex and 34 mm on
the posterior segment in long axis examination. In apical four-
chamber view, diastolic dysfunction of the right atrium was observed
that was consistent with cardiac tamponade. The ejection fraction (EF)
was measured as 52% with the Simpsons method (Preoperative EF
was 54%). There was a mild hypokinesia in the posterobasal 2/3 of the
myocardiumwhich had also existed before the operation. Additionally,
electrocardiography showedmoderate depressions in D3 and AVF leads
that implicated a graft failure. BP was progressively dropped to
75/35 mmHg that made us consider chest re-exploration with the
diagnosis of cardiac tamponade. Coronary angiography was not
performed before the reoperation in this case. Circulatory collapse
necessitated an immediate reoperationwithout preceding angiography.
The patient was reopened, and the hematoma was evacuated. No
imminent surgical bleeding foci were found. However, the saphenous
vein graft of the RCA was pulseless and found to be squeezed and
thrombosed during both systole and the diastole due to the compres-
sion of massive hematoma. The graft of CxA was normal. The RCA
graft failure was thought to be caused by the cardiac tamponade as
the ECG of the patient had been otherwise normal until the cardiac
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tamponade clinic was started. Although a thrombectomy was initially
performed to the RCA graft using Fogarty catheter, circulation and
pulsation could not be restored. Failed graft was decided to be replaced.
A new saphenous vein graft was harvested and interposed between the
proximal portion of the CxA graft and the distal part of the failed RCA
graft (Fig. 2). ECG revealed a dramatic improvement in inferior leads
and the BP was increased. The patient was extubated on the sixth
hour postoperatively and discharged on the seventh day after surgery
with a normal chest roentgenogram (Fig. 1C).

Discussion

Surgical re-exploration due to bleeding after cardiac operations
accompanies with various complication affecting the postoperative
course and leads to increasedmortality andmorbidity.5 However, post-
poning the timing of reoperation despite the symptoms of cardiac
tamponade also presents a risk when the delay creates a hemodynamic
instability and increases the need for the excessive amount of allogeneic
blood products.6

Cardiac tamponade is the collection of fluid in the pericardial cavity
and compression of the heart causing hemodynamic instability due to
the compromised contractility.7 In all types of cardiac tamponade,

including the tamponade after cardiac surgery, the mediastinum
stretches to accommodate the increased volume. When the expansion
capacity of the mediastinum is no longer available, intrapericardial
pressure starts to rise. If this pressure exceeds the intracardiac pressure,
the contractile capability of the heart diminishes.4 This increased
pressure may also cause a compression over the vein grafts as in this
case. The consequences may vary from the transient collapse of the
vein graft to total obstruction as a result of graft thrombosis. In the
event of a graft failure after the cardiac tamponade, aortocoronary
bypass should inevitably be renewed. However, conducting this
reoperation under the extracorporeal circulation may cause further
impairment of the myocardium. Thus, instead of the constitution of a
re-arrest, the off-pump CABG choice should be taken into consideration
if possible. As we present in this report, a new graft may easily be
implanted between the other intact graft and the failed graft. This
preference not only protects the patient from an extensive reoperation
but also enables the surgeon to perform the revascularization easily,
fastly and practically with a reduced risk of mortality.

Early graft failure (within the first 30 days after surgery) is seen in
approximately 5 to 10% of saphenous vein grafts. These occlusions
may be due to thrombosis that is related to technical problems at the
anastomosis or the injury due to the manipulation during harvesting.8

Fig. 1. Chest roentgenogram (A) Early postoperative (B) Cardiac tamponade (C) After reopening.

Fig. 2. A new saphenous vein graft was interposed between the two previous saphenous vein grafts.
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The risk of early graft occlusion appears to be reduced by starting
Acetylsalicylic acid therapy, which is typically started within six hours
following surgery.

As a conclusion, this case implicates the risk of compression and
failure of the saphenous vein grafts in cardiac tamponade following
CABG. The management should be considered in a more practical way
as in this case.
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Radiofrequency catheter ablation is accepted as an effective and curative therapy for idiopathic ventricular tachy-
cardia (IVT). Although endocardial radiofrequency (RF) ablation is the common approach for ablation of IVTs,
rare patients have been reported in whom ventricular tachycardia (VT) could not be ablated from endocardium
due to an epicardial origin of the tachycardia.We, herein, present a case of IVT originating from the great cardiac
vein that was successfully ablated within the coronary venous system.
© 2016 The Society of Cardiovascular Academy. Production and hosting by Elsevier B.V. All rights reserved.
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Introduction

Radiofrequency catheter ablation is accepted as an effective and cu-
rative therapy for idiopathic ventricular tachycardia (IVT). Although en-
docardial radiofrequency (RF) ablation is the common approach for
ablation of IVTs, rare patients have been reported in whom ventricular
tachycardia (VT) could not be ablated from endocardium due to an epi-
cardial origin of the tachycardia. IVTs originating from the epicardial
portion are remote from the left ventricular (LV) endocardium and are
not amenable to standard approach via endocardial RF ablation.1–3 Sev-
eral recent reports have demonstrated that the left coronary veins are
potential routes for mapping and ablating VT originating from an epi-
cardial site.4,5 IVT/premature ventricular complexes (PVCs) originating
from the great cardiac vein constitute only a small number of cases.
We, herein, present a case of IVT arising from the great cardiac vein
that was successfully ablated within the coronary venous system.

Case report

A 25-year-old male first admitted to our hospital with palpitation
and atypical chest pain for six months. His physical examination
was unremarkable. A 12-lead electrocardiogram (ECG) revealed PVCs
with left bundle branch block (LBBB) and inferior axis (Fig. 1A). Echo-
cardiography showed a normal examination with a global ejection

fraction of 65% and no chamber enlargement or valve disease. 24-hour
Holtermonitorization showed frequentmonomorphic PVCs and several
times of sustained and nonsustained VTs (Fig. 1B). In the cardiovascular
stress test, the frequency of PVCs increased with exercise, and the test
was terminated because of a sustained VT in stage 3 (Fig. 2A). The pa-
tient underwent electrophysiologic study (EPS) using conventional
mapping technique. But no early ventricular activation site was found.
Epicardial origin was suspected on ECG that showed inferior axis and
LBBB with a pseudo delta wave (PdW), precordial R-wave transition
in V3 and tall R wave in the inferior leads. In the mapping of the coro-
nary sinus in EPS, the earliest epicardial activation preceding the onset
of the QRS complex by 32 ms was found in the great cardiac vein
(Fig. 2B). Also, pace mapping provided an identical (12/12) match
with the clinical PVCs morphology. Coronary angiography showed
that the distance from the catheter tip to coronary arteries was enough
for RF application (Fig. 3A, 3B). One application of RF energy at this site
(55 °C, 20 W, temperature control) for 30 s by Marinr multicurve abla-
tion catheter terminated spontaneous PVCs/VT. No VT or PVCs were in-
ducible after RF at that site by ventricular or atrial stimulation. After the
procedure, monitorization in coronary care unit showed normal sinus
rhythm (Fig. 3C). The patient was discharged from the hospital without
any medication and remained completely asymptomatic during
12 months follow-up.

Discussion

Idiopathic ventricular tachycardia and PVCs mainly originate from
the right ventricular outflow tract (RVOT). However, uncommon sites
of origin are seldom encountered. The incidence of an epicardial origin
in IVT may be as high as 9%.6 There is little data regarding the
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Fig. 1. 12-lead ECG revealed PVCs with LBBB and inferior axis (A). 24-hour Holter monitorization showed nonsustained VT (B). ECG: electrocardiogram, LBBB: left bundle branch block,
PVCs: premature ventricular complexes, VT: ventricular tachycardia.

Fig. 2. The cardiovascular stress test in stage 3 demonstrated a sustained VT (A). Electrophysiologic tracing showed that the earliest epicardial activation preceding the onset of the QRS
complex was 32 ms (B). VT: ventricular tachycardia.

Fig. 3. Coronary angiography from RAO (A) and LAO (B) views revealed the distance from the catheter tip (arrow) to coronary arteries. Post-procedural ECG showed normal sinus rhythm
(C). ECG: electrocardiogram, LAO: left anterior oblique, RAO: right anterior oblique.
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prevalence, ECG characteristics, and common sites of tachycardia origin
around the coronary sinus and especially its branches. Also, the efficacy
of RF catheter ablation of these cases are unclear.6 ECG is an essential
guide to locate the origin of the tachycardia and to plan the optimal
catheter ablation before the patient is brought to the electrophysiology
laboratory. An S wave in lead I, deep Q wave in lead aVL, tall R wave in
the inferior leads, and precordial transition zone near the leads V1–3
have been reported as the ECG findings of IVTs arising from the LV epi-
cardial portion.7 Berruezo et al.8 also described the ECG criteria that
identified an epicardial origin of VT including PdW ≥34ms in precordial
leads, intrinsicoid deflection time (IDT) ≥85ms in lead V2, and shortest
RS complex duration ≥121 ms in any precordial leads. As is seen in this
case, the ECG characteristics have shown almost the same diagnostic
criteria related to epicardial origin. Medical therapy and ablation are
the options for management of these arrhythmias. Frequency and se-
verity of symptoms play a critical role in determining the treatment
strategy.6,7 Ablative therapy of epicardial VT/PVCs includes percutane-
ous and transthoracic epicardial approaches. Several recent reports
have demonstrated that the left coronary veins are potential routes for
mapping and ablating VT originating from an epicardial site. This proce-
dure can successfully treat themajority of the patients. The transthorac-
ic epicardial approach is recommended in cases in which standard
ablation methods have failed.6 RF energy applications within the coro-
nary venous system can be challenging because they can potentially
cause complications, such as venostenosis, vein rupture, venous throm-
bosis, cardiac tamponade, or coronary artery injury, even if they are per-
formed with relatively low power.9

Conclusion

Although idiopathic VT and PVCs mainly originate from the RVOT,
uncommon sites of origin are seldom encountered. If the idiopathic

VT/PVCs are not localized in themost common origin, epicardial foci in-
cluding coronary sinus and its branches should be sought by pace-
mapping. Also, physicians should keep in mind that a detailed analysis
of the ECG is indispensable for diagnosing and ablating IVTs arising
from the LV epicardium.
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Acute myocarditis is a well-recognized but rare manifestation of mostly viral infections. It can present with
various clinical manifestations and may mimic myocardial infarction (MI) since patients usually present with
chest pain, and the electrocardiographic changes similar to those observed in acute ST-elevation MI. We, herein,
present such anextreme case of acutemyocarditis characterizedby dynamic ST segment elevationwith reciprocal
changes in the electrocardiogram.
© 2016 The Society of Cardiovascular Academy. Production and hosting by Elsevier B.V. All rights reserved.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Acute myocarditis is a well-recognized but rare manifestation
of mostly viral infections with a broad spectrum of symptoms
and clinical features.1 The diagnosis of acute myocarditis is one of
the most challenging issues in cardiology due to the nonspecific
pattern of clinical presentation. It can present with various clinical
manifestations and may mimic myocardial infarction (MI), since
patients usually present with chest pain, and the electrocardio-
graphic changes similar to those observed in acute ST-elevation
MI.2–4 In this report, we present such an extreme case of acute
myocarditis characterized by dynamic ST segment elevation with
reciprocal changes in the electrocardiogram (ECG).

Case report

A 25-year-oldmanwith no previous cardiac history presented to the
emergency department with intermittent retrosternal crushing chest
pain radiating to back. On admission, he was pain-free and had a two-

day history of symptoms of acute upper respiratory infection including
fever, cough, sore throat and nausea. There was no history of smoking,
diabetes, hypertension, dyslipidemia or family history of coronary
artery disease. On examination, initial heart rate was 84 bpm, tempera-
ture 37.4 °C, and arterial blood pressure 115/75 mm Hg. Cardiac
examination revealed normal findings, with no additional sounds,
murmurs or pericardial rub. ECG on admission revealed sinus rhythm,
normal QRS axis and minimal ST-segment elevation in leads II,
aVF, I, aVL, V5, and V6 with reciprocal ST segment depression at
lead V1 (Fig. 1). An initial echocardiogram showed mild hypokinesia
in the apical region of the left ventricle with an ejection fraction of
55%. Cardiac biomarkers revealed serum Troponin I of 37.7 ng/mL
(normal b 0.04 ng/mL), creatine kinase (CK) of 2250 U/L (normal
20–171 U/L), and CK-MB of 181 IU/L (normal b0–24 IU/L). White
blood cell count was 13,100/mL, and erythrocyte sedimentation
rate was 28 mm/h. Other routine biochemical blood tests were
within normal limits. With all these findings, our initial diagnosis was
acute myocarditis, and we decided to start angiotensin-converting-
enzyme inhibitor and beta-blocker therapy because of the mild
ventricular dysfunction. After 30–35 min of admission, the patient's
chest pain increased progressively. The ECG taken at that time showed
4–5 mm ST-segment elevation in inferior and lateral leads with ST
segment depression in right precordial leads (Fig. 2A). Posterior
ECG showed that the ST-segment depression in right precordial
leads was due to the reflection of ST elevation of the posterior
wall (Fig. 2B). Concurrent echocardiography showed an apparent
regional hypokinesia in the middle and basal segments of the
inferior and posterior walls with an ejection fraction of 45%, whereas
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the ST-segment elevation in especially leads I, aVL was concave
seen in pericarditis. Therefore, we performed coronary angiography
due to the acute changes. Coronary angiography showed normal
epicardial coronary arteries (Fig. 3A) andwe observedmild hypokinesia
in the apical region of the left ventricle. Over the following days,
ST-segment elevations decreased gradually, and ECG revealed biphasic
T waves in the leads I, II, aVL, V5 and V6 seen in the subacute
phase of myocarditis. The patient discharged on perindopril 5 mg q.d.
and metoprolol succinate 50 mg q.d. (Fig. 3B). Follow-up echo-
cardiography at two weeks revealed normal findings without wall
motion abnormality.

Discussion

The symptoms and clinical features of myocarditis range from
an asymptomatic state to fulminant cardiogenic shock and sudden
death. The diagnosis of acute myocarditis, especially when it mimics
MI, is challenging due to wide variation in the clinical presentation
such as our patient. Although endomyocardial biopsy (EMB) is the
gold standard for diagnosis, current guidelines recommend the EMB
only in a limited number of clinical scenarios such as life-threatening
clinical presentations of myocarditis.5 In addition, selective coronary
angiography is recommended in patients with suspected myocarditis
presented with an acute coronary syndrome-like findings. CT coronary
angiography may also be an alternative to conventional angiography.6

Non-invasive imaging techniques such as cardiac magnetic resonance

(CMR) imaging can be useful for diagnosis and delineating the
extent of the disease.5,6 However, its usage may be limited regarding
availability in acute cases. In the present case, history and clinical
presentation (young age, low coronary risk profile, concomitant
flu-like symptoms in the few days before admission) were consistent
with myocarditis. But the localized ST-segment elevation along with
the “reciprocal-like” changes in addition to segmental left ventricular
dysfunction and worsening chest pain raised the possibility of an
acute MI. Then, the patient underwent coronary angiography for
eliminating an acute coronary syndrome. As is seen in our case,
confirming the diagnosis with coronary angiography in patients with
typical symptoms of acute MI is of great importance especially in
young cases with myocarditis or other non-coronary reasons (such as
Takotsubo syndrome).7

Conclusion

The diagnosis of acute myocarditis is one of the most challenging
issues in cardiology. A detailed history, examination and ECG
interpretation are usually adequate for diagnosis. However, there
may be an extreme similarity regarding ECG findings in cases
mimicking acute MI. Therefore, the clinicians should keep in mind
that coronary angiography is necessary before taking an action
with treatment modalities such as thrombolysis due to serious side
effects.

Fig. 1. ECG on admission revealed sinus rhythm and minimal ST-segment elevation in leads II, aVF, I, aVL, V5, and V6 with reciprocal ST segment depression at lead V1. ECG,
electrocardiogram.
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Fig. 2. ECG taken when the patient had chest pain showed 4–5 mm ST-segment elevation in leads I, II, III, aVF, aVL, and V4–V6 with ST segment depression in right precordial leads (A).
Posterior ECG showed that the ST-segment depression in right precordial leads was due to the reflection of ST elevation of the posterior wall (B). ECG, electrocardiogram.
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Fig. 3. Coronary angiography showed normal epicardial coronary arteries (A). ECG on discharge revealed biphasic T waves in the leads I, II, aVL, V5 and V6 (B). ECG, electrocardiogram.
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External jugular vein aneurysms are extremely rare pathologies compared to arterial ones. The patients often
present with a painless mass in the neck that becomes visible while coughing and straining. Palpation of a soft
and compressible swelling over the external jugular vein is a diagnostic hallmark. Doppler ultrasound examina-
tion is considered as the golden standard for the radiological diagnosis that allows a precise determination and
confirmation of an aneurysm. Surgical excision is performedmostly for cosmetic concerns and symptomatic an-
eurysms. In this article, we present the clinical aspects, radiological and microscopic findings, diagnosis and sur-
gical treatment of an external jugular vein aneurysm in a young female patient to emphasize the typical clinical
presentation of this rare entity.
© 2016 The Society of Cardiovascular Academy. Production and hosting by Elsevier B.V. All rights reserved.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Venous aneurysmswere initially described by Harris in 1928 after the
presentation of an infant with a congenital venous cyst of the
mediastinum.1 The terminology of a venous aneurysm was then sug-
gested by Hilscher in 1995 to create a similarity to arterial aneurysms.2

In contrary to the arterial aneurysms, venous aneurysms are rarely seen.
They can bepresented in anyveins throughout the body including thorac-
ic, cervical, visceral and lower extremity veins. However, due to the low-
pressure system of the superior vena cava, the venous aneurysms of the
head and neck are rarely encountered than the deep veins of the abdo-
men and lower limbs.3 In this paper, diagnosis and the surgical treatment
of an external jugular vein aneurysm in a young woman were reported.

Case report

A 19-year-old female was referred for a right neck mass that has
been noticed for five years. Themasswas non-tender, soft, compressible
and bluish and located in the right supraclavicular area. It was clearly
visible in rest, but becoming more prominent with Valsalva maneuver
(Fig. 1). There was no pulsation or a murmur over the mass that could
be heard. The mass has been growing gradually in time and had no as-
sociation with breathing or swallowing. In her anamnesis, there was a

history of a lipoma excision in the right supraclavicular region eleven
years ago when she was eight.

The initial diagnosiswas a right jugular vein ectasia to explain the in-
crease in size with Valsalva. A cystic lymphangioma extending into the
mediastinum was also considered. Ultrasound (US) imaging revealed
a fusiform venous structure measuring 2.5 × 3.5 × 1.5 cm on the right
anterolateral neck with an existing flow by Doppler US. The mass was
over the trace of the right external jugular vein and had no relation to
the internal jugular vein. The flow pattern and the morphology of the
right common carotid artery were normal. Magnetic resonance angiog-
raphy imaging showed a round shaped lesion above the right clavicula
with a high contrast uptake consistent to a vascular structure (Fig. 2).

Surgical treatmentwasplanned after thediagnosis of a venous aneu-
rysm and the anamnesis of gradual enlargement of the mass. The
patient was operated electively with a simple excision of the mass
(Fig. 3). It was found to be a right external jugular venous aneurysm con-
sistent with the preoperative diagnosis and measurements (Fig. 4). The
pathologic investigationwith amicroscope revealed an aneurysmatic di-
latation of the vein with a focal thinning of smooth muscle wall consis-
tent with phlebectasia. The patient was discharged the next day with
no complication and scheduled for a routine follow-up.

Discussion

Venous aneurysms are uncommon causes of the cervical masses
when compared to arterial ones.2 Aneurysms of the neck veins are
extremely rare because of the low intravascular pressure in the
superior vena cava system.4 A venous aneurysm can be either primary
(congenital) or secondary (acquired). Congenital aneurysms are
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considered as true aneurysms as they have an intact venous wall with a
weakness of elastic fibers.2,5 Various etiological mechanisms have
been proposed for the development of acquired venous aneurysms.
These include trauma, chronic inflammation, degeneration, and in-
creased pressure.5

In the differential diagnosis of a cervical mass, cystic hygroma, cav-
ernous hemangioma, a lymphocele, a laryngocele, an enterogenous
cyst, thyroid swelling, lymphadenopathy, a thyroglossal cyst, a dermoid
cyst and a branchial cleft cyst should be considered.4,5 Engorgement of
the neck swelling during strain eliminates others than a laryngocele
and jugular vein aneurysm. The absence of air inside the lesion on
plain roentgenography further eliminates the laryngocele.4

Fig. 1. External jugular vein aneurysm of a 19-year-old woman.

Fig. 2.Magnetic resonance angiography image reveals a venous aneurismatic dilatation on
the right external jugular vein.

Fig. 3. A. Mapping before the surgical intervention. B. Exploration and delineation of the
mass before excision.

Fig. 4.Macroscopic aspect of the excised external jugular vein aneurysm.
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Diagnosis of jugular vein aneurysms can be achieved by color
Doppler US imaging (with and without Valsalva), computed tomo-
graphic angiography, magnetic resonance angiography imaging, and
venography.6

Histopathologic examination of the specimen may show a broad
spectrum of findings varying from normal venous wall to those unique
to phlebectasia.5 The term phlebectasia has been increasingly recog-
nized in recent years indicating the venous dilatation without
tortuosity.7 Phlebectasia is a condition including the thinning of the ve-
nous wall with the loss of smooth muscle cells and their replacement
with a fibrous layer as well as the disruption of the elastic layer.5,8

Asymptomatic external jugular vein aneurysms can be monitored
with regular follow-up. However, surgical excision should be consid-
ered for the cosmetic reasons or the presence of a painful aneurysm sec-
ondary to phlebitis or thrombosis.9 Surgical removal also eliminates the
theoretical risk of aneurysmal rupture and pulmonary embolism.10 It
also allows surgeons to get the exact histopathological diagnosis. Saccu-
lar type of external jugular venous aneurysms can be safely treated by
excision and ligation.Whereas, an exclusion and bypass may be needed
in a fusiform aneurysm.9,10 The rarity of this type of venous aneurysms
may be related to the asymptomatic nature of them or the tendency of
reporting only surgical results.11
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Left atrial band confused with cor triatriatum sinister
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A 22-year-old female patient was admitted with complaints of
dyspnea on exertion for 3 years. Cardiac examination of the patient in
physical examinationwas normal. ECGwas normal. Transthoracic echo-
cardiography (TTE) revealed normal for valve structures, heart cham-
bers, and the LV systolic and diastolic parameters. However, a band-
like structure was observed in left atrium (Fig. 1). A band-like structure
was observed extending from interatrial septum to the lateral wall of
the left atrium in the transesophageal echocardiography (TEE) per-
formed for a more detailed analysis of the left atrium (Fig. 2). A defect
was not detected on this structure which was considered as differential
diagnosis of a membrane seen in cor triatriatum sinister. In addition,
colour Doppler examination did not show turbulentflow in the left atri-
um (Fig. 3), and there were no gradients in CW and PW examinations.
Left atrial band (LAB) is a rare congenital anomaly. Although the inci-
dence of congenital LAB was reported to be 2% in clinico-pathologic
study,1 the number is quite low for echocardiographic examinations.
LAB has been studied and shown to be in association with Chiari's net-
work, patent foramen ovale, and mitral valve prolapse; however, it is
commonly recognized as a benign entity.2 The band appearance can
also be seen because of suture line after operations like transplantation
with biatrial anastomosis. Our patient had no history of surgery. LAB is
not uncommon in TTE examination in which left atrium band and cor
triatriatum sinister are confused. In discrimination of the two, the defect
on this structure with TEE; turbulent flow in the left atrium in colour
Doppler; and gradients in CW examination are important discriminants
between the two.
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Case report

In our case, 22-year-old female patient was admitted to our depart-
ment with complaints of dyspnea. We detected LAB with TTE inciden-
tally and then confirmed with TEE. It can be confused with cor
triatriatum sinister, if it does not examine carefully.

Differential diagnosis

Cor triatriatum sinister.

Imaging diagnosis

LAB can be diagnosed with TTE and TEE.

Treatment

LAB is an anomaly that does not require treatment. However, the
treatment of cor triatriatum sinister is surgery.

Fig. 1. Transthoracic echocardiogram showing left atrial band (arrowheads).
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Related reports

Few cases have been reported in the literature about the LAB. But,
there is no article about discrimination by cor triatriatum sinister.

Experiences and lessons

It is not uncommon in TTE examination that left atrium band and cor
triatriatum sinister are confused. In discrimination of the two, the defect

on this structure with TEE; turbulent flow in the left atrium in colour
Doppler; and gradients in CW examination are important discriminants
between the two.

References

1. Yamashita T, Ohkawa S, Imai T, et al. Prevalence and clinical significance of anomalous
muscular band in the left atrium. Am J Cardiovasc Pathol 1993;4:286–293.

2. Ozer O, Sari I, Davutoglu V, et al. Cryptogenic stroke in two cases with left atrial band:
coincidence or cause? Eur J Echocardiogr Mar 2009;10(2):360–361.

Fig. 2. Transesophageal echocardiogram demonstrating left atrial band extending from
interatrial septum to the lateral wall of the left atrium (arrowheads).

Fig. 3. Colour doppler examination is not showing turbulent flow in the left atrium.
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Myocardial reinfarction with simultaneous occlusions of two major
coronary arteries one of which is due to the early stent thrombosis

Celal Kilit a,⁎, Taner Şen b, Adnan Doğan a, Basri Amasyalı a, Mehmet Özgeyik a

a Department of Cardiology, Dumlupınar University, Faculty of Medicine, Kütahya, Turkey
b Department of Cardiology, Dumlupınar University, Kütahya Evliya Çelebi Training and Research Hospital, Kütahya, Turkey

a b s t r a c ta r t i c l e i n f o

Article history:
Received 23 November 2015
Received in revised form 20 January 2016
Accepted 22 January 2016
Available online 4 March 2016

Coronary artery stent thrombosis is a rare but often fatal complication associatedwith percutaneous coronary in-
tervention. Although strict adherence to dual anti-platelet therapyminimizes this risk, stent thrombosis will still
occur in rare patients, leading to acute, subacute, or late life-threatening coronary syndromes. Intracoronary
thrombosis is a usual finding in acute coronary syndrome but simultaneous formation of the thrombi in two dif-
ferent coronary arteries is very rare. Acute coronary syndrome is not simply the result of isolated local plaque dis-
ruption and thrombosis, but rather global coronary vessel inflammation, leading to weakening of atherosclerotic
plaques in multiple sites nearly simultaneously. We report a case of myocardial reinfarction with simultaneous
occlusion of two major coronary branches one of which is due to the early stent thrombosis.

Keywords:
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Introduction

Coronary atherosclerosis and thrombosis are major factors con-
tributing to myocardial infarction. However, simultaneous forma-
tion of the thrombi in two different coronary arteries is very rare 1.
Patients with ST segment elevation myocardial infarction (STEMI)
frequently have obstructive non-culprit lesions 2. Stenoses in
noninfarct arteries may cause serious adverse cardiac events that
could be avoided by performing preventive percutaneous coronary
intervention (PCI) during the initial procedure. In patients with
STEMI and multivessel coronary artery disease undergoing infarct
artery PCI, preventive PCI in noninfarct coronary arteries with
major stenoses significantly reduced the risk of adverse cardiovas-
cular events, as compared with PCI limited to the infarct artery 3.
We report a case of myocardial reinfarction with simultaneous oc-
clusion of two major coronary branches one of which is due to the
early stent thrombosis. In our case, prior primary PCI for inferior
STEMI has been limited to the right coronary artery (RCA) which is
infarct artery, and preventive PCI has not been performed to signif-
icant stenosis in left circumflex artery (LCX).

Case report

A 69-year-old womanwas admitted to emergency departmentwith
a sensation of tightness in the chest for 3 h. She had a risk factor of hy-
percholesterolemia and no other coronary risk factors of smoking, dia-
betes, hypertension, or positive family history were documented. An
electrocardiogram showed ST-segment elevation in leads DII, DIII and
aVF (Fig. 1). She underwent cardiac catheterization and emergency an-
giography revealed significant stenosis in LCX and a total occlusion of
RCA after the right ventricular branch (Fig. 2A, B). Left anterior descend-
ing artery showed no stenosis. The results of biochemistry laboratory at
admission are as follows: Troponin I: 0.56 μg/l (normal range 0–0.023),
glucose: 177 mg/dl, creatinine: 0.9 mg/dl, HbA1c: 6.3%, total choles-
terol: 236 mg/dl, triglyceride: 106 mg/dl, low density lipoprotein
cholesterol: 164 mg/dl, high density lipoprotein cholesterol:
51 mg/dl, hemoglobin: 12.2 g/dl, hematocrit: 36.9%, and platelet:
333 × 103/ml. Balloon angioplasty of the RCA lesion was performed
and bare-metal stent was then employed to treat the lesion (Fig. 2C).
For anticoagulation, unfractionated heparin was used during the proce-
dure and the patient was loaded with clopidogrel 600 mg orally. There
were no complications and the patient tolerated the procedure well.
Preventive PCI has not been performed to significant stenosis in LCX.
After an uncomplicated 74-hours hospital course, she was discharged
with acetylsalicylic acid, clopidogrel, atorvastatin, perindopril, andmet-
oprolol treatment. Four days after discharge, the patient was admitted
to the emergency department with chest pain similar to previous. The
initial electrocardiogram demonstrated minimal ST elevation and T
wave inversion in leads DII, DII and aVF (Fig. 3). The results of

International Journal of the Cardiovascular Academy 2 (2016) 21–24

⁎ Corresponding author at: Dumlupınar University, Kütahya Evliya Çelebi Training and
Research Hospital, 43050 Kütahya, Turkey. Tel.: +90 274 2316660 4001; fax: +90 274
2316673.

E-mail addresses: ckilit@hotmail.com (C. Kilit), medicineman_tr@hotmail.com
(T. Şen), doganadnan01@gmail.com (A. Doğan), dramasyali@yahoo.com (B. Amasyalı),
mehmetozgeyik@gmail.com (M. Özgeyik).

Peer review under responsibility of The Society of Cardiovascular Academy.

Contents lists available at ScienceDirect

International Journal of the Cardiovascular Academy

j ourna l homepage: www.e lsev ie r .com/ locate / i j cac

http://dx.doi.org/10.1016/j.ijcac.2016.01.004
2405-8181/© 2016 The Society of Cardiovascular Academy. Production and hosting by Elsevier B.V. All rights reserved. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

© 2016 The Society of Cardiovascular Academy. Production and hosting by Elsevier B.V. All rights reserved.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcac.2016.01.004&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.ijcac.2016.01.004
mailto:mehmetozgeyik@gmail.com
http://dx.doi.org/10.1016/j.ijcac.2016.01.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/ijcac


biochemistry laboratory at admission are as follows: Troponin I: N80 μg/l
(normal range 0–0.023), glucose: 132 mg/dl, creatinine: 0.79 mg/dl, he-
moglobin: 11.6 g/dl, hematocrit: 35.2%, and platelet: 370 × 103/ml. She
was adherent to dual antiplatelet therapy. The patient was diagnosed
with myocardial reinfarction probably due to stent thrombosis. A slightly
reduced response to clopidogrel (260 P2Y12 resistance units) was shown
in platelet function test (target range for sufficient platelet inhibition,
b240 P2Y12 resistance units). The platelet inhibition response to aspi-
rin was sufficient. Stent thrombosis – at least partly – was thought
to be due to slightly reduced response to clopidogrel. Therefore,
the patient was loaded with ticagrelor 180 mg orally before the pro-
cedure. Emergency angiography revealed a simultaneous total

occlusion of the LCX and an in-stent total thrombotic occlusion of
RCA (Fig. 4A, B). Stent in RCA showed no evidence of migration or
malposition. The stent occlusion was treated with balloon angioplas-
ty followed by a drug-eluting stent placed distal to the initial stent
due to intimal dissection. The LCX occlusion was also treated with
balloon angioplasty followed by an adjacent bare-metal stent. For
anticoagulation, unfractionated heparin was used during the proce-
dure. She was observed as an inpatient for 3 days and discharged with
acetylsalicylic acid, ticagrelor, atorvastatin, perindopril and metoprolol
treatment. Recent 1-year follow-up also revealed no significant symp-
toms and she has been compliant with her dual antiplatelet medication
regimen.

Fig. 1. ECG of the patient at first admission.

Fig. 2. (A) Significant stenosis in left circumflex artery. (B) Total occlusion of right coronary artery after the right ventricular branch. (C) Right coronary artery after the bare-metal stent
implantation.
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Discussion

About 40–50% of people presenting with STEMI have multivessel
disease 4,5. Patients with acute STEMI and multivessel coronary disease
have a worse prognosis compared with individuals with single-vessel
disease. Compared with those with single-vessel disease, patients with
multivessel disease had a higher frequency of recurrent ischemia at
30-days 6. Also they have higher mortality rates and a greater incidence
of non-fatal reinfarction 6–8. It is unclear whether this is attributable to
an increased disease burden or because relevant lesions in other areas
are left untreated.

Coronary artery stent thrombosis is a rare but often fatal complica-
tion associated with PCI. Stent thrombosis can occur within days of
stent placement (acute), up to 1 month post-procedure (subacute), or
later (late). Although strict adherence to dual anti-platelet therapy min-
imizes this risk, stent thrombosis will still occur in rare patients, leading
to acute, subacute, or late life-threatening acute coronary syndromes.
Acute stent thrombosis is generally caused by the following mecha-
nisms: antithrombotic drug resistance, hypercoagulable states, stent
malposition/underdeployment, or coronary arterial damage during ini-
tial PCI like intimal dissection. The exact etiology of stent thrombosis,
however, is often multi-factorial and difficult to comprehend.

Several studies have demonstrated the pathogenetic role of local
thrombus formation in coronary arteries at the site of a ruptured

plaque. Plaque disruption leads to platelet activation and to throm-
bin generation. Although intracoronary thrombosis is a usual find-
ing in STEMI, simultaneous formation of the thrombi in two
different coronary arteries is very rare. In our case, RCA was occlud-
ed by stent thrombosis and LCX was occluded by thrombus forma-
tion in significant stenotic lesion. The state of hypercoagulability
and vasospasm caused by acute stent thrombosis may lead to
thrombus formation and acute occlusion in LCX lesion. Atheroscle-
rotic plaques in multiple sites may be weakened nearly simulta-
neously by global coronary vessel inflammation caused by acute
coronary syndrome. Of course, the exact opposite is also possible.
A new isolated local plaque disruption and thrombus formation in
LCX lesion may have triggered the stent thrombosis in RCA via hyper-
coagulability. Inflammatory mediators in acute coronary syndromes
could serve to facilitate a generalized multi-vessel prothrombotic
state. Therefore, in patients with STEMI andmultivessel coronary artery
disease undergoing infarct artery PCI, preventive PCI in noninfarct
coronary arteries with significant stenoses seems to be a rational
approach.
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Fig. 4. (A) Total occlusion of left circumflex artery before large obtuse marginal branch. (B) In-stent total thrombotic occlusion of right coronary artery.

Fig. 3. ECG of the patient at second admission.
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Coronary artery fistulas (CAF) are defined as a direct communication between a coronary artery and any cardiac
chamber or vessel. They are generally congenital and the majority occurs in the right coronary artery (RCA) al-
most always draining to the right cavities and exact incidence of CAF is unknown. The treatment options for
CAF are surgery or catheter closure. Catheter closure of the CAF is now considered to be an effective and safe
method alternative to surgery. We report the first case with coil migration and coronary dissection to occur si-
multaneously in the same patient and successful treatment of these two complications with stent implantation.
© 2016 The Society of Cardiovascular Academy. Production and hosting by Elsevier B.V. All rights reserved. This is

an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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A 68-year-old man was admitted to our department with com-
plaints of exertional dyspnea and chest pain. Coronary angiography
did not show significant lesions in the epicardial coronary arteries and
a fistula was observed from the proximal portion of RCA draining into
the pulmonary artery (Fig. 1). For embolisation a 0.014î and 300 cmhy-
drophilic guidewire was moved up to the distal segment of the fistula
and a microcatheter was then loaded over this and a 2 × 25 mm coil
(Balt, Montmorency, France) was placed. For total occlusion achieve-
ment a second 2 × 50mm coil (Balt, Montmorency, France) was placed
(Fig. 2). Unfortunately soon after the insertion of the second coil, during
contrast injection this coil detached andmigrated to proximal portion of
RCA. At the same time coronary dissection was observed in the osteal
part of RCA (Fig. 3). Therefore, 4.0× 9mmbaremetal stent (Simchrome
CoCr, Simeks, Turkey) was successfully implanted at 14 atm to cover
the dissected segment and migrated coil was jailed to side branch to
prevent any embolization to the distal portion of RCA or aorta immedi-
ately (Fig. 4). Electrocardiogram and Troponin levels were normal
and patient was discharged after a 72-hour follow-up without any
complication.

The clinical symptoms of CAFdepend on the severity of the left–right
shunt and the coronary steal. Closure is indicated for symptomatic

International Journal of the Cardiovascular Academy 2 (2016) 25–26

⁎ Corresponding author at: Adnan Menderes University, Faculty of Medicine,
Department of Cardiology, 09100 Aydin, Turkey. Tel.: +90 506 889 22 38 (mobile).

E-mail address: drgungorhasan@yahoo.com (H. Güngör).
Peer review under responsibility of The Society of Cardiovascular Academy.

Fig. 1. A fistula originating from the proximal portion of RCA draining into the pulmonary
artery.
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patients and fistulas with a high flow rate. Percutaneous closure is the
preferred technique, in particular in the absence of multiple fistulas
and large fistula branches, and in cases where the fistula can be easily
accessed.1,2 With catheter closure techniques, complete occlusion of
the fistulamay be achieved in N95% of the patients. Themain complica-
tions include either premature deflation of a detachable balloon, inad-
vertent coil embolisation, transient T-wave changes, transient bundle
branch block and myocardial infarction. All the complications are rare,
except for inadvertent coil migration, which may occur as a result of
high flow in the large fistulas or with undersized coils.3,4 In our patient
migration of the coil was due to fast contrast medium injection. Even if
the coils do migrate, they can be pulled back with snares. In our

knowledge this is the first casewith coil migration and coronary dissec-
tion to occur simultaneously in the same patient.

This case shows the unusual complication of percutaneous closure of
coronary artery fistulas and successful management of this complica-
tion using stent implantation.
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Fig. 2. Second coil placement.

Fig. 3. Coil migration and coronary dissection in the osteal part of right coronary artery
(arrow).

Fig. 4. Bare metal stent implantation to cover the dissected segment and to jail migrated
coil (arrow).
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Objective: The aimof this studywas to search the effect of knowledge about hypertension and socio-demographic
characteristics on controlling high blood pressure levels among patients diagnosed with hypertension.
Methods: This is a cross-sectional study. The study population was obtained from subjects diagnosedwith hyper-
tension and applied to primary health care centers inYozgat province center, in 2013. The subjectswith informed
consent were enrolled into the study (n = 485). The data were collected via 15-item hypertension knowledge
questionnaire and personal information survey prepared in accordance with the literature. The knowledge
level was classified as follows: low (b8 points); moderate (8–11 points); adequate (≥12 points).
Results: Frequencies of low, moderate and high level of knowledge about hypertension were 31.3%, 62.1% and
6.6% respectively. The effects of other socio-demographic parameters on the knowledge levelwere not significant
even after multivariate analysis. Knowledge level was positively related to ratio of subjects with blood pressure
under control but not significant (p N 0.05).
Conclusion:Majority of the subjects had inadequate knowledge about hypertension, two third of the subjects did
not imply significant life style modification for hypertension.
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Introduction

High blood pressure (HBP) is a leading major risk factor for chronic
diseases and deaths. The prevalence of patients with hypertension
(HT) had reached from 600 million in 1980 to one billion in 2008.1

The prevalence of HBP was approximately 40% among adults of
25 years and above in 2008. Approximately 7.5 million people (12.8%
of all-cause deaths) die every year due to HBP.2 It is estimated that HT
is responsible for 45% of deaths due to heart diseases and 51% of deaths
due to stroke. HBP consists of 3.7% of Disability Adjusted Life Years
(DALY).1 Even prehypertension (PreHT) increases mortality risk due
to cardiovascular and stroke-related diseases.3

According to Turkey Burden of Disease Study (TBDS) 2004, the lead-
ing factor for DALY was found to be HBP among seven most frequent
factors. It was estimated that the prompt control of this factor would
prevent approximately one of every four (25.2%) deaths.4 According to
the data derived from Turkish Statistics Institute (TSI) 2013, 39.8% of
all deaths stem from circulation-related disorders and 12.8% of these
deaths were related to HT.5 The prevalence of hypertension is 32.2%
among males and 30.5% among females in developing countries while
these values are 40.8% and 33.0% respectively in developed countries.6

In our country HT prevalence is found to be 35.1% according to the re-
sults of SALTurk trial held in 2008, it was 31.3% according to TURDEP II
trial held in 2010 and it was 30.3% according to Turkish Society of Hy-
pertension and Kidney Diseases7 made PatentT2 trial held in 2012.7–9

It seems that increasing trend in HT prevalence is stopped in recent
years in Turkey.

The ratio of taking BP under control among hypertensive patients is
28.7% in our country while it is 29.6% among males and 34% among fe-
males in developing countries and 33.2% among males and 38.4%
among females in developed countries respectively.6,7 Chronic Diseases
and Risk Factors Survey (CDRFS) in Turkey 2011 revealed that 85% of
patients with hypertension used medication and 72% of hypertensive
patients under medication had blood pressure values within targeted
levels.10

The studies held in Pakistan revealed that hypertensive patients had
inadequate knowledge about HT and the frequency of patients with BP
under control was higher among the patients with high level of knowl-
edge about HT.11,12 Similarly, the study held in USA also showed that
hypertensive patients had the low level of knowledge about the health
issues.13 In Turkish population, it was also found that the participants
had the low level of knowledge about HT.14

WHOcalls attention to importance of primary health care in struggle
against HT and it pointed that health professionals, especially nurses,
should take part in creating awareness among the society members
and they should take active role in organizing educational meetings
about risk factors.1,15

Purpose

The aim of this studywas to search the relation between knowledge
about HT, socio-demographic characteristics and obtaining controlled
BP levels among patients diagnosed with HT.

Conceptual framework of this study

In this study, effects of HT knowledge level and socio-demographic
factors onHT controlweremade bymultivariate analysis that examined
which variables were more important.

Materials and methods

Study design

This was a cross-sectional study aimed at identifying the knowledge
about HT which impacts the controlled BP levels of patients with HT.

Setting and samples

The study populationwas obtained from subjects diagnosedwithHT
and applied to primary health care centers in Yozgat province center be-
tween January 2013 and December 2013. Random cluster sampling
method was used to determine sample size. There had been 7 Family
Health Centers (FHC) in the province center at the time of sampling.
Of them, three FHCs (1, 3, and 5) were selected randomly for sampling.
According to TSI 2012 data,16 Yozgat province center has 78,328 resi-
dents and the number of people aged above 18 years old was approxi-
mately 56,000. SaltTurk trial reported the frequency of HT prevalence
among adults over 18 years old as 35%.8 Considering all these data, the
expected number of people with HT above 18 years old was 19,600
people. Size of the sample was determined as follows: The estimated
sampling universe (people with HT) = 19,600; the ratio of subjects
with BP under control = 30% (according to CDRFS results)10; deviation
of this ratio = 0.05; and the probability of a making type I error (α) =
0.05. As a result, the estimated sample size was found to be 343 people.
Since multivariate analyses were planned for BP levels, level of knowl-
edge about HT and socio-demographic characteristics, it was decided
to increase the number of subjects 50%more than the estimated sample
size. Finally, 485 subjects were enrolled into the study.

Ethical consideration

Informed consent of each subject, ethical and official approval from
the local authorities were obtained for the study accordingly and the in-
vestigationwas performed in accordancewith the principles outlined in
the Declaration of Helsinki.

Measurement

A questionnaire was prepared by the researchers in accordancewith
the literature to measure the level of knowledge about HT. The ques-
tionnaire had 15 items as follows: three questions about BP classifica-
tion; four questions about HT complications, four questions about
treatment and BP control; and four questions about signs and follow-
up of HT.17 And also a survey was formed to get data about socio-
demographic characteristics of the subjects. Total scores for the ques-
tionnaire about HT knowledge ranged from 0 to 15 at maximum. The
subjects were classified further in respect to the scores obtained from
the questionnaire as follows: low level of knowledge b8 points; moder-
ate level of knowledge 8 to 11 points; and adequate level of knowledge
≥12 points.17

Procedure

The questionnaire and survey were fulfilled by the subjects under
the observation of an independently trained interviewer. Height and
weight of all subjects were measured with automatic digital scale at
morning times between 08:00 to 11:00 o'clock under casual clothes
without shoes. The blood pressure (BP) levels were measured from
the right and left arms of the subjects in a sitting position by one trained
observer blind to the study at the place of interview. BP was measured
twice with 10 min interval. The systolic BP (SBP) and diastolic BP
(DBP) were recorded at the first and fifth Korotkoff phases respectively
using a mercury sphygmomanometer. The average of the four BP mea-
surements was used for analysis. BP levels were classified in accordance
with Joint National Committee Report-7 as follows: normal: SBP
b120 mmHg and DBP b80 mmHg; PreHT: SBP 120–139 mmHg and/or
DBP 80–89 mmHg; HT: ≥140 mmHg and/or ≥90 mmHg.18 The Joint
National Committee Report-8 recommend, in the general population
aged 60 years or older, initiate pharmacologic treatment to lower BP at
SBP of 150 mmHg or higher or DBP of 90 mmHg or higher and treat to
a goal SBP lower than 150 mmHg and goal DBP lower than 90 mmHg.19

The subjects who have BP measurement of SBP b140 mmHg (≥60 age,
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SBP b150 mmHg) and/or DBP b90 mmHg at the time of interview
were classified as subjects with BP under control.20 Body Mass
Index (BMI) was calculated by the formula (BMI = weight in
kg/(height in m)2) defined according to the WHO criteria.21 Patients
were classified as normal weight (BMI 18.5–24.9 kg/m2), overweight
(BMI 25.0–29.9 kg/m2), obese class I (BMI 30.0–34.9 kg/m2), obese
class II (BMI 35.0–39.9 kg/m2) or obese class III (BMI 40 kg/m2 or
more).

Statistical analysis

The data were analyzedwith SPSS package program. Statistical anal-
yses were carried out by the help of simple correlation tests and back-
ward LR model of multiple variables binary logistic regression (BLR).22

In the BLR analysis, the state of being under the control of BP (coded;
controlled: 1, uncontrolled: 0) was used as the dependent variable.
The independent variables; HT knowledge score, age, BMI, and disease
duration as a continuous variable, education level, perception of income
level, and level of satisfaction in life as an ordinal variable, gender, mar-
ital status and employment status were included in the model as a cat-
egorical variable. Continuous variables were expressed in mean ± SD,
categorical variables were shown in percentage, p-values of b0.05 was
used to show statistical significance.

Results

The study included 485 subjects. 57.7% of the subjects were female
and 85.5% of study population were aged 50 years old and above with
a range of 18 to 90 years old. Median age was 63 years old with the
average age of 61.5 ± 10.9 years. 83.5% of the study population were
married, 28.2% of them had education duration of 5 years or less, how-
ever prevalence of subjects graduated from secondary school or above
was 12.8%. 10.1% of the subjects were employed. 75.1% of them claimed
that they satisfied with quality of their life. 26% of the study population
reported that their economic status were well enough while 6.4% of
them claimed that they had low economical status (Tables 1, 2).

It was found that 36.5% of the subjects with HT consumed enough
fruit/vegetables (≥3 times a day), 31.3% of them exercised sufficiently
(at least 3 days and 150 min per week) while 52.0% of the study popu-
lation did not exercise at all. 25.6% of all hypertensive subjects generally
did not consume saltwhile 34.4% of them claimed usage of low level salt
on their diet. 10.5% of hypertensive subjects were a current smoker
(Table 3), 65.2% of the study population had one of the concurrent co-
morbidities (such 6.7% with diabetes). Ratio of parental HT was 47.4%
(Table 2).

According to results of the questionnaires, we found that frequencies
of poor, moderate, and adequate level of knowledge about HT among
subjects with HT were 31.3%, 62.1%, and 6.6% respectively. Level of
knowledge was correlated significantly with educational status but
not with other variables (Table 1). Among the study population, BP
value and HT duration did not show any statistical correlation between
score of the HT knowledge. Also, the knowledge score mean of the sub-
jects did not significantly differ in respect to gender, marital status, and
economic status however HT knowledge scores mean was statistically
different with age clusters and educational status (Table 1). HT knowl-
edge score of old subjects aged 70 years and above had significantly
lower than other age groups' scores (posthoc LSD, p b 0.05). Other age
clusters didn't differ in respect to each other (p N 0.05). Average knowl-
edge score of subjects without formal education had significantly lower
than that of subjects with primary school and above graduate (posthoc
Tamhane, p b 0.05)while other educational states did not show any sig-
nificant difference in respect to each other (p N 0.05). Inmultivariate re-
gression analyses, considering age (in year) and educational states (in
ordinal value) as independent variables, the contribution of educational
states on HT knowledge score was statistically significant (B = 0.408,
p b 0.001) while contribution of age did not significantly contribute to

HT knowledge score (B=−0.013, p = 0.167). Educational status con-
tributed only 4.5% of changes in HT knowledge score (R2 = 0.045).

Only some of subjects knew that HBP does not show sign (7.4–30.7%)
and HT does not lead any cancer (23.5%). When asked about the defini-
tion of normal BP, preHT and HT, respectively 65.2%, 49.7% and 72% of
the subjects answered the relevant BP classification correctly. Most of
the subjects knew HBP lowering methods correctly (71.3–80.6%) and
the necessity of regular intake of antihypertensive drugs (95.7%).

According to blood pressure measurement results of the subjects,
21.6% of the subjects had normal BP, 46.2% with preHT and 32.2% with
hypertensive level of BP. BP level of the subjects did not reveal any sig-
nificant relation to age, gender, educational, marital, employment and
economic states (p N 0.05 for all comparisons). Although subjects with
hypertensive level of BP measurement had lower knowledge score
compared to normal and preHT levels it did not reach the level of statis-
tical significance (p N 0.05). Subjects with higher BMI value had signifi-
cantly higher frequency of having hypertensive BP level (p b 0.05).
25.5% of subjects with BMI less than 25 kg/m2 and 35.5% of subjects
with BMI 30kg/m2 andmore hadhypertensive level of BPmeasurement
(Table 2). The case of classifying the subjects into hypertensive BPmea-
surement and the others, BMI values did not show significant difference
between the groups (X2 = 2.64, p = 0.267).

It was found that HT duration of the subjects was less than 5 years in
32.4% of the subjects and ≥15 years in 22.7% of the subjects. Subjects
with HT duration of less than 5 years had significantly higher frequency
of hypertensive BP measurement compared to subjects with HT dura-
tion of ≥15 years (35.0% vs. 30.9% respectively, p b 0.05).

Table 1
Hypertension knowledge distribution according to socio-demographic properties in the
study population.

Risk factors HT knowledge level a

Gender n (%) b X ± SD Poor n (%) Moderate
n (%)

Adequate
n (%)

Male 205 (42.3) 8.5 ± 2.1 59 (28.8) 133 (64.9) 13 (6.3)
Female 280 (57.7) 8.3 ± 2.4 93 (33.2) 168 (60.0) 19 (6.8)

Age groups t = 1.24, p = 0.22 X2 = 1.23, P = 0.540
b50 69 (14.2) 8.7 ± 2.1 22 (31.9) 41 (59.4) 6 (8.7)
50–59 124 (25.6) 8.5 ± 2.0 39 (31.5) 76 (61.3) 9 (7.3)
60–69 177 (36.5) 8.5 ± 2.3 48 (27.1) 120 (67.8) 9 (5.1)
≥70 115 (23.7) 7.8 ± 2.5 43 (37.4) 64 (55.7) 8 (7.0)

Education F = 3.42, p = 0.02 X2 = 5.33, P = 0.503
Illiterate 137 (28.2) 7.6 ± 2.6 58 (42.3) 75 (54.7) 4 (2.9)
Primary school 234 (48.2) 8.6 ± 2.1 69 (29.5) 150 (64.1) 15 (6.4)
Secondary school 52 (10.7) 8.8 ± 2.0 12 (23.1) 36 (69.2) 4 (7.7)
High school or more 62 (12.8) 9.1 ± 1.8 13 (21.0) 40 (64.5) 9 (14.5)

Marital status F = 8.7, p b 0.001 X2 = 19.44, P = 0.003
Married 405 (83.5) 8.5 ± 2.2 121 (29.9) 255 (63) 29 (7.2)
Not married 80 (16.5) 8.0 ± 2.5 31 (38.8) 46 (57.5) 3 (3.8)

Economic level t = 1.73, p = 0.085 X2 = 3.18, P = 0.204
High 126 (26.0) 8.5 ± 2.1 33 (26.2) 10 (7.9)
Middle 328 (67.6) 8.4 ± 2.3 107 (32.6) 200 (61.0) 21 (6.4)
Low 31 (6.4) 7.8 ± 2.8 12 (38.7) 18 (58.1) 1 (3.2)

Current BP level F = 1.1, p = 0.341 X2 = 3.11, P = 0.540
Normal 105 (21.6) 8.3 ± 2.4 35 (33.3) 65 (61.9) 5 (4.8)
PreHT 224 (46.2) 8.5 ± 2.2 61 (27.2) 144 (64.3) 19 (8.5)
HT 156 (32.2) 8.2 ± 2.3 56 (35.9) 92 (59.0) 8 (5.1)

HT duration F = 1.2, p = 0.292 X2 = 8.48, P = 0.076
b5 years 157 (32.4) 8.5 ± 2.1 49 (31.2) 96 (61.1) 12 (7.6)
5–9 years 120 (24.7) 8.3 ± 2.5 36 (30.0) 76 (63.3) 8 (6.7)
10–14 years 98 (20.2) 8.5 ± 2.1 29 (29.6) 63 (64.3) 6 (6.1)
≥15 years 110 (22.7) 8.1 ± 2.4 38 (34.5) 66 (60.0) 6 (5.5)

F = 0.8, p = 502 X2 = 1.24, P = 0.975
Total 485 (100.0) 8.4 ± 2.3 152 (31.3) 301 (62.1) 32 (6.6)

a HT knowledge score b8 is poor, 8–11 ismoderate, ≥12 is adequate. b Percentages are sum
of columns t: Independent Student t test, F: One way ANOVA.
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The subjectswere questioned about their BP levels according to their
experience, 67.2% of the subjects answered that they had a normal level
of BPswhile 26% of themhadHBP levels. However, the BPmeasurement
results of the subjects who claimed normal BP during their lifetime
revealed that only 25.8% of them had normal BP in reality while 24.2%
of them had hypertensive BP measurement. Oppositely, BP measure-
ment results of the subjects who claimed HBP during their lifetime
revealed that only 57.1% of them had hypertensive BP in reality.

Substantial number of the subjects (84.5%) reported regular intake of
antihypertensivemedication, 10.3% of the subjects claimed drug intake in
case of high BP measurement, 5.2% of the subjects did not take their pre-
scribed medication at all. Measured BP levels of subjects with regular in-
take of drugs were normal in 22.9% of subjects and hypertensive in
31.2% of the subjects. These rates were 14.7% and 37.3% respectively
among subjects who did not take their medication or take irregularly
(Table 3).

In the study, 40.2% of the subjects reported the usage of alternative
methods to control BP, 4.5% of the subjects reported regular jogging,
and 2.7% of the subjects reported dietmodification. 52.6% of the subjects
claimed that they use only the prescribed drugs to control BP. 34.1% of
only drug users had hypertensive BP measurements while 29.2% of al-
ternative method users had hypertensive BP measurements (Table 3).
This ratio was 22.7% among the subjects performing regular jogging.
35.7% of the study population noted that they got an education about
HT (Table 3). 28% of all subjects (78.4% of educated subjects) got this ed-
ucation from medical doctors, 4.3% of nurses and 3.3% of both medical

doctors and nurses. 18.6% of educated subjects reported that they got
this education once, 5.6% of them twice, 6.8% of them three times, and
4.7% of them four or more times during their lifetime. There was not
any significant relation between education about HT and degree of BP
levels measured at the time of interview (Table 3).

Since age vs. BMI (r = −0.146, p b 0.001), age vs disease duration
(r = 0.301, p b 0.001) and age vs. educational status (Spearman's
rho=−0.304, p b 0.001) had significant correlation, these parameters
were included in the analyses. Among the factors affecting BP level sta-
tistically with the p-value b 0.10, significant independent variables as
BMI, HT duration and use of alternative method and not significant in-
dependent variables as age, educational status and knowledge level
about HT were all included in multivariate BLR analyses. HT knowledge
score, gender, age, BMI, disease duration, education level, and percep-
tion of income level as independent variables were included in the
BLR analyses. All independent variables did not show statistical signifi-
cance, thus relevant table showing the results of this analyses were
not expressed further in another table.

Discussion

In this study, the relation between knowledge about HT,
sociodemographic characteristics and obtaining controlled BP levels
were evaluated among patients diagnosed with HT with the help of

Table 2
Blood pressure levels distribution according to socio-demographic properties in the study
population.

Characteristics Current blood pressure level

Normal PreHT HT Total

Gender n (%)a n (%)a n (%)a n (%) b

Male 47 (22.9) 94 (45.9) 64 (31.2) 205 (42.3)
Female 58 (20.7) 130 (46.4) 92 (32.9) 280 (57.7)

Age groups (year) X2 = 0.37 P = 0.829
b 50 15 (21.7) 35 (50.7) 19 (27.5) 69 (14.2)
50–59 24 (19.4) 49 (39.5) 51 (41.1) 124 (25.6)
60–69 42 (23.7) 87 (49.2) 48 (27.1) 177 (36.5)
≥70 24 (20.9) 53 (46.1) 38 (33.0) 115 (23.7)

Education X2 = 7.51 P = 0.276
Illiterate 26 (19.0) 69 (50.4) 42 (30.7) 137 (28.2)
Primary school 56 (23.9) 97 (41.5) 81 (34.6) 234 (48.2)
Secondary school 11 (21.2) 24 (46.2) 17 (32.7) 52 (10.7)
High school or more 12 (19.4) 34 (54.8) 16 (25.8) 62 (12.8)

Marital status X2 = 5.15 P = 0.525
Married 86 (21.2) 187 (46.2) 132 (32.6) 405 (83.5)
Not married 19 (23.8) 37 (46.3) 24 (30.0) 80 (16.5)

Parental HT X2 = 0.34 P = 0.846
Have not 60 (23.5) 120 (47.1) 75 (29.4) 255 (52.6)
Have 45 (19.6) 104 (45.2) 81 (35.2) 230 (47.4)

BMI (kg/m2) X2 = 2.23 P = 0.327
b25 21 (41.2) 17 (33.3) 13 (25.5) 51 (10.5)
25–29.9 45 (22.5) 95 (47.5) 60 (30.0) 200 (41.2)
≥30 39 (16.7) 112 (47.9) 83 (35.5) 234 (48.2)

Economic level X2 = 15.57 P = 0.004
High 27 (21.4) 60 (47.6) 39 (31.0) 126 (26.0)
Middle 70 (21.3) 157 (47.9) 101 (30.8) 328 (67.6)
Low 8 (25.8) 7 (22.6) 16 (51.6) 31 (6.4)

HT knowledge level X2 = 8.16 p = 0.068
Poor (b8) 35 (23.0) 61 (40.1) 56 (36.8) 152 (31.3)
Moderate (8–11) 65 (21.6) 144 (47.8) 92 (30.6) 301 (62.1)
Adequate (≥12) 5 (15.6) 19 (59.4) 8 (25.0) 32 (6.6)

X2 = 5.04 p = 0.283
Total 105 (21.6) 224 (46.2) 156 (32.2) 485 (100.0)

a Percentages are sum of rows, b percentages are sum of columns.

Table 3
Blood pressure levels of the subjects with hypertension according to the factors affecting
blood pressure levels.

Characteristics Current blood pressure level

Normal PreHT HT Total

HT medication n (%)a n (%)a n (%)a n (%) b

Using regular 94 (22.9) 188 (45.9) 128 (31.2) 410 (84.5)
Using irregular 11 (14.7) 36 (48.0) 28 (37.3) 75 (15.5)

HT training X2 = 2.80 P = 0.247
Not received 73 (23.4) 140 (44.9) 99 (31.7) 312 (64.3)
Received 32 (18.5) 84 (48.6) 57 (32.9) 173 (35.7)

Alternative or complementary
medicine

X2 = 1.61 P = 0.447

Not admitted 65 (22.4) 126 (43.4) 99 (34.1) 290 (59.8)
Admitted 40 (20.5) 98 (50.3) 57 (29.2) 195 (40.2)

Exercise level X2 = 2.24 P = 0.327
Not exercising 52 (20.6) 116 (46.0) 84 (33.3) 252 (52.0)
Inadequate 17 (21.0) 40 (49.4) 24 (29.6) 81 (16.7)
Adequate 36 (23.7) 68 (44.7) 48 (31.6) 152 (31.3)

Fruit and vegetable
consumption

X2 = 0.96 P = 0.916

Not eat every day 23 (20.4) 51 (45.1) 39 (34.5) 113 (23.3)
One meal per day 19 (18.1) 55 (52.4) 31 (29.5) 105 (21.6)
Two meals per day 17 (18.9) 35 (38.9) 38 (42.2) 90 (18.6)
≥3 meals per day 46 (26.0) 83 (46.9) 48 (27.1) 177 (36.5)

Salt consumption habits X2 = 9.17 P = 0.164
Normal/more salty 47 (24.2) 84 (43.3) 63 (32.5) 194 (40.0)
Less salty 33 (19.8) 81 (48.5) 53 (31.7) 167 (34.4)
Salt less 25 (20.2) 59 (47.6) 40 (32.3) 124 (25.6)

How to continue BP X2 = 1.61 p = 0.807
Normal 84 (25.8) 163 (50.0) 79 (24.2) 326 (67.2)
High 11 (8.7) 43 (34.1) 72 (57.1) 126 (26.0)
Unstable 10 (30.3) 18 (54.5) 5 (15.2) 33 (6.8)

HT duration X2 = 52.69 P b 0.001
b5 years 33 (21.0) 69 (43.9) 55 (35.0) 157 (32.4)
5–9 years 38 (31.7) 47 (39.2) 35 (29.2) 120 (24.7)
10–14 years 20 (20.4) 46 (46.9) 32 (32.7) 98 (20.2)
≥15 years 14 (12.7) 62 (56.4) 34 (30.9) 110 (22.7)

X2 = 14.43 p = 0.025
Total 105 (21.6) 224 (46.2) 156 (32.2) 485 (100.0)

a Percentages are sum of rows, b percentages are sum of columns.
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multivariate analyses. As known, increased knowledge about the dis-
ease promotes the compliance of the patient with prescribed medica-
tions. However, there have been few studies searching the relation
between awareness, knowledge and real-time BP measurements in
Turkish population. Thus, we designed this study to evaluate the
socio-demographic factors affecting outcomes of hypertensive patients.

We found that approximately one-third of patients with HT had a
poor level of knowledge about HT and very few numbers of patients
(6.6%) had adequate level knowledge (Table 1). In USA, the frequency
of HT patient with the poor level knowledge about HT was 22%.23 In
same study, 86% of the subjects defined BP categories properly, that
value was 72.4% in our study. In Pakistan, only 0.8% of hypertensive pa-
tients claimed that they had adequate knowledge about HT.11 All these
data indicates that patients in developed countries have more knowl-
edge about HT compared to people in underdeveloped or developing
countries. It means that there may be a correlation between industrial-
ization level and awareness for HT.

The ratio of subjects with BP under control was 75% among subjects
with adequate level of HT knowledge and this was higher compared to
the ones with moderate (69.4%) and poor levels (63.2%). But it was not
statistically significant (Table 2). The study from Pakistan also revealed
similar results. Average knowledge score of subjects with BP under con-
trol was found to be higher compared to that of subjects with uncon-
trolled BP (21.8 vs. 18.7 with p N 0.05) as found in our study.12

Educational status and level of knowledge about HT were shown to
promote positively the control of HBP, but the additional effects of these
factors were found to be minimal.24 Similarly, Xu LJ, Meng Q25 found
that educating patients about HT enabled reduction in SBP of
19.03 mmHg and DBP of 10.33 mmHg. However, in our study, these
variables were not significant (Table 1).

Another important issue in management of HT is to know asymp-
tomatic nature of having HBP. In our study, most of the subjects
(63.3–92.6%) did not know that HBP can course without any sign and
symptoms. It was 67.3% for Turkish population living around İzmir
while it was 20.6% in USA.14,23 The patients assumed that they experi-
enced headache (92.6%) and dizziness (82.9%) in case of HBP. Due to
these false perceptions, the patients think their BP levels are under con-
trol in the absence of these complaints whereas HBP usually does not
give any sign and symptoms. This false understanding adversely affects
the HT control. The knowledge about HT is very important for patients
to evaluate themselves-their BP measurements at home and to comply
with their treatment and they can easily be aware of their general status
and take precaution promptly.

In our study, we found that level of knowledge about HT increased
proportionally with higher degree of educational states. However, the
effect of age on the HT knowledge was not statistically significant.
Thus, educational status contributed only 4.5% (R2 = 0.045) of changes
in HT knowledge score. In a study from USA, it was also shown that
medical knowledge level increased proportionally with increment
in degree of education and decrement in age and educational con-
tributed 17.7% of changes in medical knowledge while age variable
affected less (6.1%).13 This conflicting result can be due to the differ-
ent effects of educational status on the medical knowledge of the
countries with different level of industrialization. Another reason
for this kind of result is the difficulty in standardization of education
and medical knowledge.

Most of the patients (84.5%) reported regular intake of prescribed
drugs (Table 3). In other studies, the ratio of regular drug intake was
ranging between from 78.8% to 98.1%.14,26 In CDRFS, it was 85%.10

Thus, our finding was inconsistent with the literature. Among subjects
taking their antihypertensive medicine promptly, two third (68.8%)
had BP level under control. This ratio differs in different studies ranging
from 53.9% to 72%.7,10,27 In a hospital-based study, 78% of regular drug
users had BP under control.28 All these different results imply that
there are different rates of controlling BP in spite of regular intake of
prescribed medications. The reason for such result may be due to

different sampling universe and varied frequency of planned admis-
sions for the diseasesince regularity of outpatient admissions can
change the course of treatment and use of prescribed medications.

Age, educational status, HT knowledge score, BMI, HT duration and
use of alternative or complementary medicine methods were not
found to be significant in controlling BP among hypertensive patients
after performingmultivariate FLR analyses. 40.2% of the subjects report-
ed the use of alternativemedicinemethod to control BP. HT control rate
was 70.8% among alternative method users and 65.9% among subjects
who do not use any alternative method, but the difference was not sta-
tistically significant. Still this difference can be explained in a way that
patients using alternative medicine methods were more motivated to
control their BP compared to the others. In the study from İzmir, salt re-
striction, diet, weight loss, quitting smoking, exercise and alcohol re-
striction were found to promote positively the treatment of HT.14 Our
study results revealed that the subjects' knowledge to keep BP under
control was moderate, but they did not apply promptly what they
knew.

Approximately one-third of the study population noted that they got
education about HT (Table 3).Most of the educated subjects (78.4%) got
this education frommedical doctors, 4.3% of them from nurses and 3.3%
of them from both medical doctors and nurses. Oskay, Onsuz14 also de-
scribed the source of knowledge as mostly doctors, then social environ-
ment, television and newspapers in order. Nurses can be a source of
knowledge about HT and are expected to the important role in educat-
ing subjects in future.

There are some limitations to our study. Firstly, the study population
consisted of residents in Yozgat province, thus the results may not be
extrapolated to general population of Turkey. Secondly, the study en-
rolled only subjects from primary health centers, thus the data in
hand can't reflect hypertensive subjects applied to secondary or tertiary
health centers. Thirdly, this is a cross-sectional study based on claims of
subjects, thus the answers of subjects may be biased.

Conclusions

Increase in number of deaths due to cardiovascular diseases in re-
cent years diverted researchers' attention to prevention and controlling
of HBP which is a leading cause of cardiovascular diseases. According to
the results of our study, (1) there was no relationship between HT
knowledge level and controlling high blood pressure, (2) majority of
subjects did not have sufficient knowledge about HT, and (3) two
third of the subjects did not perform important lifestyle modifications
to control BP.

Practice implications

Nurses should followpatientswithHT, should replace lack of knowl-
edge, promote behavioral changes, and should be motivated to prepare
educational programs for the patients.
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Case report
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Introduction

TAVI has been becoming a mainstay of treatment of severe aortic
stenosis in patients who have a high estimated risk of surgical valve
replacement.1,2 Unfavorable anatomical structures can induce technical
difficulties like high or low valve deployment which can also occur
following implantation appear to be more common with the CV.
The low or high positioning may be associated with paraprosthetic re-
gurgitation, device embolization and impact atrioventricular node,
resulting hemodynamic instability.3 Herein, we aimed to delineate
pre-procedural root angulation prediction and performing maneuvers
for optimal device deployment and abstain from complications.

Case report 1

An 80 year old man admitted with increasing dyspnea (New York
Heart Association functional Class-III) and palpitation for last 1 month.
On physical examination, the patient had signs of pulmonary conges-
tion and cardiovascular auscultation revealed aortic stenosis murmur.
Baseline transthoracic echocardiography revealed a calcified aortic
valve, mean velocity of 3.9 m/sn, mean transvalvular gradient of
42mmHg. Left ventricular ejection fractionwas 40%. His coronary angi-
ography revealed calcified plaque in the epicardial coronary arteries. His
calculated Logistic Euro Score was 14.2% and Society of Thoracic
Surgeons (STS) score was 5%. Due to the patient had low risk, the
heart team decided to perform surgical aortic valve replacement
(SAVR) but the patient refused SAVR and decided to proceed with
TAVI. So, the heart team approached for off-label TAVI. Multidetector
computed tomography (MDCT) documented bilateral ilio-femoral
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arteries which had minimum diameter of 10.1 mm in right side, aortic
annuluswasmeasured as 25mmindiameter and aortoventricular anat-
omywithin horizontal lying (Fig. 1A, B). In cardiac catheterization espe-
cially left anterior oblique 10° cranial, serial aortic root injections also
revealed the aortoventricular angle. Transfemoral route didn't fit for
purpose because of large degree of aortic root angulation. Because of
specific anatomic consideration, transfemoral TAVI performed as off-
label indication. TAVI was performed under local anesthesia the patient
evaluated one month later. A Novaflex+ (Edwards Lifesciences, Inc.)
deployment catheter was inserted through the right common femoral
artery. Pre-implantation balloon valvuloplasty was done with a
25 ∗ 40 mm balloon with good expansion. The 29 mm ESV alignment
and deployment was done under fluoroscopic guidance with “two
step deployment technique” including pull back Amplatz Extra-Stiff J-
tip guidewire (COOK, Bjaeverskov, Denmark) by about a centimeter
and then, floppy tipped guidewire was rotated clockwise providing co-
axial alignment. After the deployment, fluoroscopic control showed
normal bioprosthetic valve function and there is no leakage (Fig. 2).

Case report 2

A 71 year old woman admitted to arising from gradual onset of ex-
ertional dyspnea for last 1 year. The patient had a past medical history
of coronary artery bypass graft. On cardiovascular auscultation, there
was a grade 3/6 systolic murmur in aortic focus. Baseline transthoracic
echocardiography revealed several calcified changes of aortic valve
with mean transvalvular gradient of 38 mm Hg and mean velocity of
4.1m/sn. Left ventricular ejection fractionwas 60%. Cardiac catheteriza-
tion revealed severe coronary artery disease with 70% narrowed diffuse
lesion of left anterior descending artery and with 100% occluded left in-
ternalmammary artery. The Logistic Euro Score and STSwere calculated
to be 32% and 9%. Because of high surgical risk, the heart team
approached for TAVI. MDCT evaluation prior to TAVI revealed minimal
bilateral ilio-femoral luminal diameter of 8.2 mm, aortic annulus was
measured as 26 mm and changes in anatomical structures of aortic
rootwhichhad broad aortoventricular angle (Fig. 3A, B). In cardiac cath-
eterization, left anterior oblique 10° cranial position revealed large de-
gree of aortic root. Transfemoral TAVI was performed under general
anesthesia as off-label indication due to very calcified bilateral subclavi-
an arteries. A right femoral cutdownwas performed and then, the 18 Fr
CV delivery catheter was indwelled into the right common femoral
artery. Balloon aortic valvuloplasty was performed under rapid
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ventricular pacing using 23mmballoon. The 31mmCoreValve Evolut™
positioning was based on fluoroscopy guidance with “two step de-
ployment technique” including pull back Amplatz Super-Stiff J-tip
guidewire by about a centimeter and then, floppy tipped guidewire
was rotated clockwise providing coaxial alignment. Then, CV was

deployed under supra-annular aortography during right ventricular
pacing. Post-procedural aortography showed suitable position of
the CV with no valvular and paravalvular leakage (Fig. 4).

Discussion

Horizontal aortic root with a vertical annulus is ascribed technical
challenge in TAVI. Preprocedural MDCT offers detailed aortic root
anatomy. Understanding of root anatomy plays key role for certain
alignment and accurate positioning of the bioprosthesis valve.4 Cor-
onal oblique projection in the MDCT provides aortoventricular angu-
lation defined as the angle between left ventricle and ascending
aorta 40 mm above the aortic annulus.5 If angulation is N70°,
transfemoral and left subclavian approaches are contraindicated. Es-
pecially transfemoral approach within excessive angulation limits
the capability to control the tension on delivery catheter during de-
vice release may lead to implant failure. Alternative routes such as
transaortic, transaxillar accesses are utilized to ensure more effort-
less device manipulation in these cases.3,4 Edwards NovaFlex's steer-
able catheters can facilitate controlled position and following route
in challenging anatomies including horizontal aorta.6 Furthermore,
U.S. Food and Drug Administration approves for the CV Evolut R
transcatheter valve and the EnveoR delivery system in June 2015.
EnveoR's capsule flare and flexible catheter offer navigation of unfa-
vorable anatomical structures. This catheter provides the option of
repositionability.7 Finally, Chan et al. performed several different
maneuvers in a patient with horizontal aorta implanted CV

Fig. 1. A. The maximum and minimum aortic annulus diameter and annulus area. B.
Calcified aortic valve and aortoventricular angle was measured as 73.28° in coronal
plane of multidetector computed tomography.

Fig. 2. Left anterior oblique image of the Edwards Sapien Valve had normal function.

Fig. 3. A. The maximum and minimum aortic annulus diameter and annulus area. B.
Calcified aortic valve and aortoventricular angle was measured as 75° in coronal plane of
multidetector computed tomography.
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successfully including taking back the Super-Stiff guidewire. Firstly,
introducing of back-end of the guidewire, retracting the delivery sys-
tem without guidewire and the last maneuver is re-introducing soft
tip of the guidewire and pushing the delivery system towards the
ventricular side gradually.4

In conclusion, preprocedural imaging techniques especially MDCT
plays as a central role in a planning prior to procedural approaching
and deciding to apply suitable technical management. In this man-
ner, the number of the patients with horizontal aorta implanted
bioprosthesis valve may be increased, transfemoral TAVI may apply
in this condition more commonly.
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Cleft in aortic valve

Kinnaresh Baria a, Amit Mishra b,⁎, Ritesh Shah c

a Department of Cardiovascular and Thoracic Surgery, U. N. Mehta Institute of Cardiology and Research Center (Affiliated to B.J. Medical College, Ahmedabad), Civil Hospital Campus, Asarwa,
Ahmedabad 380016, India
b Pediatric Cardiovascular and Thoracic Surgery, U. N. Mehta Institute of Cardiology and Research Center (Affiliated to B.J. Medical College, Ahmedabad), Civil Hospital Campus, Asarwa,
Ahmedabad 380016, India
c Department of Cardiac Anesthesia, U. N. Mehta Institute of Cardiology and Research Center (Affiliated to B.J. Medical College, Ahmedabad), Civil Hospital Campus, Asarwa, Ahmedabad 380016,
India

a b s t r a c ta r t i c l e i n f o

Article history:
Received 4 January 2016
Received in revised form 10 February 2016
Accepted 10 February 2016
Available online 5 March 2016

Congenital aortic valve cleft is a rare entity with scanty literature available. Cleft in aortic valve can be congenital,
degenerative or age related. Sudden rupture of cusps can lead to severe aortic insufficiency requiring surgical in-
tervention.With this we acknowledge a case where patient had aortic insufficiency due to cleft in right coronary
cusp with perimembranous ventricular septal defect.
© 2016 The Society of Cardiovascular Academy. Production and hosting by Elsevier B.V. All rights reserved.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Keywords:

Congenital
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Case detail

A 9 year old boy, who has been diagnosed recently as suffering from
congenital ventricular septal defect and moderate aortic valvular insuf-
ficiency, has been admitted with complains of dyspnea NYHA class II
and failure to thrive with no history suggestive of rheumatic heart dis-
ease or infective endocarditis. Two dimensional echocardiography was
suggestive of moderate size perimembranous ventricular septal defect
with left to right shunt, moderate aortic insufficiency. At surgery, the
findings were confirmed; there was tricuspid aortic valve with cleft in
right coronary cuspwith no cusp prolapse, without any additional com-
missures (Fig. 1). The ventricular septal defect was closed with GORE-
TEX® patch, continuous PROLENE® suturing while cleft in right coro-
nary cusp was repaired with interrupted direct PROLENE® sutures
(Fig. 2). Post-operative transesophageal echocardiography was sugges-
tive of no flow across interventricular septum with trivial aortic
insufficiency.

Funding

This work was supported by U.N. Mehta Institute of Cardiology and
Research Center itself and received no specific grant from any funding
agency, commercial or not-for-profit sectors.

International Journal of the Cardiovascular Academy 2 (2016) 36–37

⁎ Corresponding author at: Pediatric Cardiac Surgery, Department of Cardiovascular and
Thoracic Surgery, U. N. Mehta Institute of Cardiology and Research Center, (Affiliated to B.
J. Medical College), New Civil Hospital Campus, Asarwa, Ahmedabad 380016, Gujarat,
India. Tel.: +91 09979203994.

E-mail address: drmishraamit@yahoo.com (A. Mishra).
Peer review under responsibility of The Society of Cardiovascular Academy. Fig. 1. Perioperative photograph demonstrating cleft in aortic valve right coronary cusp.

http://dx.doi.org/10.1016/j.ijcac.2016.02.002
2405-8181/© 2016 The Society of Cardiovascular Academy. Production and hosting by Elsevier B.V. All rights reserved. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Contents lists available at ScienceDirect

International Journal of the Cardiovascular Academy

j ourna l homepage: www.e lsev ie r .com/ locate / i j cac

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcac.2016.02.002&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.ijcac.2016.02.002
mailto:drmishraamit@yahoo.com
http://dx.doi.org/10.1016/j.ijcac.2016.02.002
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/ijcac


Conflict of interest

None declared.

Fig. 2. Perioperative photograph demonstrating cleft being repaired with direct PROLENE® sutures.
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Case report

Percutaneous extraction of implantable cardioverter defibrillator
electrode with mechanical dilator sheath
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For removing the electrodes, manual simple traction may be useful and various methods have been used in
extraction for chronically implanted electrodes. We report the case of successful percutaneous extraction of
implantable cardioverter defibrillator electrode with Evolution mechanical dilator sheath.
© 2016 The Society of Cardiovascular Academy. Production and hosting by Elsevier B.V. All rights reserved.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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A 66-year-old man with ischemic cardiomyopathy who received a
dual-chamber implantable cardioverter defibrillator (ICD) 7 years ago
was referred to our hospital for the skin erosion causing protrusion of
the lead portion secondary to infection. After detailed questioning, it
was discovered that he had ICD pocket infection 3 years ago. ICD gener-
atorwas removed and a new single-chamber ICDwas implanted to con-
tralateral pectoral region. Atrial and ventricular electrodes could not be
removed due to fibrous adhesions at the contact points between elec-
trodes and venous or cardiac walls. Proximal tips of these electrodes
were fixed to the pectoral region. 2 months ago proximal tips of these
electrodes were protruding after the skin erosion (Fig. 1).

Transvenous lead extraction procedure was performed in the
cathlab under moderate sedation. After the skin dissection electrodes
were separated from the scar tissue by blunt dissection. Atrial electrode
was removedwithmanual traction. A locking stylet (Liberator Universal
Locking Stylet, Cook Medical) and mechanical dilator sheath were used
for ventricular lead. The Evolution mechanical dilator was positioned
over the electrode. The dilator sheath was moved along the electrode
body by cutting fibrous adhesion via the distal metal tip. Once the fi-
brous attachment is cut the outer sheath is advanced until another
area of attachment is encountered. After the release of the electrode
fromfibrous tissue the electrodewas pulled back into the sheath and re-
moved (Figs. 2 and 3).

Electrodes of pacemaker or ICD usually undergo fibrotic encapsula-
tion by activation of humoral and cellular immune response mecha-
nisms after transvenous implantation.1 For removing these electrodes,
manual simple traction may be useful, however chronically implanted
electrodes develop fibrous attachments to surrounding structures and
require more advanced extraction systems.2,3 Various methods have
been used in electrode extraction including manual traction, extended
weight or forcep-assisted traction, radiofrequency or laser devices,
mechanical extraction systems, and open-chest surgery.3,4 Themechan-
icalmethodwith a hand-powered sheathmarketed as the Evolution can
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be used as a useful method for chronically implanted ICD electrodes in
high risk patients.
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Fig. 2. Fluoroscopic view of the electrode covered by the Evolution sheath.

Fig. 3. Successfully extracted electrode.
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Cardiac arrhythmias due to electrical injuries are rare among emergency service admittances. A 35 year-old fe-
male patient was admitted to emergency service with palpitation after electrical injury as a result of contact
with a domestic low-voltage source. Electrocardiography (ECG) showed atrial fibrillation with rapid ventricular
response. Transthoracic echocardiography findings were normal. Atrial fibrillation spontaneously converted to
normal sinus rhythm after rate limiting treatment with beta-blocker. The patient was discharged without any
complication on the third day of hospitalization. Although cardiac arrhythmias rarely occur after electrical injury,
cardiac monitoring is recommended for all patients with documented rhythm disorder, loss of consciousness, or
abnormal ECG at admission.
© 2016 The Society of Cardiovascular Academy. Production and hosting by Elsevier B.V. All rights reserved.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

In parallel with the technological tools which acquire more space
in our lives, the electrical injury cases have increased. The actual in-
cidence of electrical injuries is unknown.1 Soft tissue burns, cardiac
arrhythmias, neurological damage and even death may occur in pa-
tients who are exposed to electrical injury.2,3 Cardiac monitoring
and medical therapy are recommended for patients with document-
ed rhythm disorder, loss of consciousness, or abnormal ECG at
admission.4 Herein, we present a rare case of electrical injury as a re-
sult of contact with a low-voltage domestic source presented with
atrial fibrillation.

Case report

A 35-year-old female patient without known cardiac disease was
admitted to emergency service with complaint of palpitation after elec-
trical injury that occurred as a result of contact with a low-voltage
domestic source. On physical examination, radial pulses were irregular
and rapid, blood pressure was 125/80 mm Hg. There were skin-burn
injuries on the extensor side of the middle phalanx of the left hand
indicating the entrance of electric current and on the extensor side of

the right arm showing the exit. The neurologic, respiratory and gastro-
intestinal system examinations were normal. The cardiac rhythm was
monitored and atrial fibrillation with rapid ventricular response
(160 beats/min) was seen on an electrocardiogram (Fig. 1). In laborato-
ry analysis; white blood cell count (WBC): 14.200 (4.600–10.200 K/μL),
hemoglobin: 11.9 (12.2–18.1 g/dL), creatine-kinase (CK): 386 (40–
165 U/L), CK-MB: 12.3 (0.6–6.3 ng/mL) and lactate dehydrogenase
(LDH): 309 (125–243 U/L) were detected. Troponin I and other
biochemical and hematological parameters were in normal range.
Transthoracic echocardiography findings were normal. Intravenous-
ly, 5 mg of metoprolol was administered for ventricular rate control.
Enoxaparin 8000 IU/0.8 mL was given subcutaneously (sc) at admis-
sion for preventing thromboembolic complications. The patient was
transferred to the coronary intensive care unit for hemodynamic
and rhythm monitorization. In adding to burn dressings, daily sc
2 × 8000 IU/0.8 mL of enoxaparin, and oral 2 × 50 mg of metoprolol
were started. On the first day of hospitalization, the rhythmwas sponta-
neously returned to sinus rhythm (Fig. 2). The abnormal laboratory pa-
rameters were improved at follow-up and the patient was discharged
on the third day of admission without any complication.

Discussion

The exact mechanism of electric shock-induced arrhythmias is not
clear. The heart is one of themost susceptible organs to electrical injury.
Electrical shock may cause direct myocardial necrosis or cardiac ar-
rhythmias. Asystole and ventricular fibrillation are the most serious ar-
rhythmic complications of electrical injury.2 Increased cardiac sodium/
potassium pump activities and an increase of serum potassium con-
centration may trigger arrhythmias after electrical injury.5 The most
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common electrocardiographic changes resulting from electric shock are
sinus tachycardia and nonspecific ST-segment deviations and T-wave
changes. Atrial fibrillation, atrial and ventricular premature contrac-
tions, bundle branch blocks, QT interval prolongation and ventricular fi-
brillation are less frequently seen. In addition, other cardiac effects such
as transient hypertension, myocardial infarction, left ventricular dys-
function and cardiac rupture can be seen.6,7 In a study by Arrowsmith
et al., the frequency of cardiac complications was reported as 3% among
145 persons exposed to electric shock. Atrial fibrillation was detected in
only one person who returned to normal sinus rhythm after intravenous
digoxin administration.8 In another study conducted with 182 patients
with electrical shock exposure, Butler et al. reported sinus tachycardia in
7 patients, ventricular premature contractions in 5 patients and atrial fi-
brillation in 2 patients. They reported that cardioversion was required in
one of two patients with atrial fibrillation.9 Uzkeser et al.10 reported a
case of atrial fibrillation after electrical shock exposure and the patient's
rhythm had returned to sinus rhythm by medical therapy on the second

day. Gözlükaya et al.11 reported a case with atrial fibrillation developed
after electrical shock who returned to sinus rhythm 20min after intrave-
nous diltiazem administration. Our case was similar with other cases in
the literature in terms of diagnosis, treatment and disease course. The pa-
tient was treated with intravenous metoprolol at admission and rapid
ventricular rate was diminished, then oral metoprolol was continued in
the intensive care unit. On the first day, the rhythm was returned to
normal sinus rhythm spontaneously. Arrowsmith et al.8 reported that
all patients with dysrhythmias resolved within 48 h of admission either
spontaneously or with pharmacologic treatment.

Although the cardiac effects due to electrical shock are rare, it is im-
portant to close follow-up for cardiac arrhythmias. Cardiac arrhythmias
due to electrical injuries are usually observed during or immediately
after the event.12 Cardiac monitoring is recommended if there is loss
of consciousness or documented rhythm disturbance and in cases
with abnormal ECG at the time of admission.4 The monitoring period
in studies are usually 24 h.4,8 Unless there is a loss of consciousness
and the 12-lead ECG is normal, it is unlikely that the patient will go on
to develop cardiac problems, and it is not necessary to monitor the pa-
tient for 24 h.4,8

In conclusion, electrical shock occurs in an unexpected time and atri-
al fibrillation is an uncomfortable cardiac problem that may occur after
electrical shock. With a correct treatment and follow-up strategy, atrial
fibrillation should be converted to sinus rhythm in patients without
structural heart disease. Additionally, it is important tomonitor patients
who have documented rhythm disorder, loss of consciousness, or ab-
normal ECG after electrical shock at the time of admission.
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Fig. 1. Initial electrocardiogram showed atrial fibrillation with rapid ventricular response.

Fig. 2. The rhythm was returned to sinus after medical therapy.
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Atrial myxomas are the most common primary heart tumors. Because of nonspecific symptoms, early diagnosis
may be a challenge. Most of these are attached to the inter-atrial septum and aremostly asymptomatic but even-
tually can cause symptoms depending on the size, mobility, and location of the tumor.We report a case of a large
myxoma in the right atrium, which is an uncommon location for this type of tumor.
© 2015 The Society of Cardiovascular Academy. Production and hosting by Elsevier B.V. All rights reserved.
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Case report

A 36-year-old man presented with atypical chest pain and palpita-
tions for the last a month. On examination vital signs were as follows:
blood pressure 110/70mmHg, pulse 110 beats/min, and oxygen satura-
tion 95% on room air, respiratory rate 18 breaths/min. The cardiovascu-
lar examinations revealed regular but tachycardic heartbeat with a
diastolic murmur of grade 1–2/6 and also jugular venous congestion.
The examination of other systems was normal. The ECG detected sinus
tachycardia. A chest X-ray showed clear lung fields with cardiomegaly.
Complete blood count and basic biochemical parameters were normal.
Sedimentation rate was 11 mm/h, CRP was 3 mg/l. Transthoracic echo-
cardiography revealed a mass almost completely fill the right atrium
prolapsing through the tricuspid valve into right ventricle (10× 5 cmdi-
ameter) (Fig. 1). The left ventricular size and function were normal in
echocardiographic examination. Transesophageal echocardiography
confirmed this well-circumscribed mass extending from the right atri-
um to the right ventricle which caused tricuspid regurgitation and ste-
nosis. Transesophageal images could not be recorded due to technical
reasons. The patient was referred to cardiovascular surgery. Right
atriotomy was applied (Fig. 2). The tumor, originating from the base
of the right atrium, was excised from sufficient depth completely
(Fig. 3). Resected area was powered with pericardial patch after extrac-
tion process. The result of the pathological examination of tumor was

compatible with a myxoma of dimensions 7.5 × 4.5 × 4.5 cm. The
patient was discharged one week after the surgery without complaint.

Discussion

This clinical case is quite unusual, considering the massive dimen-
sions of the myxoma, the uncommon localization in the right atrium,
the rare clinical presentation as atypical chest pain and palpitation, the
sex of the patient and the discrepancy between transthoracic echocar-
diogram findings and poor clinical presentation.

The clinical manifestations usually depend on the anatomic position
and size of themass. There aremainly 3 types of presentations: embolic,
obstructive, and constitutional. Embolic manifestations include visceral
infarctions, stroke, andmyocardial infarction. In a related study evaluat-
ing the risk factors for embolism in cardiac myxoma, location of the
myxoma and irregular tumor surface were independently associated
with increased risk of embolic complications.1

Obstructivemanifestations are usuallymistaken for valvular stenosis.
For instance, mitral valve obstruction due to left atrial myxoma presents
with symptoms such as syncope and dyspnea, mimicking mitral valve
stenosis. Although right-sided myxomas are rare, the signs and
symptoms of RA myxomas are highly variable, to rely on the size,
location, and mobility of the tumor.2 Right atrial myxomas may remain
asymptomatic or cause variable signs and symptoms, for example
fever, weight loss, arthralgia, Raynaud's phenomenon, anemia,
hypergammaglobulinaemia and elevated erythrocyte sedimentation
rate.2 The symptoms were gone after the tumor is removed. Our patient
had fever, arthralgia, and anemia. The most prevent symptoms is dys-
pnea (in 80% of patients). Patients may present with right heart failure
secondary to right ventricular outflow tract obstruction, or with syncope
secondary to temporary complete obstruction of the tricuspid valve.3
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Myxomas are the most common cardiac tumors. Myxomas arise in
the left atrium in 75% to 80% of cases but they can also originate from
other locations, such as the right atrium (RA) (18% of cases).4 RA myx-
omas usually are located from the interatrial septum at the border of
the fossa ovalis,5 but in this case it was originated from the base of the
right atrium.

Chest X-rays and electrocardiograms can be non-specific.6 Transtho-
racic echocardiography shows an excellent sensitivity in detecting 95%
of this unusually situation. On the other hand the sensitivity rises to
100% when transesophageal echocardiography does.7 Thus echocardi-
ography is the gold standard diagnostic technique. Computed tomogra-
phy (CT) and magnetic resonance imaging may be useful to show in
detail the point of fixation and associated complications. In our patient,
an echocardiogram suggested the hypothesis of RAmyxoma,whichwas
confirmed by a histopathological exam.

Because of the risk of thromboembolic events, primary treatment is
surgical removal of myxoma.8 but complete resection of tumors is the
most important factor. The survival rate after surgery is elevated. The
recurrence rate of sporadic tumors is between 1% and 3%.7 In our case,
6 months and one year after surgery echocardiographic examination
showed no evidence of recurrence.

Conclusion

In summary, right atrial myxomas are rare and may have atypical
presentation.

Heart tumors should be considered in differential diagnosis of atyp-
ical chest pain and palpitation and echocardiography should be per-
formed without delay especially in adult patients with these
symptoms. Echocardiography remains the best diagnostic method for
locating and assessing the extent ofmyxomas and for detecting their re-
currence, with a sensitivity of up to 100%.
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Fig. 1. Transthoracic echocardiography revealed a mass almost completely fill the right
atrium prolapsing through the tricuspid valve into right ventricle.

Fig. 2.Macroscopic appearance of the tumor after right atriotomy.

Fig. 3. The view of the right atrium and tricuspid valve after removing the tumor.
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Abnormal Cardiac beat identification is a key process in the detection of heart ailments. This work proposes a
technique for the detection of Bundle Branch Block (BBB) using hybrid Firefly and Particle Swarm Optimization
(FFPSO) technique in combination with Levenberg Marquardt Neural Network (LMNN) classifier. BBB is devel-
oped when there is a block along the electrical impulses travel to make heart to beat. ECG feature extraction is
a key process in detecting heart ailments. Our present study comes up with a hybrid method combining the
two meta-heuristic optimization methods, Firefly algorithm (FFA) and Particle Swarm Optimization (PSO), for
feature optimization of ECG (BBB and normal) patterns. One of the major controlling forces is the light intensity
attraction of FFA algorithm that models the optimum solution. The light intensity attraction process of the FFA
algorithm depends on random directions for search, this may delay in achieving the global optimization solution.
The hybrid technique FFPSO, integrates the concepts from FF algorithm and PSO and creates new individuals. In
the FFPSOmethod the local search is performed through themodified light intensity attraction stepwith PSO op-
erator. The FFPSO features are comparedwith the classical FF, PSO features. The FFPSO feature values are given as
the input to the Levenberg Marquardt Neural Network (LM NN) classifier. It has been observed that the perfor-
mance of the classifier is improved with the help of the optimized features.
© 2015 The Society of Cardiovascular Academy. Production and hosting by Elsevier B.V. All rights reserved.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords:
Bundle Branch Block
FFA
PSO
FFPSO
LM NN classifier

Introduction

Electro-cardiogram is used to access the electrical activity of a
human heart. The diagnosis of the heart ailments by the doctors is
done by following a standard changes. In this project our aim is to auto-
mate the above procedure so that it leads to correct diagnosis. Early
diagnosis and treatment is of great importance because immediate
treatment can save the life of the patient. BBB is a type of heart
block in which disruption to the flow of impulses through the right or
left bundle of His, delays activations of the appropriate ventricle that
widens QRS complex and makes changes in QRS morphology. The
changes in the morphology can be observed through the changes in
the ECG. Good performance depends on the accurate detection of ECG
features. ECG changes in Left Bundle Branch Block (LBBB) are:

• Increased QRS complex duration (≥0.12 s)
• Increased Q wave amplitude
• Abnormal T wave

ECG changes in Right Bundle Branch Block (RBBB) are:

• Increased QRS complex duration (≥0.12 s)
• RSR' format
• T wave inversion

Detection of BBB using ECG involves three main steps: preprocess-
ing, feature extraction and classification. The first step in preprocessing
mainly concentrates in removing the noise from the signal using filters.
The next step in the preprocessing is the ‘R’ peakdetection then these ‘R’
peaks are used to segment the ECG file into beats. The samples that are
extracted from each beat contain non-uniform samples. The non-uni-
form samples in each beat are converted into uniform samples of size
200 by using a technique called resampling. The resampled ECG beat.

In the feature extraction procedure, a fraction of signal around the R
peak is extracted as the time-domain features since the R peak of ECG
signals is an important index for cardiac diseases. To ensure the impor-
tant characteristic points of ECG like P, Q, R, S and T are included, a total
of 200 sampling points before and after the R peak are collected as one
ECG beat sample.

P, Q, R, S and T waves provides information regarding amplitudes
and relative time intervals of ECG. These changes in the ECG are called
morphological transitions. Themorphological changes (P, QRS complex,
T, U waves) of ECG are due to the abnormalities in the heart. BBB is one
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suchmorphological abnormality seen in the heart diseases. In the previ-
ous studiesmorphological features are extracted for clinical observation
of heart diseases. The feature extraction using traditional techniques
generally yield a large number of features, and many of these might
be insignificant. Therefore, the common practice is to extract key fea-
tures useful in the classification.

This paper presentsmeta-heuristic FFPSO, is used as a feature extrac-
tionmethod instead of using traditional feature extraction/optimization
techniques. A large number of meta-heuristic techniques have been de-
signed to solve feature optimization problem. Some of the methods
among all these are Genetic Algorithm (GA),7 Particle SwarmOptimiza-
tion (PSO),6 Bacterial Foraging Optimization(BFO),4,5,3 Firefly Algorithm
(FFA)13 etc.

Meta-heuristic algorithms are proven to outperform the gradient
based algorithms for real world optimization problems. Firefly
algorithm1 is one such newly designed algorithm mimicking flashing
mechanism of fireflies. A detailed explanation and formulation of the
firefly algorithm is given in Section 4.

Traditional Firefly Algorithm (FFA)2 has one disadvantage of getting
trapped into the local optimum. Sometimes it is unable to come out of
that state. The parameters in the firefly algorithm are fixed and do not
have any mechanism to remember the previous best situation of each
firefly and this makes them move regardless of its previous better
solution.

In this paper, a novel hybrid optimization method concurrently
combines the FFA with the PSO. Now a days the PSO10 is a swarm
based optimization algorithm and it takes inspiration from a group of
birds or a group of fish etc. The proposed hybrid algorithm fulfills local
search by using the light intensity operationmechanism of FFAwhereas
the global search is accomplished by a PSO operator. Using this combi-
nation it maintains a balance between ‘exploration’ and ‘exploitation’
and enjoying the best of both the algorithms (FFA and PSO).12 The

proposed method, referred to as Firefly Particle Swarm Optimization
(FFPSO) has been compared with the normal PSO and FFA. The follow-
ing comparative measures were used to study the (i) accuracy of the
final solution, and (ii) convergence speed. Such comparison shows the
superiority of the proposed algorithm. This algorithm outperformed
both PSO and FFA over a few ECG benchmarks sets for the classification
problem.

The ECG classification flow diagram is shown in the Fig. 1.

Preprocessing

To prove the performance of proposed technique, the usual MIT BIH
arrhythmia database9 is considered. The data used in this algorithm
confines to 11 recordings that consists of 5 normal, 3 LBBB and 3 RBBB
for a duration of 60 min at 360 Hz sampling rate. Total number of ECG
beats used for classification are 19,039. De-noising of ECG data is a pre-
processing step that removes noise andmakes ECG file useful for subse-
quent steps in the algorithm. The Sgolay FIR smoothing filter is used for
removing the noise in ECG signals. The next step in the preprocessing is
the R peak detection, then segmentation of ECG file into beats (P, QRS
Complex), by taking R peaks as the reference points.

Feature extraction

In the feature extraction procedure, a fraction of signal around the R
peak is extracted as the time-domain features since the R peaks of ECG
signal are an important index for cardiac diseases. To ensure the impor-
tant characteristic points of ECG like P, Q, R, S and T are included, a total
of 200 sampling points before and after the R peak are collected as one
ECG beat sample. The samples that are extracted from each beat contain
nonuniform samples. The nonuniform samples in each beat are

Fig. 1. ECG classification using FFPSO.
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converted into uniform samples of size 200 by using a technique called
resampling. The resampled ECG beat samples/features.

Feature optimization

Particle Swarm Optimization (PSO)

PSO11 is a kind of swarm based optimization method developed by
Eberhart and Kennedy inspired from the behavior of a flock of birds.
Each particle in the group flies in the search domain with a velocity
and it tries to attain the best velocity according to its own previous
best (pbest) and its companions' best (gbest) flying experience.

The advantage of using PSO over other optimization techniques is
its simplicity. And very few parameters need to be adjusted. Due to
this, PSO has been widely used in a variety of applications. In an
n-dimensional search space, Xi = (x1, x2, x3,…,xn), let the particles
be initialized with positions Xi and velocities Vi and the fitness is calcu-
lated based on particle positional coordinates as the input values. Then
the particles are moved into new positions using the equations below:

Vi iþ 1ð Þ ¼ ω:Vi ið Þ þ C1:ϕ1: Pbest−Xi ið Þð Þ þ C2:ϕ2: gbest−Xi ið Þð Þ ð1Þ

Xi iþ 1ð Þ ¼ Xi ið Þ þ Vi iþ 1ð Þ ð2Þ

Firefly algorithm (FFA)

This algorithm was designed by a mathematician X.S. Yang in
the year 2007. FFA was formulated by mimicking the flashing (mating)
activity of fireflies. Even though this algorithm is similar to the PSO,6

Artificial Bee Colony (ABC) Optimization14 and Ant ColonyOptimization
(ACO),15 proved to be much simpler in algorithm implementation.

Fireflies are small insects, which are capable of producing light to at-
tract a prey (mate). They release small rhythmic light flashes. The light
intensity attraction ‘I’ of fireflies decreases with the distance ‘r’. Hence,
most fireflies are visible only up to several hundreds of meters. To exe-
cute this algorithm the fitness function is articulated based on the fluo-
rescence light behavior of fireflies. For simplicity, it is imagined that
light intensity attractiveness of firefly is determined by its brightness
‘I’ which is in turn connected with the fitness function.

Attractiveness and light intensity

At a particular position ‘r’, the brightness ‘I’ of a firefly can be chosen
as I (r), proportional to the fitness, for a maximization problem. So the I
(r) varies according to the well known inverse square law.

I rð Þ ¼
Is
r2

ð3Þ

Fireflies attractiveness β is proportional to the I (r) seen by
surrounding fireflies can be defined as

β ¼ β0e
−γr2 ð4Þ

where γ is the light absorption coefficient.

Distance

The distance between any 2 fireflies is estimated using the distance
formula.

ri; j ¼

ffiffiffiffiffiffiffi
Xd

k¼1

vuut xi;k−xj;k
" #2 ð5Þ

Firefly ‘i’ is moved towards brighter firefly ‘j’ and its movement is
calculated by

Movement

xi ¼ xi þ β0e
−γr2i; j xi−xj

" #
þ αϵi ð6Þ

The first term in Eq. (6) denotes the current location of a firefly, the
second term is used for determining the attractiveness (β) of a firefly
(attractive firefly), towards the attractive neighboring fireflies and the
third term indicates the random walk of a firefly (random part).

xi ¼ xiþ α rand−1=2ð Þ ð7Þ

when firefly ‘i’ lacks the brighter firefly ‘j’ then it will go for a random
walk as in Eq. (7), in search of the best candidate, where the coefficient
α is a randomization variable, and ‘rand’ is a random number consis-
tently spread over the space (0, 1).

The pseudo code for firefly algorithm is given below
Pseudo code: firefly algorithm

1. Generate the initial population randomly.
2. Calculate the fitness of initial population based on light intensity of

fireflies.
3. While (t b termination criteria is satisfied)
4. For i = 1:p (p fireflies)
5. For j = 1:p
6. Calculate light intensity (I) using Eq. (3).
7. Distance between two fireflies is calculated using Eq. (5).
8. If (I(i) b I (j))
9. Firefly i is moved towards firefly j using Eq. (6).

10. Determine new solutions.
11. Else
12. Firefly i is moved randomly towards j using Eq. (7).
13. End If
14. End for j.
15. End for i.
16. End while
17. Sort the fireflies according to light intensity values of the new

solution.

Proposed approach: hybrid FF and PSO (FFPSO) algorithm

In this section, a part of PSO is used in the FFA to increase conver-
gence and also to enhance its capability for not falling into the local
minimum. The FFPSO has exactly the same steps as the FFA with the
exception that the position vector of FFA is modified as follows: In the
FFPSO, the distance between xi and pbesti, is the Cartesian distance

rpx ¼

ffiffiffiffiffiffiffi
Xd

k¼1

vuut pbesti; j−xi; j
" #2 ð8Þ

The distance between xi and gbesti, is the Cartesian distance

rgx ¼

ffiffiffiffiffiffiffi
Xd

k¼1

vuut gbesti; j−xi; j
" #2 ð9Þ

The position vectors xi of the FFPSO is randomly mutated by using
Eq. (8)

xi t þ 1ð Þ ¼ wxi tð Þ þ c1e−r2px pbesti−xi tð Þð Þ
þc2e−r2gx gbesti−xi tð Þð Þ þ α γ−1=2ð Þ

ð10Þ
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Pseudo code: FFPSO

1. Generate the initial population randomly.
2. Initialize pbest and gbest.
3. Calculate the fitness of initial population based on light intensity of

fireflies.
4. While (stopping criteria is satisfied)
5. For i = 1:p (p fireflies)
6. For j = 1:p
7. Light intensity I is determined using Eq. (3).
8. Distance between pbest-xi and gbest-xi is calculated using

Eqs. (8) and (9).
9. If (I(i) b I(j))

10. Firefly i is moved towards firefly j using Eq. (10)
11. Else
12. Firefly i is moved randomly towards firefly j using Eq. (7).
13. End If
14. Calculate the new solutions and update the light intensity value
15. Update pbest and gbest.
16. End for j
17. End for i
18. End while
19. Sort the fireflies in descending order based on their light intensity

In the suggested approach, the light intensity attraction step of each
particle getsmutated by a PSO operator. At this step, each particle is ran-
domly attracted towards the gbest position in the entire population.
Local search in different regions is carried by themodified attractiveness
step of the FFPSO algorithm. The main objective of FFPSO feature selec-
tion stage is to reduce the features of the problem before the supervised
neural network classification. Among all the wrapper algorithms used,
FFPSO, which solves optimization problems using themethods of flash-
ing behavior of fireflies, has emerged as a promising one.

Classification of ECG with firefly features

The extracted features from FFPSO algorithm (20 features) are clas-
sified usingdifferent types of classification techniques such as K-Nearest
Neighbor (KNN), Support Vector Machine (SVM), LM Neural Network
classifiers.

Levenberg-Marquardt Neural Network (LM NN)

In this work for the detection of BBB, back propagation Levenberg-
Marquardt Neural Network (LMNN)19 was used. This NN provides
rapid execution of the network to be trained, which is the main advan-
tage in the neural signal processing applications,8 citeKP. The NN was
designed to work well if it was built with 20 input neurons, 10 neurons
in the hidden layer and 3 neurons in the output layer. The performance
of this algorithm was compared with Scalar Conjugate Gradient (SCG)
NN. The LMNN algorithm is a robust and a very simple method for ap-
proximating a function. SCG NN method provides conjugate directions
of search instead of performing a linear search. The network is trained
with 11,039 ECG beats, and tested with 8000 ECG beats. The total num-
ber of iterations is set to 1000 and mean square error less than 0.001.
The main advantage of this algorithm is that the time required to train
the network is less.

Results

ECG features before optimization = [1 2 3 .........200];
The optimized features are = [41, 14, 198, 17, 189, 139, 22, 81, 177,

1, 171, 82, 134, 40, 49, 38, 80, 86, 129, 138];
These reduced features are given as input for the Neural Network so

that its convergence speed and final accuracy can be increased. The ECG
beats after segmentation are re-sampled to 200 samples/beat. Instead of
using morphological feature extraction techniques, in this paper FFPSO

is used as the feature extraction technique. Using FFPSO ECG beat fea-
tures are optimized to 20 features. The FFPSO gives optimized features
(best features) for the classification. The performance of FFPSO is com-
pared with classical FFA and PSO techniques. The FFA, PSO and FFPSO
features are classified using SVM, KNN, SCG NN and LMNN as in Table 1.

• Count of Normal beats used for classification—9193.
• Count of RBBB beats user for classification—3778.
• Count of LBBB beats user for classification—6068.
• Total number of beats used for classification—19,039.
• Count of correctly classified beats—18,800.
• Total misclassified beats—239.

For measuring accuracy two parameters sensitivity and specificity
are calculated using the following equations.

Specificity ¼ True Negative
True Negativeþ False Positive

X100 ð11Þ

Sensitivity ¼ True Positive
True Positiveþ False Negative

X100 ð12Þ

Accuracy ¼ TP þ TN
TP þ TN þ FP þ FN

X100 ð13Þ

• TP (True_Positive)= count of all the correctly classified normal beats.
• TN (True_Negative)= count of all beats the correctly classified abnor-
mal beats.

• FP (False_Positive)= count of normal beatswhich are classified as ab-
normal.

• FN (False_Negative)= count of abnormal beatswhich are classified as
normal.

In the training mode we applied multilayer NN and checked the
network performance and decided if any changes were required to
the training process or the data set or the network architecture.

Discussion

The proposed FFPSO is compared against other three BBB detection
algorithms such as Wavelet Transform (WT), Continuous wavelet
Transform (CWT),Wavelet transform and Probabilistic Neural Network
(PNN) in terms of related features selected from the original database
and classification accuracy obtained from different classifiers using
Matlab software.

The work in,18 explores an experimental study of using WT for
extracting relevant features and KNN based classifier for the detection
of BBB. The work presented in,17 uses morphological features for classi-
fication using SVM. The work proposed in,16 uses Arrhythmia dataset

Table 1
Classification with LM NN classifier.

Classifier Sensi Speci Accuracy

FFA + SVM 76.2% 75.47% 72.13%
PSO + SVM 71.0% 73.13% 70.12%
FFPSO + SVM 95.5% 96.9% 96.74%
FFA + SCG NN 88.2% 87.2% 87.9%
PSO + SCG NN 86.1% 85.3% 86.0%
FFPSO + SCG NN 97.42% 92.28% 97.13%
FFA + KNN 53.5% 52.2% 53.22%
PSO + KNN 52.5% 53.2% 65.1%
FFPSO + KNN 92.35% 93.9% 92.17%
FFA + LM NN 93.34.2% 92.2% 93.9%
PSO + LM NN 91.2% 89.2% 80.9%
FFPSO + LM NN 99.97% 98.7% 99.1%
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taken from MIT/BIH repository and 20 morphological and wavelet
features are extracted then PNN is used for supervised learning and clas-
sification. From the experiments, it is concluded that the proposed
FFPSO with LMNN classifier outperformed other three algorithms with
selection of minimal number of relevant features. This increases the
classification accuracy as shown in Table 2. The FFPSO employed to
intelligently select the most relevant features that could increase the
classification accuracy while ignoring noisy and redundant features.

Conclusion

It is evident from the results that hybrid FFPSO approach out per-
forms the other two optimization methods in terms of accuracy and
convergence rates. In the present study, we developed a simple compu-
tational model for the detection of ECG BBB using the FFPSO algorithm.
The FFPSO algorithmwas comparedwith the FFA and PSO . In our study
the following were observed: 1) accuracy 2) convergence speed. The
FFPSO method was shown to provide better results than original FFA
and PSO for all the tested data.

References

1. Mishra Anurag, et al. Optimized gray-scale image watermarking using DWT — SVD
and firefly algorithm. Expert Syst Appl 2014;41(17):7858–7867.

2. Sahu Rabindra Kumar, Panda Sidhartha, Padhan Saroj, et al. A hybrid firefly algorithm
and pattern search technique for automatic generation control of multi area power
systems. Int J Electr Power Energy Syst 2015;64:9–23.

3. Nasir Ahmad NK, Tokhi MO, Ghani N, et al. Novel adaptive bacteria foraging algo-
rithms for global optimization. Applied Computational Intelligence and Soft Comput-
ing; 2014.

4. Passino Kevin M. Biomimicry of bacterial foraging for distributed optimization and
control. Control Syst 2002;22(3):52–67.

5. Liu Y, Passino KM, et al. Biomimicry of social foraging bacteria for distributed optimi-
zation models, principles, and emergent behaviors. J Optim Theory Appl 2002;115(3):
603–628.

6. Kennedy J, Eberhart R, et al. Particle swarm optimization. Proc. IEEE Int. Conf. Neural
Netw; 1995. p. 1942–1948.

7. Back T. Evolutionary algorithms in theory and practice: evolution strategies, evol.
programming. Proc. Genetic Algorithms. London, U.K.: Oxford Univ. Press; 1996

8. Sapna S, Tamilarasi A, KumarMP, et al. Backpropagation learning algorithm based on
levenberg marquardt algorithm. CS and IT-CSCP; 2012;393–398.

9. Goldberger AL, Amaral LA, Glass L, Hausdorff JM, Ivanov PC, Mark RG, Stanley HE,
et al. Physiobank, physiotoolkit, and physionet components of a new research re-
source for complex physiologic signals. Circulation 2000;101(23):e215–e220.

10. Eberhart RC, Kennedy J, et al. A new optimizer using particle swarm theory. Proc.
ISMMH S; 1995. p. 39–43.

11. Melgani F, Bazi Y, et al. Classification of electrocardiogram signals with support vector
machines and particle swarm optimization. IEEE Trans Inf Technol Biomed 2008;12(5).

12. Abd-Elazim SM, Ali ES, et al. A hybrid particle swarm optimization and bacterial for-
aging for optimal power system stabilizers design. Int J Electr Power Energy Syst
2013;46:334–341.

13. Horng Ming-Huwi, et al. Firefly meta-heuristic algorithm for training the radial basis
function network for data classification and disease diagnosis. INTECH Open Access
Publisher; 2012.

14. Pal SK, Rai CS, Singh AP, et al. Comparative study of firefly algorithm and particle
swarm optimization for noisy non-linear optimization problems. Int J Intell Syst
Appl 2002;4(10):50.

15. Dorigo Marco, Stutzle Thomas. The ant colony optimization metaheuristic: algo-
rithms, applications, and advances. Handbook of metaheuristics. US: Springer;
2003;250–285.

16. Yu Wei, et al. Application of multi-objective genetic algorithm to optimize energy ef-
ficiency and thermal comfort in building design. Energy Build 2015;88:135–143.

17. Ceylan Rahime, ozbay Yksel, et al.Wavelet neural network for classification of bundle
branch blocks. Proc World Congr Eng 2011;4(2).

18. Kutlu Yakup, Kuntalp Damla, Kuntalp Mehmet, et al. Arrhythmia classification using
higher order statistics. Signal Processing, Communication and Applications Confer-
ence; 2008.

19. Kora Padmavathi, Sri Rama Krishna K. Improved Bat algorithm for the detection of
myocardial infarction. SpringerPlus 2015;4(1):666.

Table 2
Comparative study for detection of BBB.

Studies Approach Accuracy

R Ceylan et al. (2011)17 Wavelet Transform (WT) 98.1%
Kutlu et al. (2008)18 Continuous Wavelet Transform (CWT) 97.3%
Yu et al. (2007)16 WT and Probabilistic Neural Network 98.39%
Proposed approach FFPSO and Neural Network 99.1%

48 P. Kora, K.S. Rama Krishna / International Journal of the Cardiovascular Academy 2 (2016) 44–48

http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0015
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0015
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0020
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0020
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0020
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0025
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0025
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0025
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0010
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0010
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0030
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0030
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0030
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0035
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0035
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0040
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0040
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0045
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0045
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0110
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0110
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0110
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0055
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0055
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0060
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0060
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0115
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0115
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0115
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0070
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0070
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0070
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0080
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0080
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0080
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0085
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0085
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0085
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0090
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0090
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0095
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0095
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0100
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0100
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0100
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0105
http://refhub.elsevier.com/S2405-8181(15)30041-6/rf0105


Case report

Malignant right coronary artery originating from left coronary sinus

Erkan Yildirim a,⁎, Uygar Cagdas Yuksel a, Baris Bugan b, Murat Celik a, Yalcin Gokoglan a, Ugur Bozlar c

a Gulhane Military Medical Academy, Department of Cardiology, Ankara, Turkey
b Girne Military Hospital, Cardiology Service, Girne, Turkish Republic of Northern Cyprus
c Gulhane Military Medical Academy, Department of Radiology, Ankara, Turkey

a b s t r a c ta r t i c l e i n f o

Article history:
Received 15 November 2015
Accepted 24 November 2015
Available online 15 December 2015

Congenital coronary artery anomalies are rare and usually an incidental finding during selective coronary angi-
ography. Most of these variations appear to be of no clinical significance but some do have potentially serious se-
quelae. Anomalous origin of the right coronary artery from the left sinus of valsalva with subsequent coursing
between the aorta and pulmonary trunk called “malignant course” is a relatively uncommon congenital defect.
In this report we present a patient with a malignant right coronary artery originating from left coronary sinus
© 2015 The Society of Cardiovascular Academy. Production and hosting by Elsevier B.V. All rights reserved.
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Introductıon

Congenital coronary artery anomalies are rare and usually an inci-
dental finding during selective coronary angiography. The incidence of
coronary anomalies was reported as 1.3% in a large registry of patients
undergoing coronary angiogram.1 When there is only one coronary
artery arising from the aortic trunk by a single coronary ostium the
condition is called single coronary artery (SCA).Most of these variations
appear to be of no clinical significance but some do have potentially
serious sequelae.2 Anomalous origin of the right coronary artery from
the left sinus of valsalva with subsequent coursing between the aorta
and pulmonary trunk called “malignant course” is a relatively uncom-
mon congenital defect. The prevalence rate for the RCA branching
from the left coronary sinus was reported as 0.43% in patients undergo-
ing computed tomography coronary angiography.3 Angiography based
reports revealed this incidence between 0.03 and 0.17%.1 It is well
established that this anomaly can cause angina pectoris, myocardial
infarction, or sudden cardiac death in the absence of atherosclerosis.4

In this report, we present a patient with a malignant right coronary
artery originating from left coronary sinus

Case report

A 63-year-old man with hypertension and chronic obstructive
pulmonary disease was admitted to our clinic for evaluation of
atypical chest pain and palpitation. On admission, his blood pressure

was 120/85mmHg and the pulse rate was 76 beats/min and a 2/6 degree
apical pansystolic murmur was heard. The 12-lead electrocardiography
(ECG) showed normal sinus rhythm. Transthoracic echocardiography
showed a mildly dilated left atrium with mild-to-moderate mitral
regurgitation and preserved ejection fraction. Treadmill exercise testing
with the Bruce protocol was ambigous. Ambulatory 24 hour ECG showed
frequent ventricular extrasystoles (VES). The selective coronary
angiography was performed. Right coronary artery was vizualized as
anomalously originating from left coronary sinus valsalva (Fig. 1A). The
attempt to engage the right coronary catheter to the right coronary artery
was unsuccessful and aortic root angiography showed no coronary osti-
um originating from the right sinus of valsalva. The coronary system
was free of significant atherosclerotic disease. 320-slice ECG-gatedmulti-
detector computed tomography (prospective gating) showed a right cor-
onary artery originating from left coronary sinus with an interarterial
course called “malignant course” (Fig. 1B–C–D). As the stress myocardial
perfusion detected no ischemia, the patient was discharged with the
medical treatment including beta blocker threapy for frequent VES and
has been followed up at the outpatient clinic uneventfully for two years.

Discussion

When a single coronary ostium provides blood flow for supplying
the entire heart, the condition is called SCA. SCA is a rare congenital
anomaly of the coronary circulation and is associated with other con-
genital cardiac malformations such as transposition of the great vessels,
coronary arteriovenous fistula, or bicuspid aortic valve.1 SCA has gener-
ally been regarded as a benign anomaly. The prevalence of anomalous
origin and course of coronary arteries is about 0.7–1.96%.5,6 The anoma-
lous origin may have interarterial, retro-aortic, prepulmonic or septal
course, the most common being inter-arterial. If RCA course is not

International Journal of the Cardiovascular Academy 2 (2016) 49–51

☆ There is no conflict of interest.
⁎ Corresponding author. Tel.: +90 530 7616398; fax: +90 392 815 63 67.

E-mail address: dr_erkanyildirim@yahoo.com.tr (E. Yildirim).
Peer review under responsibility of The Society of Cardiovascular Academy.

http://dx.doi.org/10.1016/j.ijcac.2015.11.004
2405-8181/© 2015 The Society of Cardiovascular Academy. Production and hosting by Elsevier B.V. All rights reserved. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Contents lists available at ScienceDirect

International Journal of the Cardiovascular Academy

j ourna l homepage: www.e lsev ie r .com/ locate / i j cac

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcac.2015.11.004&domain=pdf
mailto:dr_erkanyildirim@yahoo.com.tr
http://dx.doi.org/10.1016/j.ijcac.2015.11.004
www.elsevier.com/locate/ijcac


between aorta and pulmonary artery, this anomaly is accepted as rela-
tively benign form. A malignant or interarterial course of the right or
left coronary artery arising from the opposite coronary sinus has been
well described and may have serious sequelae. The interarterial course
of a single coronary vessel is subject to compression, which may result
in a higher incidence of angina, myocardial infarction, and sudden
death. In a majority of previously reported cases, sudden death was trig-
gered by exertion and most of these patients have a positive exercise
stress test.7 Several factors including acute angulation at the origin, com-
pression of the vessel between the aorta and pulmonary artery, slit like
ostium and intramural proximal intussusception of the ectopic artery at
the aortic-root wall have been proposed for this association.8 The tradi-
tional terminology (interarterial course) implies that the aberrant artery
was liable to a scissors-likemechanism, created by the close proximity of
the aorta and pulmonary artery. Compared with invasive angiography,
multidetector computed tomography allows a more accurate depiction
of the origin and course of the anomalous coronary artery. In combination
with stress myocardial perfusion, multidetector computed tomography
can provide an accurate diagnosis and a complete anatomic and function-
al assessment of this potentially lethal anomaly to guide patient
management.9,10 The prognosis in single coronary artery is unclear. The
incidence of sudden death with this anomaly is estimated at 25–40%
and is associated with exercise in most of the reported cases.11 Revascu-
larization is recommended for documented coronary ischemia in the set-
ting of an anomalous coronary artery coursing between aorta and
pulmonary arteries by American College of Cardiology and American
Heart Association (ACC/AHA) guidelines for congenital heart diseases.12

In the present case we decided a conservative strategy, as the patient
lived uneventfully for 70 years and there was no documented ischemia
with SPECT myocardial perfusion imaging.

Conclusion

Most of these variations appear to be of no clinical significance but
some do have potentially serious sequelae. Anomalous origin of the
RCA from the left sinus of valsalva with subsequent coursing between
the aorta and pulmonary trunk is called “malignant course”. It is well
established that this anomaly can cause angina pectoris, myocardial
infarction, or sudden cardiac death in the absence of atherosclerosis. Re-
vascularization is recommended only if there is substantial atheroscle-
rosis and documented ischemia.
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Coronary Slow Flow Phenomenon (CSFP) is an angiographic phenomenon in which vessel opacification is de-
layedwithout any evidence of obstructive epicardial coronary disease.We aim to present, in this paper, extreme-
ly slow coronary flowalongwith its severe clinicalmanifestation. A 47-year-oldmale patientwas admitted to our
emergency department with ST elevation myocardial infarction caused by coronary slow flow. Oral
Acetylsalicylic acid, nebivolol and atorvastatin therapy successfully resulted in complete resolution of his symp-
toms during the 18-month observation.
© 2015 The Society of Cardiovascular Academy. Production and hosting by Elsevier B.V. All rights reserved.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

The Coronary Slow Flow Phenomenon (CSFP), an angiographic phe-
nomenon first described by Tambe et al. in 1972, refers to the slow
movement of contrast agents in the coronary arteries without signifi-
cant stenosis ormyocardial bridge.1 The Thrombolysis inMyocardial In-
farction (TIMI) frame count, a reproducible index of coronary flow,
functions as the quantitative measurement of coronary slow flow.2

More specifically, it is a numerical representation of cine frames which
are necessary for the contrast agents to reach a pre-specified distal cor-
onary artery landmark. The process is continuous with a correction
through normalization of the left anterior descending artery (LAD).
The corrected TIMI frame count (CTFC) is the division of the absolute
TIMI frame count in the LAD by 1.7. The CSFP phenomenon is character-
ized by CTFC N2 standard deviations from normal published range
(21±3).2 It has been reported that 1–5.5%of patientswhoundergo cor-
onary angiography experience CSFP.3 However, the pathophysiology of
CSFP has not been comprehensively discerned. In this paper, we present
a rare case of STEMI caused by coronary slow flow, whichmight help us
to understand better the CSFP.

Case

A47-year-oldmanwho complained of chest pain spreading towards
his shoulder, the pain having begun nearly an hour prior, was admitted
into our emergency department. His blood pressure was 110/

75 mm Hg, his heart rate was 52 beats/min, and his cardiopulmonary
examination was normal. His electrocardiogram showed ST elevation
in leads V1–4 (Fig. 1A). Then, he was immediately taken to the labora-
tory for coronary angiography. There was no significant stenosis, coro-
nary vasospasm or myocardial bridge in coronary angiography.
Further, intracoronary nitro-glycerine fusion was performed to exclude
vasospastic angina. However, no change in ST elevation was observed.
On the other hand, advanced-degree slow flow was observed in the
LAD and right coronary artery (RCA). The TIMI frame-count method
was used to measure the degree of slow flow. The CTFCs were observed
to be 52 frames for the left anterior descending coronary artery (Fig. 2A)
and 35 frames for the RCA (Fig. 2B). After about 30 min, the patient's
chest pain had disappeared completely; ST elevation improved
(Fig. 1B); and Troponin I was slightly elevated (Troponin I 0.24 μg/L
(normal range, 0.010–0.023 μg/L)). In terms of lipid profile, the findings
were as follows: total cholesterol: 182 mg/dL, LDL: 109 mg/dL, HDL: 35
mg/dL, and TG: 192 mg/dL. Other biochemical values were normal, his
body mass index was in the normal range, and there were no cardiac
risk factors other than smoking. Two-dimensional echocardiography
showed normal left ventricle function and no wall motion abnormali-
ties. Acetylsalicylic acid 300 mg, nebivolol 5 mg and atorvastatin
20 mg were started. The patient was discharged without chest pain
after four days with a prescription of acetylsalicylic acid 100 mg,
nebivolol 5 mg and atorvastatin 20mg. There was no complaint report-
ed during the 18-month period after discharge.

Discussion

Recurrent chest pain is a commonly observed symptom among
patients with CSFP.4 Although it is rare, CSFP may also lead to life-
threatening situations such as ST elevation myocardial infarction
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(STEMI), ventricular arrhythmias, and sudden cardiac death.5–10

Recently, a patient presented as having acute coronary syndrome re-
portedly illustrated an association between CSFP and a new onset of in-
termittent left bundle branch block (LBBB).11 Also, Sunbul et al.12

suggested that slow coronary flow might lead to ST segment elevation
in the exercise stress test.

Although different theories have been posited regarding the causes
of CSFP, research has not been able to discern comprehensively its path-
ogenesis. In a variety of researches, small vessel disease, endothelial
dysfunction, subclinical atherosclerosis, inflammation, and anatomic
properties of coronary arteries have been reported as existing in associ-
ation with CSFP. Among these, small vessel dysfunction is one of the
most typical of the pathogenesis of CSFP.13 In an effort to confirm this
hypothesis, Beltrame et al. suggested that fibromuscular hyperplasia,
medial hypertrophy, myointimal proliferation, endothelial edema, and
the thickening aswell as the degeneration of the coronarymicro-vessels
correspond with the phenomenon.14 Therefore, it is perhaps more
fitting to suggest that the coronary microcirculation might be a result
of the coexistence of structural and functional abnormalities. In a
variety of cases, patients with CSFP were reported to have increased
levels of plasma homocysteine, increased endothelin-1 release and
reduced nitric oxide bioactivity, which indicated impaired endothelial
function.3,15–18 CSFP patients have metabolic syndrome more
frequently.19 As a result of the use of IVUS technique and flow ratemea-
surements, diffuse intimal thickening, widespread calcification along
the coronary vessel wall, and non-obstructive atheromatous coronary

changes were reported among patients with CSFP.20 Based on the data
presented here, it can be argued that CSFP might reflect diffuse, non-
obstructive atherosclerotic disease of epicardial vessels together with
microvascular disease. Moreover, elevated plasma concentration of
high-sensitivity C-reactive protein and interleukin-6 were documented
among CSFP patients.21 In a similar vein, higher levels of plasma-soluble
adhesion molecules such as intercellular adhesion molecule-1, vascular
cell adhesion molecule-1 and E-selectin were reported to exist in rela-
tion to coronary slow flow.22 Red cell distribution width and serum
uric acid levels, among other inflammatorymarkers, were studied in as-
sociation with CSFP patients.23,24 In endothelial dysfunction, abnormal-
ities in inflammatory parameters can possibly be an indicator; both of
these contribute to coronary slow flow. Shao-Ping et al.25 demonstrated
the existence of CSFP in relation to higher tortuosity and more distal
branches in coronary arteries. Thus, certain anatomic properties of cor-
onary arteries could be alleged to have an effect on disturbed coronary
flow and endothelial damage, therefore resulting in CSFP.

Treatment for CSFP has not yet been clearly defined, but several
drugs have proven to be effective at various levels. So far, pharmacolog-
ical therapy for CSFP has not been executed on a large scale. Certain
small studies have presented evidence regarding the drugs. In some
studies, dipyridamole, mibefradil and nitroglycerine have been used
for the treatment of CSFP.19,26 Statins present certain benefits for CSFP
patients, partially owing to their anti-inflammatory properties.27

Nebivolol not only can improve endothelial function but also can
remedy symptoms considerably; therefore, the drug enhances the

Fig. 1. The electrocardiogram shows ST elevation in leads V1–4 during presence of chest pain (A). ST elevation improved after disappearance of chest pain (B).
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quality of life among CSFP patients.28–30 Moreover, it might serve as a
beta-receptor blocker and, due to increased nitric oxide release, result
in endothelium-dependent vasodilatation.28

Conclusion

Slow flowmight sound like aminor condition; however, it can result
in such a fatal condition as STEMI. With proper treatment, on the other
hand, symptoms are reduced. In conclusion, we recommend that CSFP
be considered in the etiology of chest pain with ST elevation.
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