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ABSTRACT Objective: In this study, we aimed to evaluate mid term results of mitral propagation velocity (Vp), tricuspid annular
plane systolic excursion (TAPSE), biventricular volumes, biventricular tissue Doppler findings, brain natriuretic peptide levels (BNP)
and exercise test data in children with repaired Fallot tetralogy and investigate the relationship between these variables and clinical
status. Material and Methods: Patients with repaired TOF (mean age, 11.6 = 2.7 years, 14 boys, 11 girls) and 25 healthy controls (mean
age 12.3 + 2.3 years, 11 boys, 14 girls) were selected from clinical database. All patients were classified as NYHA functional class I. Forty
percent of patients had palliative shunts before corrective surgery (Blalock-Taussig shunt in 10 patients). We obtained color M-mode
Vp, biventricular tissue Doppler myocardial velocities and performance indices, right ventricular end-diastolic and end-systolic vol-
umes and M-mode TAPSE values. Duration of exercise, blood pressure, maximum heart rate and pulse oximetry were recorded con-
tinuously in exercise testing. Venous blood samples for the determination of BNP values were obtained from all patients before and
after the exercise test. Resnlts: There were no significant differences between the levels of brain natriuretic peptide before and after
exercise in the study group (p=0.320, p=0.321 respectively). Comparison of brain natriuretic peptide levels after exercise in the study
group revealed that patients who had modified BT shunts before corrective surgery had significantly higher levels compared to patients
who had not history of modified BT shunt (p=0.013). Right ventricular end-diastolic and end-systolic volume indexed to body surface
area was significantly higher in patients than in controls (p=0.001). Patient group had higher left ventricular eccentricity index
(p=0.001). In the patient group, mitral and tricuspid annular systolic velocities, early and late diastolic myocardial velocities were
found to be significantly lower than those in the control group (p=0.004, p=0.001, p=0.04 and p<0.001, p<0.001, p=0.003 respectively).
The right ventricular and left ventricular myocardial performance indices were significantly higher in the patients group than in con-
trols (p<0.01). The mean TAPSE values were significantly lower in the study group when compared with healthy subjects (p=0.001).
Vp were higher in patient group, however there was no statistical significance (p=0.655). Duration of follow-up after surgery was pos-
itively correlated with right ventricular end-diastolic volume and right ventricular end-systolic volume in the patient group (r=0.589,
r=0.445 respectively). Conclusion: Higher tissue Doppler myocardial performance indices in both ventricles can be accepted as a proof
of biventricular dysfunction in the midterm follow-up of children with repaired TOF. Mid-term follow-results of children with re-
paired TOF did not reveal any statistical difference in terms of mitral flow propagation velocity (Vp). To the best of our knowledge,
there are no studies on Vp in these subjects. TAPSE along with BNP can be used in the follow-up of patients with repaired TOF.

Key Words: Tetralogy of Fallot; tissue Doppler echocardiography; mitral flow propagation velocity;
tricuspid annular planar systolic excursion

OZET Amag: Bu calismada Fallot tetraloji (FT) nedeniyle tiim diizeltme ameliyati olan cocuklarda orta dénemde mitral akim yayilma
hiz1 (Vp), trikuspit anuler pik sistolik esneme mesafesi (TAPSE), heriki ventrikiil hacimleri, heriki ventrikiil doku Doppler bulgulari,
beyin natriiiretik peptid diizeyi (BNP) ve egzersiz testi verileri ile klinik durumlar1 arasindaki iligki degerlendirildi. Gereg ve Yén-
temler: FT nedeniyle opere olan 25 hasta (ortalama yas 11.6 + 2.7 y1l, 14 erkek) ve 25 saglikli kontrol grubu (ortalama yas 12.3 + 2.3
yil, 11 erkek) ¢alismaya dahil edildi. Tiim hastalarin fonksiyonel sinift NYHA T idi. Tiim diizeltme 6ncesi 10 hastaya (%40) modifiye
Blalock-Taussig sant uygulanmisti. Renkli M-mod mitral akim yayilma hiz1 (Vp), heriki ventrikiil doku Doppler miyokardiyal hizlar
ve performans indeksi, sag ventrikiil diyastol ve sistol sonu hacimler ve M-mod TAPSE degeri elde edildi. Egzersiz siiresi, egzersiz sii-
resince saturasyon degeri, maksimum kalp hiz1 ve kan basinci kayit edildi. Hasta grubunda egzersiz 6ncesi ve sonras1 BNP diizeyi igin
vendz kan 6rnegi alindi. Bulgular: Hasta grubunda egzersiz 6ncesi ve sonrast BNP diizeyi arasinda anlamli fark bulunmad (p=0.320,
p=0.321 sirasiyla). Tiim diizeltme ameliyat1 6ncesi BT sant uygulanan hasta alt grubunda BNP diizeyi sant yapilmamus alt gruba gore
anlamh yiiksekti (p=0.013). Sag ventrikiil diyastol ve sistol sonu hacim indeksi hasta grubunda kontrol grubundan anlamh yiiksek idi
(p=0.001). Hasta grubunda sol ventrikiil egzantrisite indeksi anlaml yiiksekti (p=0.001). Hasta grubunda mitral ve trikuspit anulusa ait
sistolik miyokardiyal hiz, erken ve ge¢ diyastolik miyokardiyal hizlar anlaml diisiik saptandi (p=0.004, p=0.001, p=0.04 ve p<0.001,
p<0.001, p=0.003 sirasiyla). Sag ve sol ventrikiil miyokardiyal performans indeksi hasta grubunda anlamh yiiksekti (p<0.01). Ortalama
TAPSE degerleri hasta grubunda kontrol grubundan anlaml disiik bulundu (p<0.001). Hasta grubunda mitral Vp daha yiiksek idi
ancak anlamh fark saptanmadi (p=0.655). Postop takip siiresi ile sag ventrikiil diyastol ve sistol sonu hacim indeksi arasinda pozitif ili-
ski saptandi (r=0.589, r=0.445 sirasiyla). Sonug: Orta dénem izlemde heriki ventrikiil doku Doppler miyokardiyal performans indek-
sinin yiiksek olusu biventrikiiler disfonksiyon kanit1 olarak kabul edilebilir. Tiim diizeltme ameliyat: yapilan FT’li ¢ocuklarda orta
dénemde mitral akim yayilma hizinda istatistiksel olarak anlamli bir fark bulunmamustir. Bildigimiz kadariyla literatiirde Vp ile ilgili
bir galigma yoktur. TAPSE ve BNP tiim diizeltme ameliyat1 yapilan FT’li ocuklarda takipte kullamlabilir.

Anahtar Kelimeler: Fallot tetralojisi; doku Doppler ekokardiyografi; mitral akim yayilma hizi;
trikuspit anuler pik sistolik esneme mesafesi
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ong-term survival after repair of tetralogy of
LFallot is reported to be excellent, however,

still lower than the normal population due
to functional compromise of both ventricles.' This
vulnerability is strongly attributed to pulmonary
regurgitation, which may cause right ventricular
dilatation and dysfunction.* While former studies
mostly concentrated on the relationship between
exercise capacity and right ventricular perform-
ance, more recent studies emphasize the impor-
tance of both left and right ventricular functions as
determinants of symptomatic status.>> Assessment
of right ventricular (RV) function by echocardiog-
raphy is challenging due to its atypical form and al-
teration of filling with respiration.® However,
newer modalities, such as tissue Doppler imaging
(TDI) allow the direct measurement of myocardial
velocities and it has been used to evaluate RV func-
tion in patients with congenital heart disease.” The
analysis of biomarkers that indicate the clinical
functional status and the ventricular function is
possibly a convenient alternative approach.?

Color M-mode propagation velocity (Vp) is a
sensitive noninvasive indicator of reduced diastolic
relaxation in adults.” The application of tricuspid
annular plane systolic excursion (TAPSE) as an
echocardiography tool to systolic right ventricular
function has been established in adults. Measure-
ment of TAPSE may evaluate right ventricular
function in a simple, repeatable and reproducible
way.'? Limited data is available regarding TAPSE,
Vp, BNP, right and left ventricular functions, ex-
ercise test and the relationship of these parameters
with exercise capacity.

The aim of this study is to investigate Vp,
TAPSE, BNP levels and right and left ventricular
tissue Doppler indices in patients with repaired
tetralogy of Fallot. We hypothesized that left ven-
tricular Vp and TAPSE could be useful in the eval-
uation of children with tetralogy of Fallot.

I MATERIAL AND METHODS

Study Population: Thirty-six patients who had un-
dergone TOF surgery were randomly selected for
this cross-sectional study. However, parents of six
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patients did not give consent for the analysis. Two
patients who had acute infection and chronic lung
disease at the time of analysis, and 3 patients who
were using beta-blockers or angiotensin convert-
ing enzyme inhibitor agents were excluded from
the study. Therefore, 25 patients (14 males, 11 fe-
males) were included in this study. The age range
of the study group was 6.1-16.7 years, while that of
the control group was 6.7-16.7 years. This age
group allowed adequate cooperation from children
for pulmonary function and exercise tests. The fol-
lowing data were collected: age, gender, previous
palliative surgery, type of surgery, follow-up pe-
riod since operation and history of arrhythmia.
Twenty-five age- and sex-matched subjects (11
boys, 14 girls) were enrolled as controls. These con-
trol subjects were healthy children who were fol-
lowed up in the Pediatric Cardiology Outpatient
Clinic for nonspecific palpitations and chest pain.
Transthoracic echocardiography did not reveal any
abnormalities in any of the control subjects, and
none had cardiovascular disease. Body weight and
height were measured, and the body surface area
was calculated according to the DuBois formula.!!
Written informed consent was obtained from all
patients or parents to participate in the study fol-
lowing explanation of the study. The study proto-
col was reviewed and approved by the Institutional
Ethical Committee.

ELECTROCARDIOGRAPHY

Standard surface electrocardiography with 12 der-
ivations was obtained from all subjects after 15
minutes of resting. QRS and PR durations were
measured. Presence of any arrhythmia or bundle
branch block patterns was recorded. The duration
of the QT interval was corrected using Bazett’s for-
mula."?

ECHOCARDIOGRAPHY

Comprehensive transthoracic echocardiography
was performed using the Vivid S6 system (General
Electric Healthcare, Milwaukee, W1, USA). The av-
erage of measurements from 3 cardiac cycles was
used for statistical analyses. Apical and subcostal
four-chamber views were obtained to assess Simp-
son’s right ventricular ejection fraction. Based on
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FIGURE 1: Color M-mode recording of left ventricle to measure propagation velocity.

these views, the distance from the atrioventricular
valve to the right ventricular apex, atrioventricular
diameter and mid-ventricular dimension at the
end-diastole were measured as reported previ-
ously.”® The Simpson’s rule method was used to
measure RV volumes.™

Measured right ventricular systolic and dias-
tolic volumes were indexed to the body surface
area. Right ventricular systolic and diastolic pres-
sures were measured with the modified Bernoulli
equation, using the peak systolic tricuspid regurgi-
tation and end-diastolic pulmonary regurgitation
velocity. M-mode sample volume was placed at the
connection of the tricuspid plane and RV free wall
at the apical 4-chamber view.

Pulsed-wave Doppler echocardiography was
used to obtain the peak tricuspid and mitral veloc-
ities at early (E wave) and late diastole (A wave),
E/A ratios and deceleration times. Tissue Doppler
echocardiographic images were obtained from an
apical 4-chamber view at the right ventricular and
the left ventricular free wall. Filters were set to
eliminate high frequencies. Nyquist limits were
modified to 15-20 cm/s, gains were minimized to
allow for less background noise as described previ-
ously.! The sample volume was placed in the ven-
tricular myocardium immediately adjacent to the
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lateral mitral and tricuspid annulus to measure my-
ocardial velocities. Sample volume was adjusted to
2 mm and systolic myocardial velocity (Sm), early
diastolic myocardial velocity (Em), and late dias-
tolic myocardial velocity (Am) were measured.
Myocardial performance index (MPI) for RV and
LV was calculated as the sum of the isovolumic
contraction and relaxation times divided by the
ejection time."* MPI parameters were measured
using tissue Doppler imaging. Doppler tracings
were recorded at a speed of 100 mm.s” in all pa-
tients. Mean propagation velocity (Vp) was esti-
mated in three consecutive cycles (Figure 1).

TAPSE was measured by 2- dimensional
echocardiography-guided M-mode recordings from
the apical 4-chamber view with the cursor pointed
at the free wall of the tricuspid annulus.”® Pul-
monary regurgitation and total diastole durations
were measured by continuous wave (CW) Doppler
echocardiography in parasternal short-axis views,
and pulmonary regurgitation index was calculated
using pulmonary regurgitation duration and total
diastole duration.'®

EXERCISE TEST

Exercise test (ET) was performed on a treadmill ac-
cording to the Bruce protocol. The heart rate and
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electrocardiographic changes were monitored con-
tinuously; blood pressure was measured every
minute with an indirect automatic manometer
throughout the test. ST elevation or depression,
negative T-waves, maximum blood pressure, heart
rate, and if present, symptoms were noted. QRS du-
ration and QTc were calculated during exercise.
The decrease in SpO, during exercise [ASpO,=SpO,
(rest) - SpO2 (at maximal exercise)] was accepted
as abnormal if it was 4%, and the exercise SpO, was
considered to be markedly decreased if it was 84%.

BRAIN NATRIURETIC PEPTIDE (BNP) MEASUREMENT

Venous blood samples were obtained from all sub-
jects before and after the 6SMWT. The plasma BNP
level was measured using the Triage BNP im-
munoassay (Biosite Diagnostics Inc., San Diego,
California, USA). For the cut-off value of 100
pg/ml, the assay showed 82% sensitivity and 99%
specificity for differentiating heart failure from
normal cardiac function."’

STATISTICAL ANALYSIS

Results are presented as mean + SD unless other-
wise specified. Values of P < 0.05 were considered
statistically significant. Initially, Kolmogorov-
Smirnov tests were performed for equality of dis-
tribution relating to all variables. Comparison of
demographic, clinical, and echocardiographic data
between patient and control groups were made
using Fisher’s exact test for categorical variables
and Mann-Whitney U test and Student’s t test for

continuous variables. Pearson or Spearman corre-
lation tests were used for correlation analyses. We
used SPSS 17.0 (SPSS; Chicago, IL, USA) for statis-
tical analysis.

I RESULTS

Baseline clinical characteristics of patients and
healthy subjects are given in Table 1. Age, distri-
bution of sex and body weight was similar in both
groups. All patients were classified as NYHA func-
tional class I at the time of study enrolment. Ten
patients (40%) had had palliative shunts (modified
Blalock-Taussig) before corrective surgery. Nine-
teen patients (76%) had a transannular patch, 4 had
bovine valve (Contegra), and one patient (4%) had
a pulmonary homograft. In the patient group, age
at corrective surgery was 5.1+3.5 years (range
1-14), the duration between palliative operation to
corrective surgery was 4.3 = 2.0 years (range 2-9),
and the follow-up period after corrective surgery
was 6.3 + 3.0 years (range 2-12).

ELECTROCARDIOGRAPHIC DATA

The heart rate was significantly lower in the pa-
tient group as compared to healthy controls
(95+10 /min vs. 108+16 /min, respectively). The
QRS durations and corrected QT intervals were
significantly higher in the patient group than in
controls (125+21 ms vs 89+9 ms; 438+32 ms vs
408+10 ms, respectively). Eighteen patients (72%)
had a complete right bundle branch block, 1 pa-
tient an incomplete right bundle branch block

TABLE 1: Clinical characteristics of patient and control groups.*

Variables Patients (n=25) Controls (n=25) p values
Age 11.6+27 12323 0.41
Sex male (n(%)) 14 (%56) 11 (%55) 0.94
Body weight (kg) 38.3+£13.6 44 +£13 0.24
Resting heart rate (min) 95 + 10 (78-115) 108 + 16 (77-130) 0.011
Average heart rate at peak exercise (min) 155+ 25 (114 -199) 185 + 9 (168— 198) 0.027
Oxygen saturation at rest (percentage) 97.3+14 98.2+0.6 0.038
Oxygen saturation after exercise test (percentage) 97.2+15 982+0.6 0.039
QRS duration (ms) 125+ 21 89+9 0.011
QTc duration {ms) 438 + 32 408 + 10 0.011

*Data are expressed as mean + SD or number unless otherwise indicated.
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and another a first degree atrioventricular block.
There were no arrhythmia or block in the control
group.

NEUROHORMONAL VARIABLES

Only one patient had an abnormal level of BNP,
which was measured before the six-minute walk-
ing test (6(MWT). There were no significant differ-
ences between the levels of BNP before and after
the 6MWT in the study group (39.1+33.6 ng/L,
30.9+22.4 ng/L, respectively; p>0.05). Comparison
of BNP levels after the 6MWT in the study group
revealed that patients who had modified BT shunts
before corrective surgery had significantly higher
levels as compared to patients without a history of
modified Blalock-Taussig (mBT) shunt (44.6 +20.9
ng/L, 21.8 + 18.8 ng/L, respectively; p=0.013).

EXERCISE TEST

All subjects showed a normal exercise test. There
were no electrocardiographic changes or symptoms
during the test. Exercise test results are summa-

rized in Table 1. When compared to patients,
healthy subjects had significantly higher resting
heart rates and average heart rates at peak exercise
(p = 0.011, p= 0.027; respectively). Mean resting
SpO, and SpO, at peak exercise levels were signif-
icantly lower in children with TOF compared with
controls.

ECHOCARDIOGRAPHIC DATA

Left ventricular systolic and diastolic diameters and
systolic function parameters were lower in the pa-
tient group as compared to the control group, as
shown in Table 2. However, LV ejection fraction
(EF) and fractional shortening (FS) were within
normal limits (EF range: 58-80%, FS range: 29-
48%; respectively). Mean values of right ventricu-
lar end-diastolic volume, end-systolic volume,
end-diastolic area and end-systolic area were sig-
nificantly higher in the patient group than in the
healthy subjects (p<0.001, Table 2).

Right ventricular ejection fraction, as calcu-
lated with the modified Simpson’s rule, was lower

TABLE 2: Motion-mode and tissue Doppler echocardiography data of patient and control groups.

Variables Patients (n=25)
LVEDD {mm) 3.84+0.56(2.9-5.0)
LVESD (mm) 250037 (1.9-3.2)
EF (%) 64 + 3 (58- 80)
FS (%) 34 +4(29-48)

LV eccentricity index 125+0.1 (1.04-1.53)
0.10+0.02 (0.07-0.17)
0.11+£0.03 (0.06-0.18)
0.07 £ 0.02 (0.05-0.13)
1.51 + 0.45 (0.67 - 2.57)
0.09 +0.02 (0.06 - 0.15)
0.14 £ 0.03 (0.05- 0.22)

0.06 + 0.01 (0.04 - 0.10)

Tricuspid Sm (m/s)
Tricuspid Em (m/s)
Tricuspid Am (m/s)
Tricuspid Em/Am
Mitral Sm (m/s)
Mitral Em (m/s)
Mitral Am (m/s)

Mitral Em/Am 2.2+ 0.49 (0.63-3.0)
RVEDA (cm?) 23.4+58 (13.7-345)
RVEDV index (ml/m?) 65.9.21.9 (33— 113)
RVESA (cm?) 17.2+3.8(9.9-25.9)

RVESV index {ml/m?) 39.8+10.9 (20 - 63)

Controls (n=25) p
430+£041(36-4.8) 0.017
277+0.28(22-32) 0.022

67 £ 3 (60-71) 0.035
37+2(32-41) 0.015
1.09+0.06 (1.03-1.27) <0.001
0.14+0.02 (0.10-0.20) <0.001
0.16 £ 0.02 (0.12-0.21) <0.001
0.10 0.01 (0.08-0.13) 0.003
1.6 £0.27 (1.23-2.22) 0.541
0.12+0.01 (0.10-0.17) 0.004
0.19 £ 0.02 (0.16 - 0.24) 0.001
0.07 £0.01 (0.05- 0.10) 0.04
25+0.51(2.0-3.6) 0.11
16.1£3.6 (11.6-23.9) <0.001
36.7+12.1(22-63) <0.001
10.1£23(6.7-14) <0.001
18.3+5.8(9-27) <0.001

Data are expressed as mean + SD (range). Am: late diastolic myocardial velocity; EF: ejection fraction; Em: early diastolic myocardial velocity; FS: Fractional shortening;
Sm: systolic myocardial velocity; LV: left ventricle; LVEDD: left ventricular end-diastolic diameter; LVEDS: left ventricular end-systolic diameter;
RVEDA: Right ventricular end-diastolic area; RVEDV index: right ventricular end-diastolic volume index; RVESA: Right ventricular end-systolic area;

RVESV index: right ventricular end-systolic volume index.
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TABLE 3: Right and left ventricular myocardial performance indices, PRi, TAPSE and Vp data of patients and
healthy subjects.

Variables Patients (n=25)
1.25+ 0.1 (1.04-1.53)
0.51+0.08 (0.36 - 0.70)
Left ventricular MPI 0.49 £0.11 (0.3-0.75)
PRi 0.65+0.09 (0.41-0.83)
TAPSE (mm) 18.73.2(12-24)

Vp (cm/sn) 101 + 34 (55 - 167)

Left ventricle eccentricity index
Right ventricular MPI

Controls (n=25) p
1.09+ 0.06 (1.03-1.27) <0.001
0.41+0.06 (0.28 - 0.52) 0.002
0.36 £ 0.05 {0.28 - 0.45) 0.001
0.54 +0.21 (0.29-0.91) <0.001

23.2+1.9 (20 - 26) 0.03
97 + 23 (58 - 153) 0.655

Data are expressed as mean + SD (range). A measured using Simpson method. MPI, myocardial performance index; PRi, pulmonary regurgitation index; TAPSE, tricuspid annular

planar systolic excursion; Vp, propagation velocity.

in the patient group as compared to control sub-
jects (38.3 + 7.9% vs. 49 + 6.7%; p<0.001). Right
ventricular end diastolic volume indexed to body
surface area was significantly higher in patients
than controls (65.9 + 21.9 ml/m?, 36.7 + 12.1 ml/m2,
respectively; p<0.001). Compared to the control
group, the patient group had higher left ventricle
eccentricity index (p< 0.001), higher tricuspid A
wave velocity (p=0.001), lower E/A ratio (p< 0.001),
lower tricuspid (p<0.001) and mitral (p=0.004) an-
nular Sm velocities, lower tricuspid (p< 0.001) and
mitral (p=0.001) annular Em velocities and lower
tricuspid (p=0.003) and mitral (p=0.04) annular Am
velocities (Table 2).

The right ventricular and left ventricular my-
ocardial performance indices were significantly
higher in patients with tetralogy of Fallot (p<0.01)
(Table 3). Patients had significantly higher right
ventricular systolic pressures than in controls (15.2
+5 vs 7 + 2 mmHg; p=0.005). None of the study
subjects had severe tricuspid regurgitation, signifi-
cant pulmonary outflow obstruction or residual
ventricular septal defects. Pulmonary regurgitation
was mild in 5 patients, moderate in 19 patients and
severe in 5 patients. In the patient group, pul-
monary regurgitation index was found to be sig-
nificantly higher than those in the control group
(p=0.03). There was no statistically significant dif-
ference between the control and study subjects re-
garding Vp levels (p=0,655).

In the patient group, there were two patients
with a TAPSE distance below 15 mm. One of them
had undergone a mBT procedure 9 years ago, a
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Brock procedure 2 years ago, and total correction
with a Contegra conduit. The other one had had a
mBT 4 years before total correction. In the patient
group, TAPSE distance was significantly lower
than that of the control group (p<0.001) (Table 3).

BNP level after exercise displayed significant
correlation to age at operation (r=0.485, p=0.014).
Duration of follow-up after surgery was positively
correlated with RV end-diastolic volume index
(r=0.587, p=0.02) and RV end-systolic volume
index (r=0.598, p=0.02). Right ventricular MPI had
significant negative correlation with 6MWT dis-
tance (r=0.461, p=0.02) and BNP levels after exer-
cise (r=0.426, p=0.034).

I DISCUSSION

Several authors emphasized the importance of left
ventricular function in the evaluation of patients
with TOF. Right and left ventricular dysfunction
as shown by decreased mitral and tricuspid systolic
and diastolic velocities, and increased myocardial
performance indices in the current study is consis-
tent with the findings of previous studies.'®

Tei index or MPI has been accepted as a reli-
able method to quantitatively determine ventricu-
lar function.' MPI reflects systolic and diastolic
functions of both ventricles. In the current study,
mean RV and LV MPI values (0.51+0.08, 0.49 +
011, respectively) in children with repaired tetral-
ogy of Fallot were higher as compared to the
healthy subjects, demonstrating biventricular dys-
function. Our data of biventricular MPI agree with
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those of Samman et al. who revealed an association
between biventricular dysfunction (higher MPI
levels) and limited exercise capacity in adults with
repaired tetralogy of Fallot.!” Samman et al. also
showed a direct relation between right ventricular
MPI and left ventricular MPI. However, we did not
observe such an association in our study. This can
be explained by the difference in mean age and du-
ration of follow-up, as mean age of our study pop-
ulation was 11.6 + 2.7 years compared to 35 + 7
years in the study of Samman et al., and mean du-
ration of follow up period after corrective surgery
in our study was 6.3 + 3.0 years.

Several studies in adults also showed that left
ventricular dysfunction is one of the major factors
in late unfavorable outcomes in patients with re-
paired tetralogy of Fallot. LV or RV dysfunction
has been shown to be associated with impaired
clinical condition in adults with TOF repair.’ In
our study, we did not find any association between
right ventricular systolic-diastolic volume indexes
and BNP levels. We did not observe any associa-
tion between right ventricular end-diastolic vol-
ume index and right ventricular MPI. Our data is
consistent with those of Geva et al.* Moreover, we
showed a direct relation between right ventricular
EF and right ventricular MPL. In the current study,
we also found a correlation between right ventric-
ular MPT and BNP levels after exercise.

Border et al. showed that Vp correlates signifi-
cantly with the invasive indices of relaxation,
namely Tau and peak negative dP/dt.?! To the best of
our knowledge, there is no report evaluating the mi-
tral Vp in children after repair of TOF. In this re-
port, we found that Vp for mitral valve in children
after repair of TOF did not change during mid-term
follow up. It is naturally evident that TAPSE must be
more related to systolic right ventricular function
since the tricuspid valve moves toward the RV apex
during systole as lateral shortening of RV free wall
develops. Recent findings suggested that TAPSE
measurement is better reproducible than other
echocardiographic indices of right ventricular func-
tion.” In the current study, TAPSE distance in the
patient group was significantly lower than that of
the control group. In the patient group, we did not
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find any association between TAPSE and RV ejec-
tion fraction, which was measured with the Simpson
method. There were studies arguing that Simpson’s
RV EF was not the best method to measure right
ventricular ejection fraction precisely.”® Another
limitation of Simpson’s RV EF is high interobserver
variability. The absence of correlations between
Simpson’s RV EF and TAPSE in the current study is
attributed to these factors. Consistent with this,
Morcos et al. showed a weak correlation of TAPSE
and RVEF determined by MRI.* There are also clues
pointing that abnormal right ventricular function
could be observed with normal TAPSE and TDI.?
TAPSE levels below 1.5 cm and TDI levels below 10
cm/s consistently predict right ventricular dysfunc-
tion with a low false positive rate. Koestenberger et
al. showed that TOF patients before repair had sig-
nificantly increased TAPSE values compared to age-
matched controls, possibly due to RV hypertrophy.*
However, they found a reduced TAPSE in TOF pa-
tients which increased in postoperative years. In the
current study, mean duration after corrective sur-
gery was 6.3 years which is consistent with the study
of Koestenberger et al. They found that TAPSE lev-
els become significantly impaired after an average of
7 years.” However, we did not find any correlation
between the duration after repair and TAPSE levels.
This absence of correlation can be explained by total
right ventricle dyssynchrony that simply partially
affects RV longitudinal function. It is also known
that TAPSE does not take into account segmental
RV function, and it is not able to detect abnormal
wall movement, distorted RV geometry and predict
total RV systolic function. TAPSE has been demon-
strated to inversely correlate with the RV end-dias-
tolic diameter and the degree of tricuspid
regurgitation. There was no severe tricuspid regur-
gitation in our study population.

STUDY LIMITATIONS

Several limitations deserve mentioning. As this
study has a cross sectional feature, we did not ob-
tain serial changes in BNP levels and right ventric-
ular MPI values in patients. Longitudinal studies
may reveal the exact timing when pulmonary valve
replacement is needed.

109



Savas DEMIRPENCE et al.

TRICUSPID ANNULAR PLANAR SYSTOLIC EXCURSION, MITRAL PROPAGATION VELOCITY...

It is well established that magnetic resonance
imaging (MRI) is currently accepted as the gold
standard imaging modality for the evaluation of
right ventricular volume and right ventricular
function. However, we did not have values of right
ventricular size obtained through MRI obtained in
our study.

Finally, the timing of corrective surgery was
delayed in our study population. Mean age at cor-
rective surgery was 5.2 years. It is generally ac-
cepted that TOF patients are repaired between 3
months and 1.5 years of age. Therefore, mean age at
surgery in this study limits extrapolation of the data
to populations where surgery is performed earlier.

This discrepancy can be explained by the policy of
health system and perspective of surgeons in our
country. However, with the optimization of the
health policy and increased experience of surgeons,
mean age at corrective surgery in tetralogy of Fal-
lot has been steadily decreasing.

I CONCLUSION

Our study demonstrates that children with re-
paired TOF had normal Vp levels at mid term fol-
low-up. Indices of TAPSE, tissue Doppler and MPI
for the assessment of right and left ventricle could
be useful in the evaluation of children after TOF
repair.

Hirsch JC, Mosca RS, Bove EL. Complete repair of
tetralogy of Fallot in the neonate: Results in the mod-
ern era. Ann Thorac Surg;232(4):508-514.
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Sporcu Cocuklarda Orta-Uzun Donemde
Kalp Hiz1 Degiskenligi Nasil Etkilenir?

How is the Heart Rate Variability of
Athletic Children Affected for
a Medium-Long Term?

OZET Amag: Bu ¢alismanin amaci uzun siireli spor yapan ¢ocuklarda, sporun orta-uzun donemde
kalp hiz1 degiskenligi (KHD) tizerine olan etkisini aragtirmaktir. Gere¢ ve Yéntemler: Ortalama
yaslar1 12,5 yil olan, otuz sporcu (6’s1 kiz) ve otuz saglikhi cocuk (1571 kiz, 15’ erkek) galigmaya
alindi. Holter EKG kayitlar1 24 saat siire ile hastalarin giinliik aktivitelerine devam etmeleri sagla-
narak, sporcu ¢ocuklarin da antrenmanlarindan iki-ii¢ giin sonra olacak sekilde ayarlandi. Otoma-
tik olarak hesaplanan zaman bazli KHD parametreleri (SDNN, SDANN, RMSSD, PNN50) ile frekans
bazli parametreleri (VLF, LF, HF, LF/HF) uyku, uyaniklik donemlerinde ve 24 saatlik olarak ayr1
ayri incelendi. Bulgular: KHD verilerinden 24 saatlik SDNN, SDNN index, SDANN index, RMSSD,
PNN50, 24 saatlik LF, HF degerleri, uyku ve uyaniklik donemi SDNN, RMSSD, LF, HF degerleri spor
yapan grupta daha yiiksek bulunmakla beraber istatistiksel olarak farksizdi. 24 saatlik, uyku ve uya-
niklik donemi VLF degerleri ¢alisma grubunda kontrol grubuna gore istatistiksel olarak anlamli se-
kilde yiiksek bulundu (siras1 ile p=0,008; p=0,039; p=0,019). Sonug: Bu ¢aligma ile daha 6nceki
caligmalarda kisa dénemde elde edilen kayitlar neticesinde, spor ile arttig1 saptanan KHD para-
metrelerinden farkl olarak, orta-uzun dénemde VLF degerinin sporcu ¢ocuklarda spor yapmayan-
lara gore anlaml olarak yiiksek bulundugu gésterildi.

Anahtar Kelimeler: Kalp hiz1 degiskenligi; spor; ¢ocuk

ABSTRACT Objective: The purpose of this study is to investigate the medium-long term effect of
sport on heart rate variability in children. Material and Methods: The mean age was 12,5 years,
thirty athletes (only six girl) and thirty healthy children (15 girl, 15 boy) were enrolled in study.
During the ECG recording for 24 hours, the patients continued their daily activities and records set
to be two-three days after the training in athletes. Time and frequency based parameters which
were calculated automatically examined separately as 24 hours, sleep and awake period. Results: Al-
though SDNN 24 hours, SDNN index, SDANN index, RMSSD, PNN50, LF and HF 24 hours, sleep
and awake period of SDNN, RMSSD, LF and HF values were higher in the study group, these pa-
rameters were not significantly different. VLF (24 hours, sleep and awake period) values in the
study group were statiatically higher than the control group (p=0.008; p=0.039; p=0.019, respec-
tively). Conclusion: In this report; it was differently founded that from previously short term
records and instant effects of sport on heart rate variability analysis, the VLF values for medium-
long term in athletes were significantly higher than the controls

Key Words: Heart rate variability; sports; children
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alp hiz1 degiskenligi (KHD) ardisik kalp atiglar1 arasindaki siirelerin
degisimi olarak tanimlanir. {lk olarak 1965’'de Hon ve Lee tarafindan

fetal kalpteki degisiklikler ile fark edilmesinden bu yana oldukca
fazla sayidaki ¢aligmaya konu olmustur.! KHD analizi ile kalbin sempato-

111



Sebnem PAYTONCU

SPORCU COCUKLARDA ORTA-UZUN DONEMDE KALP HIZI DEGISKENLIGI NASIL ETKILENIR?

vagal dengesi noninvaziv olarak degerlendirilir.
Boylece kalp ritmini diizenleyen otonom sinir sis-
teminin etkileri hakkinda bilgi edinilir.

Egzersiz ile birlikte meydana gelen parasem-
patik geri ¢ekilme ve sempatik aktivite artig1 kalp
hizini arttirmaktadir. Sporcularda normal saglikli
bireylere gore atim hacmi ¢ok daha fazla arttirila-
bildigi i¢in, egzersiz ile kalp hiz1 artis1 normal sag-
likl1 bireylerden ¢ok daha disiiktiir.? KHD’nin
azalmasi kardiyovaskiiler hastaliklar agisindan risk
faktorii olarak kabul edilmekte ve sporun kardiyo-
vaskiiler hastaliklar acisindan risk faktorlerini or-
tadan kaldirdigy bilinmektedir.> Bu c¢aligmanin
amaci uzun siiredir spor yapan ¢ocuklarda, en son
yapilan antrenmanlar ile orta-uzun ddénemde
KHD’nin nasil etkilendigini arastirmaktir.

I GEREG-YONTEMLER

Ekim 2012-Eylil 2013 tarihleri arasinda poliklini-
gimize bagvuran, anamnez, 6z ve soyge¢mis bilgi-
leri, fizik inceleme, laboratuvar, elektrokardiyog-
rafi ve ekokardiyografi ile genetik, dogumsal
ve/veya edinsel herhangi bir kalp hastalig1 bulun-
mayan hastalar ¢aligmaya alindi. Holter EKG kayit
stiresi 23,5 saatin altinda olan hastalar ¢aligma kap-
sami1 diginda birakildi.

Calisma grubu: Futbol, basketbol, hentbol,
ylizme, su topu gibi sporlarla en az iki, en fazla on
bir y1ldir ugrasan, haftanin ti¢-bes giinii, giinde alt-
mis-doksan dakika antrenman yapan, altis: kiz top-
lam otuz sporcu ¢ocuk ¢aligma grubunu olusturdu.
Yaglar1 8,5-17 (ortalama 12,23, SD: 2,01) yl olan
sporcu ¢ocuklar, merkezimize ¢abuk yorulma, gar-
pint1, efor dispnesi sikayetleri ile bagvurmuslarda.
Calisma grubundaki hastalardan her biri bu spor-
lardan sadece biri ile ilgileniyordu.

Kontrol grubu: Carpinti, bayilma, kalp atigla-
rinda yavaglama sikayetleri ile bagvuran, yaslar
9,5-16,5 (ortalama 12,63, SD: 3,12) yil olan, spor
olarak sadece okuldaki spor ve beden egitimi ders-
lerine katilan on besi kiz, toplam otuz ¢ocuk kont-
rol grubuna alind1.

Caligma ve kontrol grubundaki tiim hastalarin,
Holter EKG kayd1 esnasinda, kalp hizi ve ritmini
etkileyecek ila¢ kullanim 6ykiisii, belirgin anemi
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ve enfeksiyonu bulunmamakta idi. Her bir hastaya
bir kez Holter EKG kayd: yapildi, tekrarlanan kayit
olmadi.

Caligmaya alinan tiim hastalarin fizik muaye-
neleri, 12- derivasyonlu standart EKG (25 mm/sn,
10 mm/mV), Holter EKG kayitlar1 ve KHD para-
metrelerinin degerlendirilmesi ayni aragtirici tara-
findan yapild:.

Kalp hiz1 degiskenligi: Holter EKG kayitlar:
DMS Cardioscan Holter System version 10.0 ile 24
saat siire ile hastalarin giinliik aktivitelerine devam
etmeleri saglanarak, ev, okul ve dogal ortamlarinda
(sporcu ¢ocuklarin ise antrenmanlarindan iki-iig
glin sonra olacak sekilde) ayarlandi. Holter EKG ci-
hazi tiim hastalara sabah 09-10:00 siralarinda ta-
kaldu.

herhangi bir kisitlama yapilmadi. Téim hastalara

Kayit esnasinda beslenme konusunda

uyuma ve uyanma zamanlar sorgulanarak, 24 sa-
atlik, uyku ve uyaniklik donemine ait parametreler

elde edildi.

Calisma ve kontrol grubunda herhangi bir has-
tada Holter EKG sonucunda normal sinirlarda bul-
gularin disinda 6zellik saptanmadi. Cihazin
otomatik olarak hesapladigi zaman bazl kalp hiz1
degiskenligi parametreleri (SDNN, SDANN,
RMSSD, PNN50) ile frekans bazli parametreler
(VLF, LF, HF, LF/HF) uyku, uyaniklik donemle-
rinde ve 24 saatlik olarak degerlendirildi. Tablo
1’de KHD parametrelerinin tanimlari yer almakta-

dir.2

En diisiik ve en yiiksek kalp hizlarn (Min KH
ve max KH), ortalama kalp hiz1 (ort KH), uyku ve
uyaniklik donemlerinde min KH, max KH ve ort
KH, sempatik ve parasempatik aktivite yiizdeleri
kaydedildi.

Hastalara ve ailelerine gereken agiklamalar ya-
pilarak, ailelere bilgilendirilmis onam formu imza-
latildi. Merkezimiz 6zel bir saglik kurulusu oldugu
i¢in etik kurul onay islemi yapilamada.

Istatistiksel analiz: Tiim veriler SPSS 15.0
programi ile degerlendirildi. Tanimlayici istatistik-
sel yontemler ile minimum, maksimum, ortalama,
standart deviasyon degerleri elde edildi. Bagimsiz
gruplarin verilerinin kargilagtirilmasinda T-testi
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TABLO 1: KHD parametrelerinin tanimlari.

Degisken Birim Tanim
SDNN msn Normal NN araliklarinin (RR araliklarinin) Standart deviasyonu
SDANN msn Tim kaydin 5 dakikalik segmentlerinde NN intervallerinin ortalamalarinin standart deviasyonu
RMSSD msn Komsu NN intervalleri arasindaki farklarin karelerinin toplamlarinin ortalamasinin karekdka
SDNN-indeks msn Tum kaydin 5 dakikalik segmentlerindeki NN intervallerinin standart deviasyonlarinin ortalamasi
NN50 VUrU Komsu NN araliklan arasindaki farkin 50 msn den daha fazla olan NN aralik ¢iftlerinin sayisi
PNN50 % Tim NN intervallerinin toplam sayisinin NN50'ye béllinmesi ile elde edilen oranti katsayisi
VLF msn? 0,003-0,04 Hz araligindaki glic dagilimi
LF msn? 0,04-0,15 Hz araligindaki gli¢ dagilimi
HF msn? 0,15-0,4 Hz araligindaki giig dagilimi

Msn: Milisaniye.

(Independent T-testi ve paired-sample T testi), de-
giskenlerin aralarindaki iligkileri belirlemede Pe-
arson korelasyon testi kullanildi. Istatistiksel
anlamhilik degeri p<0,05 olarak kabul edildi.

I BULGULAR

Genel 6zellikler: Kontrol ve ¢aliyma gruplarin
olugturan toplam altmig hastanin otuz besi (%58,3)
erkek, yirmi besi (%41,7) kiz idi. Yaslar1 7-17 (orta-
lama 12,43+2,63, ortanca 12,58) yil, viicut agirliklar
21-94 (ortalama 49,64+16,96, ortanca 49,5) kg, boylar1
120-185 (ortalama 154,27+15,95, ortanca 154) cm idi.

Calisma ve kontrol gruplar1 arasinda yas,
viicut agirligi, boy ve viicut yiizey alani agisindan
anlaml farklilik bulunmadi. Min KH, max ve ort
KH, uyku ve uyaniklik dénemlerinin min, max ve
ort KH degerleri, sempatik ve parasempatik akti-
vite ylizdeleri her iki grupta benzerdi. KHD veri-
leri agisindan 24 saatlik SDNN, SDNN index,
SDANN index, RMSSD, PNN50, 24 saatlik LF, HF
degerleri, uyku ve uyaniklik dénemi SDNN,
RMSSD, LF, HF degerleri spor yapan grupta daha
yiksek bulunmakla beraber istatistiksel olarak
farksizdi (Tablo 2).

TABLO 2: Calisma ve kontrol gruplarinda KHD parametreleri, ortalama ve standart deviasyon degerleri.
Calisma grubu Kontrol grubu

KHD parametreleri Calisma grubu (ortalama) (Standart Deviasyon) Kontrol grubu (ortalama) (Standart Deviasyon)
SDNN-24 saat 169,83 41,563 152,43 32,666
SDNN-index 79,80 24,03 71,80 24,40
SDANN-index 148,93 37,03 133,83 28,80
RMSSD 58,57 20,746 46,20 17,85
PNN50 25,90 13,53 21,73 13,04
Total power 6588,91 3665,63 545177 3375,31

LF 24 saat 1754,01 2389,68 1315,80 466,43

HF 24 saat 1274,07 2454,46 795,44 466,43
SDNN-uyaniklik 124,77 36,36 114,00 30,35
SDNN-uyku 122,93 39,19 101,63 32,03
RMSSD-uyaniklik 48,50 18,31 47,77 21,54
RMSSD-uyku 75,20 27,47 60,17 25,44
PNN5Q-uyaniklik 19,00 12,73 16,47 12,38
PNN50-uyku 41,07 17,23 31,10 18,95
LF-uyaniklik 1260,07 560,141 1099.69 679,60
LF-uyku 1505,58 695,67 1159,96 557,27
HF-uyaniklik 583,88 311,86 585,89 533,07
HF-uyku 1173,48 562,16 913,46 522,58
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24 saatlik, uyaniklik ve uyku donemlerine ait
VLF degerleri, sporcu ¢ocuklarda, kontrol grubuna
gore istatistiksel olarak anlamli bir sekilde artmig
bulundu (Tablo 3).

I TARTISMA

KHD, zaman igersinde siniis hizindaki degisiklikler
ile olugan, kalpte vurudan vuruya degisikliklerin de-
recesini yansitan otonom sinir sisteminin noninva-
ziv bir belirleyicisidir. Saglikh bir kalpte atimlar saat
gibi diizenli degildir. Fiziksel ve mental stres, egzer-
siz, solunum ve metabolik nedenlere bagl olarak
kalp hizinda otonomik tonusla iliskili degisiklikler
olmaktadir. Sempatik ve parasempatik denge hak-
kinda bilgi veren KHD analizi, kardiyak otonom to-
niisiin bir 6l¢iisii ve kardiyo-respiratuvar sistemin
bir gostergesi olarak kullanilmaktadir.*

Normal bireylerde kalp hizinda giin i¢inde de-
gisiklikler mevcuttur, giindiiz sempatik indeksler;
LF, gece vagal indeksler; HF komponenti daha yiik-
sektir. KHD’nin yiiksek olmasi otonom sinir sistemi
fonksiyonlarinin normal oldugunu, azalmas: ise
baz1 kardiyak risk faktorlerinin beraberinde bu-
lundugunu gostermektedir. KHD diisiikliigi siire-
gelen hastalarin normal KHD olan hastalara gére 3
kat fazla mortaliteye sahip oldugu bildirilmigtir.>®

Fiziksel aktiviteye verilen KHD yanitlar: ge-
netik farkliliklara ragmen kalbin otonom diizen-
lenmesinde en 6nemli veri kabul edilmektedir.
Fizik aktivitenin KHD iizerine olan akut etkileri
aragtirmalara konu olmustur. Sporcularda KHD ile
ilgili yapilan simirh sayidaki ¢aligmalarda KHD’nin
arttig1 gosterilmistir.®?

KHD ¢ogu calismada 24 saatlik uzun dénem;
iki, bes ve on bes dakikalik kisa dénem, bazen de
iki saatlik kayatlar seklinde degerlendirilmis, iki-on
bes dakika seklindeki kisa siireli kayitlarda, yiiksek

TABLO 3: Calisma ve kontrol gruplarinin istatistiksel
olarak anlamli bulunan ortalama KHD parametreleri.

KHD parametreleri ~ Galisma Grubu  Kontrol Grubu  p degeri

VLF 24 saat 4302,93 2661,26 0,008

VLF uyaniklik 3731,80 2355,76 0,019

VLF uyku 5023,00 3209,96 0,03
114

ve diisitk frekans komponentlerinin, 24 saatlik ve-
riler ile iyi korele oldugu bildirilmigtir.#'> HF ve LF
komponentlerinin total power parametresinin
%5’ini olusturdugu, doksan derece tilt, ayakta
durma, mental stres ve saglikh bireylerde hafif eg-
zersiz ile LF komponentinin, yiize soguk uygulan-
mast ve rotasyonel uyarilar ile HF komponentinin
arttigl, LF’nin sempatik, HF'nin parasempatik
(vagal) aktivitenin, LF/HF oraninin ise sempatova-
gal dengenin bir belirleyicisi oldugu bildirilmistir.
Kisa donem kayitlardan elde edilen VLF kompo-
nentinin ise, kuskulu gecerliligi oldugu bildirilmis-
tir ve fizyolojik yorumu icin de ileri aragtirmalar
yapilmasi gerekliligi vurgulanmigtir.3’

Caligmamizda uyku ve uyaniklik dénemlerini
icerecek sekilde yapilan kayitlarin 24 saat olmast,
elde ettigimiz verilerin giivenilirligi agisindan
Onem tagimaktadir. 24 saatlik SDNN, SDNN index,
SDANN index, RMSSD, PNN50, 24 saatlik LF, HF
degerleri, uyku ve uyamklk dénemi SDNN,
RMSSD, LF, HF degerleri spor yapan grupta daha
yliksek bulunmakla beraber, bu yiiksekligin kont-
rol grubuna gore istatistiksel olarak anlamli bir
farki olmadig gorildii.

Alkan ve ark.nin ¢aligmalarinda; yaglar1 on bir
ila on dort aras: degisen, altmig erkek 6grenci; dii-
zenli spor yapan, obez ve kontrol grubunu olustura-
cak sekilde ti¢ gruba ayrilmisg, spor yapan grupta;
SDNN degerleri kontrol ve obez gruba gore anlamh
olarak ytiksek saptanmist1. Yine sporcularda RMSSD
degerleri ortalamas: kontrol ve obez gruba gore an-
laml derecede yiiksek bulunmustu. Bizim caligma-
mizda sporcu ¢ocuklarda yiiksek saptanan VLF
ortalamasi, bu ¢alismada obez grupta spor yapanlara
gore yiiksek idi. LF, HF, LF/HF degerleri agisindan
her i¢ grubun da degerleri benzerdi. KHD’ nin yiik-
sek olmasi otonom sinir sistemi fonksiyonlarinin
normal oldugunu, azalmas ise baz1 kardiyak risk fak-
torlerinin beraberinde bulundugunu géstermekte-
dir. Bu ¢alisma 6zellikle sporcu ¢ocuklarda KHD’ nin
anlamh derecede yiiksek olmasinin, spor ile otonom
fonksiyonlarin diizelebilecegini vurgulamaktadir.?

Aras ve ark.nin yaptiklan ¢aligmada yiizme
sporu ile ile ilgilenen, yaslar1 on {ig-on dort arasin-
daki on sporcunun KHD parametreleri yiizme 6n-
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cesi ve elli metre sprint yiizme sonras1 degerlendi-
rilmis. Yiiksek yogunluklu fizik aktivite sonrasinda
SDNN ve RMSSD degerlerinde anlaml diisiis sap-
tanmis ve bu durumun sempatik aktivite artig1 ve
vagal etkinin azalmasi ile ilgili oldugu vurgulan-
mistir. VLF de ise istatistiksel olarak anlamli degi-
siklik olmadig1 bulunmustur.’ Schuchert ve ark. da
egzersiz sonrast SDNN degerlerinin sedanterlere
gore %23 oraninda yiiksek oldugu saptamiglardar.'®
Aubert ve ark.; aerobik ve/veya anaerobik egzersiz
yapan sporcu genglerde RMSSD degerlerinin artti-
gin1 belirlemiglerdir.'

Bizim ¢aligmamizda ise VLF komponentinin
24 saat, glin ve gece degerlerinin spor yapan grupta,
kontrol grubuna gore anlamli olarak yiiksek oldugu
bulundu. Elde ettigimiz bu verinin, daha 6nceki
bildirilerde, “VLF’ nin fizyolojik korelasyonlarinin
tam olarak bilinmedigi ve yorumu i¢in ileri arag-
tirmalar gerektigi, spor yapanlarda anlaml bir de-
gisiklik olmadig1” nin belirtilmis olmas: nedeni ile
de bu ¢aligma ile saptadigimiz 6nemli bir bulgu ol-
dugunu vurgulamak gerekir.3%?

Vinet ve ark. yogun bir yiizme programi uy-
gulanan prepubertal erkek ¢ocuklar ile, yas grubu
uygun spor ile ilgilenmeyen ¢ocuklar1 KHD agisin-
dan kargilagtirdiklarinda, zaman ve frekans bazlhi
komponentler agisindan aralarinda farklilik olma-
digim bildirmislerdir.'

Caligmanmin  kisithliklari: Caligmamizda en
onemli kisithilik, futbol, basketbol, hentbol, yiizme,
su topu gibi spor dallar ile ilgilenen ¢alisma gru-
bunu olusturan hastalarin, daha homojen, tek bir
spor dali ile ilgilenen, aym takimda olan, yapilan
spor yogunlugunun esit oldugu, yas grubu birbirine
daha yakin, esit sayida erkek ve kizlarin oldugu
sekilde diizenlenememesidir. Katilimcilara kayit
esnasinda standart bir beslenme programi uygu-
lanmamigtir. Caligma grubunu olusturan hastalari-
miz gesitli sikayetler ile merkezimize bagvuran ve
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tamamen asemptomatik olmayan ¢ocuklardi. Ay-
rica; calismamizin yapildigi merkezin 6zel bir sag-
lik kurulusu olmasi nedeni ile etik kurul onay:
alinamamuistir.

Caligmamizin degistiremedigimiz kisitlamala-
rin1 en aza indirebilmek i¢in bazi uygulamalar ger-
ceklestirdik. Caligmamizin 6nceki caligmalardan
farki, Holter EKG kayitlarinin, 24 saat siire ile ve
her bir hastanin en son yaptig1 antrenmandan iki-
ii¢ glin sonra yapilmis olmasidir. Tim kayitlar ayn1
zaman araliginda gergeklestirildi. Onceki ¢aligma-
larin bazilarinda sporcu ¢ocuklarda kayitlar spor-
dan hemen Once, spor esnasinda ve hemen
sonrasinda gibi kisa siireli olarak elde edilmis, veya
bazilarinda sporun yapilma zamani net olarak be-
lirtilmemistir.®? Bu ¢aligmalarda sporun KHD tize-
rine akut etkileri bildirilmis iken, ¢aligmamizda
KHD analizi iki-ii¢ giin sonra yapilmistir ve spor
anindaki yapilan degerlendirme c¢aligmalarindan
farkli olarak daha uzun bir dénemdeki etkiler goz-
den gegirilmistir.

0 SONUC

Sonug olarak 24 saatlik, uyaniklik ve uyku VLF de-
gerleri ¢alisma grubunda kontrol grubuna gore an-
laml olarak yiiksek bulunmustur. Daha 6nceki
bildirilerde kisa dénem kayitlardan elde edilen VLF
komponentinin, kuskulu gecerliligi oldugu bildi-
rilmistir ve fizyolojik yorumu i¢in de ileri arastir-
malar yapilmas1 gerekliligi vurgulanmigtir.3’
Caligmamizin sonucunda ¢ocuklarda, KHD anali-
zinde uzun siiredir (iki-onbir y1l) spor yapilmast ile,
frekans bazli parametrelerden 0,003-0,04 Hz arali-
gindaki gii¢ dagilimini gosteren VLF degerinin, an-
trenmanlardan orta-uzun donem sonra (iki-ii¢
glin), spor yapmayan ¢ocuklara gore anlaml bir ge-
kilde artis gosterdigini saptamis olduk. Bu bulgu-
nun ileride yapilacak ¢aligmalara katkisi olacagini
disiintiyoruz.
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ORIGINAL RESEARCH I

Evaluation of Our Patients Diagnosed with
Bicuspid Aortic Valve

Bikiispid Aort Kapagi Saptadigimiz Hastalarin
Degerlendirilmesi

ABSTRACT Objective: Bicuspid aortic valve (BAV) is the most common congenital cardiovascular
malformation. BAV is a clinically important condition because of its association with serious poten-
tial complications including aortic valve dysfunction, infective endocarditis, aortic dilation, aortic
aneurysm and aortic dissection. We aimed to determine the prevalence of BAV in children by
transthoracic echocardiography in our pediatric cardiology unit and also evaluate associated factors.
Material and Methods: We retrospectively reviewed data of 160 patients diagnosed as BAV. During
this period, 12,636 children were evaluated by transthoracic echocardiography. In all patients, the
type of cusp fusion, the presence and degree of aortic stenosis and/or regurgitation were evaluated;
the diameters of the aortic annulus, sinus of Valsalva, sinotubular junction (aortic root), and the
proximal ascending aorta were also measured. Results: The mean age of patients was 6.7+5.4 years
(median 6 years, range: 1 day to 17 years). Fusion of the right and left coronary cusps was the most
common morphologic type of BAV. Moderate-to-severe aortic stenosis was observed most often in
patients with right and left cusp fusion. Right and left cusp fusions were also found to be associated
with moderate-to-severe aortic regurgitation. 35 patients (21.8%) had dilation of the aortic root and
the ascending aorta. Dilation of the ascending aorta was significantly more pronounced in those with
aortic regurgitation as compared to patients without aortic regurgitation. BAV was an isolated find-
ing in 104/160 patients. Ventricular septal defect and aortic coarctation were the most frequent con-
genital heart defects associated with BAV. Down syndrome and Turner syndrome were the most
frequent genetic disorders in our cohort. Conclusion: Our study demonstrated that the prevalence
of BAV in children is 1.2% by transthoracic echocardiography, which is in accordance with results
previously reported in the literature. Right-left cusp fusion was more frequently associated with
moderate-to severe aortic valve stenosis and regurgitation than other morphologic phenotypes.

Key Words: Bicuspid aortic valve; echocardiography; congenital valve disease; prevalence

OZET Amag: Bikiispid aort kapagi (BAK) en sik dogumsal kardiyovaskiiler malformasyondur. Aort
kapak islev bozuklugu, infektif endokardit, aort genislemesi, aort anevrizmasi ve aort diseksiyonunu
igeren ciddi potansiyel komplikasyonlara eslik ettiginden BAK klinik olarak 6nemli bir durumdur.
Cocuk kardiyoloji {initemizde ¢ocuklarda transtorasik ekokardiyografi ile BAK prevalansini ve eglik
eden faktérleri de belirlemeyi amagladik. Gereg ve Yontemler: BAK tanis1 konulan 160 hastanin ve-
rilerini retrospektif olarak inceledik. Bu donemde 12,636 ¢ocuk transtorasik ekokardiyografi ile de-
gerlendirildi. Biitiin hastalarda kasp fiizyon tipi, aort darlig1 ve/veya regiirjitasyon varlig1 ve derecesi
degerlendirildi. Ayni zamanda aortik aniilis, siniis Valsalva, sinotiibiiler bileske (aort kokii) ve prok-
simal ¢ikan aorta 6lciildii. Bulgular: Hastalarin ortalama yaglar1 6.7+5.4 y1l idi (ortanca 6 yil, aralik 1
glin-17 yil). Sag sol koroner kasp fiizyonu, en stk morfolojik BAK tipi idi. Orta-agir aort darlig1 sag
sol kasp fiizyonu olan hastalarda en sik gozlendi. Sag sol koroner kasp fiizyonunun orta-agir aort re-
giirjitasyonuna da en sik eslik ettigi bulundu. Otuz bes hastada (%21,8) aort kékiinde ve ¢ikan aor-
tada genisleme vardi. Cikan aortada genisleme aort regiirjitasyonu olanlar hastalarda aort
regiirjitasyonu olmayan hastalara kiyasla anlaml olarak daha yiiksek idi. BAK 104/160 hastada izole
bir bulgu idi. Ventrikiiler septal defekt ve aort koarktasyonu BAK’a en sik eslik eden dogumsal kalp
defektleri idi. Down sendromu ve Turner sendromu ¢alismamizda en sik genetik bozukluklar idi.
Sonug: Calismamuz literatiirde daha 6nce bildirilen sonuglarla uyumlu olarak ¢ocuklarda BAK pre-
valansinin transtorasik ekokardiyografi ile %1,2 oldugunu gostermistir. Sag-sol kasp fiizyonu diger
morfolojik fenotiplere gore orta-agir aort kapak darlig: ve regiirjitasyonuna daha sik eslik ediyordu.

Anahtar Kelimeler: Bikiispid aort kapag; ekokardiyografi; dogumsal kapak hastaligi; prevalans
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EVALUATION OF OUR PATIENTS DIAGNOSED AS BICUSPID AORTIC VALVE

icuspid aortic valve (BAV) is the most com-

mon congenital cardiovascular malforma-

tion.! The population frequency of BAV has
been reported as 0.5 to 1.36%, more commonly as
1-2%. BAV has a high heritability with a predilec-
tion for males with an approximate ratio of 3:1,
supporting the previous recommendations to
screen first-degree relatives of patients with BAV.?3
Recent studies have shown that BAV is not a sim-
ple valve condition. It increasingly appears to be a
genetically based connective tissue disorder. It has
been reported that a molecular abnormality in the
extracellular matrix may lead to abnormal cell dif-
ferentiation during valvulogenesis; however, the
exact mechanism is still unclear.*® BAV is a clini-
cally important condition because of its association
with serious potential complications, including
aortic valve dysfunction, infective endocarditis,
aortic dilation, aortic aneurysm, and aortic dissec-
tion.>® Therefore, in this study, we aimed to deter-
mine the prevalence of BAV in children by
transthoracic echocardiography in our pediatric
cardiology unit and also evaluate factors associated
with BAV.

I MATERIAL AND METHODS

We retrospectively reviewed data of 160 patients
diagnosed as BAV by transthoracic echocardiogra-
phy in our pediatric cardiology unit, between Feb-
ruary 2010 and February 2013. During this period,
12,636 children were evaluated by transthoracic
echocardiography. Patients less than 18 years of age
who were diagnosed as BAV by transthoracic
echocardiography were enrolled in the study. Data
included age and sex of the patient, aortic valve
morphology, degree of aortic stenosis and aortic re-
gurgitation, presence of any other additional con-
genital cardiac malformations, and genetic
disorders. The study was approved by the Ethical
Committee of our hospital. Written informed con-

sent were obtained from the parents of the children.

All echocardiographic examinations were per-
formed with a commercially available echocardio-
graphy system, ProSound Alpha 7 (Aloka, Japan)
equipped with phased-array transducers ranging
from 3 MHz to 10 MHz. A standardized Doppler
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echocardiographic examination was performed in
multiple orthogonal parasternal, apical, and sub-
costal views with the patients lying in left lateral
decubitus position.

Aortic valve morphology was examined in
both systole and diastole in the parasternal short-
axis view. Patients were considered to have a BAV
if they had (a) aortic valves with clearly defined
two cusps, (b) characteristic systolic fish-mouth ap-
pearance of the aortic valve cusps, or (c) two out of
three supportive features of BAV including systolic
doming, diastolic prolapse of the aortic valve cusps
and eccentric valve leaflet closure.” The spatial ori-
entations of BAV leaflets were classified as right-
left fusion (Figures 1A, 1B), right-noncoronary
fusion (Figures 2A, 2B) or left-noncoronary fusion.?
The presence or absence of a raphe was also noted
(Figures 3A, 3B). Diameter of the aortic annulus,
sinus of Valsalva, sinotubular junction (aortic root),
and the proximal ascending aorta 1 cm above the
sinotubular junction were measured in the
parasternal long-axis view, perpendicular to the
long axis of the vessel, from edge to edge. All meas-

urements were obtained during end-systoles.”!°

Z-scores were calculated by the following for-
mula: Z score= (measured value-predictive value) /
standard deviation. Aortic Z-scores were calculated
by using body surface area as reported by Pettersen
et al. and Warren et al.!*'? Dilation of the ascend-
ing aorta or the aortic root was defined if the Z-
score was greater than +2.

Aortic valve stenosis was graded as mild (peak
Doppler gradient <40 mmHg), moderate (peak
Doppler gradient is between 40 to 70 mmHg) or se-
vere (peak Doppler gradient >70 mmHg)."® Aortic
regurgitation was graded from first degree to fourth
degree. Aortic regurgitation was defined as hemo-
dynamically significant if the regurgitation was of
second degree or more severe.'*

Data were reported as mean + standard devia-
tion, median (range) or percent. Normality as-
sumptions were assessed before conducting
parametric tests. Differences in the means of vari-
ables were tested using both parametric and non-
parametric tests depending on the distribution of

Pediatr Heart ] 2015;2(3)
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FIGURE 1: A) Parasternal short-axis view showing bicuspid aortic valve with fusion of the right and left coronary cusps. An arrow shows a raphe in diastole.
B) Parasternal short-axis view showing bicuspid aortic valve with fusion of the right and left coronary cusps in systole. An arrow shows a raphe in systole.

FIGURE 2: A) Parasternal short-axis view showing bicuspid aortic valve with fusion of the right and noncoronary cusps. An arrow shows a raphe in diastole.
B) Parasternal short-axis view showing bicuspid aortic valve with fusion of the right and non-coronary cusps in systole. An arrow shows a raphe in systole.

FIGURE 3: A) Parasternal short-axis view showing bicuspid aortic valve without raphe in diastole. B) Parasternal short-axis view showing bicuspid aortic valve
without raphe in systole. Arrows show cusps of bicuspid aortic valve.

the variables. P-values less than 0.05 were consid- I
. - . RESULTS
ered statistically significant. Statistical analyses
were performed with SPSS for Windows, version =~ The demographic and echocardiographic features
15 (SPSS, Chicago, IL, USA). of the patients with BAV were shown in Table 1.
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TABLE 1: The demographic and echocardiographic
features of the patients with bicuspid aortic valve.

Characteristics

Male/Female 109/51

Age (Year) 6.7+ 5.4
6 (0-17)

Weight (kg) 22.9+18.4
16 (3-70)

Height (cm) 106+39

114 (52-175)
Diameters and z scores values

Aortic annulus {mm) 15.7+4.9
15 {9-26)
Z score 1.2 (0.06-3.01)
Sinus of Valsalva (mm) 20.3+6.9
19.7 (11-35)
Z score 0.71 (0.02-3.35)
Sinotubular junction {mm) 16.85.6
16 {9-29)
Z score 0.67 (0.1-3.1)
Ascending aorta (mm) 18.7+5.9
18 (11-33)

Z score 1.46 (0.06-4.24)

Bicuspid aortic valve morphology

Right/left cusp fusion 110 (68.7%)
Right/noncoronary cusp fusion 41 (25.6%)
Left/noncoronary cusp fusion 7 (4.4%)
Without Raphe 2(1.2%)
Valvular dysfunction
Aortic stenosis 43 {26.9%)
Mild 29(18.1%)
Moderate 10 (6.3%)
Severe 4(2.5%)
Aortic regurgitation 51(31.9%)
Hemodinamically non-significant aortic regurgitation 40 (25%)
Hemodinamically significant aortic regurgitation 11 (6.9%)
Both aortic stenosis and regurgitation 25 (15.6%)

Data are shown as mean plus or minus standard deviation, median (range) or percent.

In our cohort of 12,636 children, 160 patients
were diagnosed as BAV by transthoracic echocar-
diography, with an estimated prevalence of 1.2%.
Of the 160 patients, 109 (68.1%) were males and 51
(31.9%) were females. The mean age of patients
was 6.7 + 5.4 years (median: 6 years, range: 1 day to
17 years). Fusion of the right and left coronary cusp
was the most common morphologic type of BAV.
Moderate-to-severe aortic stenosis was observed in
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12 patients (10.9%) with the right-left fusion, in 1
patient (2.4%) with the right-noncoronary fusion,
and in none of the patients with the left-noncoro-
nary fusion. Hemodinamically significant aortic re-
gurgitation was observed in 9 patients (8.1%) with
the right-left fusion, 1 patient (2.4%) with the
right-noncoronary fusion, and 1 patient (2.4%)
with the left-noncoronary fusion. Thirty-five pa-
tients had systolic and diastolic doming of the aor-
tic valve. Forty-one out of 160 patients (25.6%) had
neither aortic stenosis nor aortic regurgitation; 43
patients (26.9%) had aortic stenosis; 51 patients
(31.9%) had aortic regurgitation, and 25 patients
(15.6%) had both aortic stenosis and aortic regur-
gitation. Twenty-nine patients (18.1%) had mild
aortic stenosis, 10 (6.3%) had moderate aortic
stenosis, and 4 (2.5%) had severe aortic stenosis.
Eleven patients (6.9%) had hemodynamically sig-
nificant aortic regurgitation. Of the 29 patients
with mild aortic stenosis, 5 had trivial or minimal
aortic regurgitation, 10 had first-degree aortic re-
gurgitation, 2 had second-degree aortic regurgita-
tion and 1 had third-degree aortic regurgitation. Of
the 10 patients with moderate aortic stenosis, 3 had
trivial or first-degree aortic regurgitation, 2 had
second-degree aortic regurgitation, 1 had third-de-
gree aortic regurgitation.

Frequency of aortic regurgitation was signifi-
cantly higher in males compared to females (37.6%
vs 19.6%, p=0.023). Frequency of aortic stenosis
was higher in males compared to females (31.2% vs
17.6%, p>0.05) but this finding was not statistically
significant. Thirty-five patients (21.8%) had dila-
tion of the aortic root (21/160) and the ascending
aorta (14/160). Dilation of the ascending aorta was
significantly more pronounced in those with aortic
regurgitation compared to patients without aortic
regurgitation (p<0.0001). BAV was an isolated find-
ing in 104 patients (65%), while 56 patients (35%)
had additional congenital cardiac malformations
(Table 2). Thirteen patients (8%) had genetic dis-
orders including Down syndrome (n=6), Turner
syndrome (n=5), Pierre-Robin sequence (n=1), and
mucopolysaccharidosis (n=1). Balloon dilation of
the aortic valve was performed in 5 patients (3.1%).
Two patients (1.2%) had surgery for aortic coarc-
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TABLE 2: Associated congenital heart lesions in
patients with bicuspid aortic valve.

Congenital heart diseases Numbers of patients (%)
Ventricular septal defect 15 (9.3%)

Perimembranous outlet 5(3.1%)

Muscular 5(3.1%)

Malalignment 5(3.1%)
Aortic coarctation 12 (7.5%)
Secundum atrial septal defect 6 (3.7%)
Patent ductus arteriosus 3(1.8%)
Elongated mitral anterior corda 3(1.8%)
Mitral valve prolapsus 1(0.6%)
Tetralogy of Fallot 1{0.6%)
Total 56 (35%)

tation and one patient had undergone mitral valve
replacement surgery before admission to our unit.
During our study period of 3 years, death was not
observed in any patient.

I DISCUSSION

BAYV is associated with significant complications in
approximately one third of the patients.” Follow-
up of patients with BAV requires assessment of the
degree of stenosis and insufficiency of the valve
and the size of the ascending aorta.'® In a cohort
study of 40,878 patients, Chandra et al. diagnosed
229 patients with BAV with an estimated preva-
lence of 0.56%.? In a large autopsy series including
21,417 consecutive autopsies, BAV prevalence was
reported as 1.37%."7 In a study based on population,
Basso et al. demonstrated a 0.5% prevalence of
BAYV in healthy school children.'® Tutar et al. re-
ported the prevalence of BAV as 4.6 per 1000 live
births.!® The prevalence of BAV according to sex
has been found to be 7.1 cases per 1000 in male
neonates, and 1.9 per 1000 in female neonates.!® In
our study, the prevalence of BAV was 1.2 and BAV
was approximately 2 times more frequent in males
than in females. The gender distribution of our
BAV cohort was similar to that of other pediatric
studies. Our results were consistent with results

previously reported in the literature.!®”

BAV may be associated with serious potential
complications, including aortic valve dysfunction,

Pediatr Heart ] 2015;2(3)

infective endocarditis, aortic dilation, aortic
aneurysm and aortic dissection.>® Aortic dilation is
believed to be a precursor of aortic rupture and dis-
section.’ Aortic dilation is thought to be caused by
intrinsic aortic disease that is characterized by cys-
tic medial necrosis and disruption of the extracel-
lular matrix due to fibrillin deficiency.?® Aortic
dilation is significantly more common in patients
with severely regurgitant BAVs than in those with
a stenotic or functionally normal BAV.?! Gurvitz et
al. found that pediatric patients with isolated BAV
had larger aortic roots compared to healthy sub-
jects.?

A number of risk factors have been reported
for dilation of the ascending aorta in BAV. These
factors include severity of outflow gradient and
aortic regurgitation, aortic valve morphology, and
systolic left ventricular outflow jet angles.”>* A
number of investigators demonstrated that adoles-
cents and children with BAV had dilation of the
aorta, most markedly in the ascending aorta. Re-
cent observational pediatric studies showed that,
when compared to healthy control subjects, chil-
dren with BAV had larger diameter of the ascend-
ing aorta, and as these children reached
adolescence the dilation increased progressively.*
Alegret et al. found a high prevalence of BAV
(20%) in patients with dilated aortic root; this rate
was significantly higher than the prevalence (0.5%
to 2%) described in the general population.?> Sim-
ilarly, in our study, 35 patients (21.8%) had dila-
tion of the aortic root and the ascending aorta. In
our study, we observed that aortic regurgitation
was associated with ascending aortic dilation.

Sabet et al. found that the majority of aortic
valve replacements in adult patients with a BAV
had fusion of the right-left leaflet.”® In contrast,
Fernandes et al. demonstrated that the right-non-
coronary fusion was associated with a greater pro-
gression of valve dysfunction and a 4-fold risk of
time-related valve intervention during childhood
compared to BAVs with fusion of the right-left fu-
sion.” In most publications reporting on BAV in
childhood, the right-left fusion phenotype has been
reported 2 times more often than the right-non-
coronary fusion phenotype.#**?” In adulthood, the
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phenotype distribution is less clear, with nearly
equal frequencies of right-left fusion and right-
noncoronary morphology described by Ward, and
a prevalence of the right-left fusion phenotype as
great as 82% reported by Schaefer et al., compara-
ble to the distribution described in the childhood
studies.”®? In our study, we found the right-left fu-
sion phenotype to be the predominant BAV mor-
phology (68.7%). Our finding was in accordance
with the study by Fernandes et al.

In our study, 10.9% of the patients had mod-
erate-to-severe valvular stenosis in patients with
right-left cusp fusion, but only 2.4% of the patients
had moderate-to-severe valvular stenosis in patients
with right-noncoronary fusion.” Furthermore, he-
modynamically significant aortic regurgitation was
observed in 8.1% of patients with right-left cusp fu-
sion compared to 2.4% in those with right-non-
coronary cusp fusion.

BAYV may be an isolated finding or may be as-
sociated with other congenital heart lesions. There
is a significantly higher incidence of aortic arch ob-
struction (51.1%). There is a well-documented as-
sociation of BAV with aortic coarctation.*
Previous studies have identified an association be-
tween BAV and other congenital vascular malfor-
mations, particularly ventricular septal defect.?!
However, it remains unclear which type of ven-
tricular septal defect may be associated with BAV.
The frequency of BAV in specimens with complete
transposition of great arteries has been found to be
only 1%. Hypoplastic left heart syndrome, com-
plete atrioventricular canal defect, Ebstein’s anom-
aly, partial or total anomalous pulmonary venous

return, and double-outlet right ventricle may oc-
casionally be associated with BAV.% In our study,
ventricular septal defect and aortic coarctation
were the most frequent congenital heart defects as-
sociated with BAV.

The frequency of congenital cardiovascular
abnormalities was reported to be between 23% and
45% in Turner syndrome.*> BAV and aortic coarc-
tation have been reported as the most common car-
diovascular abnormalities. BAV has been rarely
reported in children with Down syndrome.? Thir-
teen of our patients had genetic disorders. Down
syndrome (6/160) and Turner syndrome (5/160)
were the most frequent genetic disorders in our co-
hort.

Our study had some limitations, such as its ret-
rospective design. This study represents the popu-
lation of children with BAV referred to pediatric
cardiology units. Patients with clinically insignifi-
cant BAV may not be referred for echocardio-
graphic examination because of a lack of physical
findings.

I CONCLUSION

Our study demonstrates that the prevalence of
BAYV in children by transthoracic echocardiogra-
phy is 1.2%, which is in accordance with previ-
ously reported results in the literature. In our
study, the prevalence of BAV in males was approx-
imately 2 times higher than that in females. Right-
left cusp fusion was more frequently associated
with moderate-to-severe aortic valve stenosis and
regurgitation than the other morphologic pheno-

types.
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Izole Sekundum Atriyal Septal Defekt
Tanis1 Alan Hastalarin
Ekokardiyografik Seyri

Echocardiographic Progress of Patients Who
Diagnosed as Isolated Atrial Septal Defect

OZET Bu ¢alismada gocukluk cagindaki izole sekundum atriyal septal defektin seyrini degerlen-
dirmeyi, spontan kapanma tizerine etkili faktorleri arastirmay1 amagladik. Calismamizda Ocak 2000
ile Haziran 2012 tarihleri arasinda Eskisehir Osmangazi Universitesi Tip Fakiiltesi Pediatri Kardi-
yoloji Poliklinigi'nde en az 6 ay siiresince izlenmis 746 sekundum atriyal septal defekt hastas: res-
trospektif olarak degerlendirildi. Atriyal septal defektli hastalarin izleminde 208’inin (%27,7)
defektinin spontan kapandig: saptandi. Defekti spontan kapanan hastalarin yas ortalamasi 24+40
ay (6-204 ay) idi. Calismamizda tan: yas: ile defekt capi arasinda pozitif, defekt capi ve tani yagi ile
spontan kapanma arasinda negatif iligki (p<0,05) ve defekt ¢apr ile kapatma iglemleri yapilma ara-
sinda pozitif iligki saptandi (p<0,05). Atriyal septal defektli erkek hastalarda kiz hastalara gére spon-
tan kapanmanin anlaml oranda yiiksek oldugu saptand: (p<0,05). Atriyal septal anevrizma, patent
duktus arteriozus ve dogum zaman ile spontan kapanma arasinda istatistiksel anlaml fark bulun-
mazken, ventrikiiler septal defekt eslik eden atriyal septal defekt hastalarinin daha sik spontan ka-
pandigi saptandi (p<0,05). Sonug olarak; atriyal septal defektin spontan kapanmasi ve defekt ¢apinin
gerilemesi tizerine diger etkenlerden bagimsiz olarak tani anindaki defekt ¢ap: ve tani yas1 etkili-
dir, term hastalarda ventrikiiler septal defekt varligi defekt kapanma siiresini kisaltmaktadir.

Anahtar Kelimeler: Atriyal septal defekt; ekokardiyografi; seyir

ABSTRACT In this study we aim to asses the progression of secundum atrial septal defect and de-
termine the causes that affect the spontaneous closure. We evaluate 746 secundum atrial septal de-
fect patients who have at least 6 months follow up in Eskisehir Osmangazi University Pediatric
Cardiology department between January 2000 and June 2012. Follow-up of patients with atrial sep-
tal defect in 208 (27.7%) were the spontaneous closure. The average age of patients with sponta-
neous closure were 24+40 months (range 6-204 months). In our study, age of onset has been found
directly related with diameter of defect (p<0.05). Moreover, we have found inverse relationship
between age of onset, diameter of defect and spontenous closure. Spontanous closure of atrial sep-
tal defect in male patients is significantly more frequent than females (p<0.05). While statistically
significant difference was not found between atrial septal aneurysm, patent ductus arteriosus and
time of birth with spontaneous closure of atrial septal defect, there was a statistically significant cor-
relation between ventricular spontaneous atrial septal defect closure of septal defects (p<0,05). In
conclusion; the diameter of defect and age of onset affect to spontanoues closure and regresion of
defect, moreover existence of ventricular septal defect shortens the duration of closure.

Key Words: Atrial septal defect; echocardiography; follow-up
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triyal Septal Defekt (ASD) izole anomali olarak tiim dogustan kalp
hastaliklarinin i¢inde %5-10 oraninda goriiliir. Dogustan kalp has-

talig1 olan ¢ocuklarin yaklasik %30-50’sinde kalp defektine ilave
olarak ASD bulunur.!
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Birgok ¢alismada ASD nin seyri ve spontan ka-
panma siklig1 degerlendirilmistir. Fakat sonuglarin
degisken oldugu goriilmiistiir. Yapilan ¢alismalarda
yenidogan doneminde tani alan ve defekt capi
kiiciik olan vakalarin biiyiik ¢cogunlugunun spon-
tan kapandigi, defekt cap1 biiyiik olan ve tani yas1
ileri olan lezyonlarda spontan kapanma oraninin
azaldig: tespit edilmis.>® Nadiren ASD defekt ¢api-
nin yagla birlikte artt1g1 tespit edilmis.®

Bu ¢alismada ¢ocukluk ¢agindaki izole sekun-
dum ASD seyrini degerlendirmeyi, spontan kapanma
iizerine etkili faktorleri tespit etmeyi ve klinik izlemi
konusuna katkida bulunmay: amacladik.

I GEREC VE YONTEMLER

Eskisehir Osmangazi Universitesi Tip Fakiiltesi Pe-
diatrik Kardiyoloji Poliklinigine Ocak 2000 ile Ha-
ziran 2012 tarihleri arasinda bagvuran ve ekokar-
diyografik calisma ile izole sekundum ASD tanisi
alan, yaslar1 1 giin-200 ay arasinda degisen 746 has-
tanin dosyasi geriye doniik olarak incelendi. Eski-
sehir Osmangazi Universitesi Tip Fakultesi Etik
Kurulundan ¢aligmamaizla ilgili etik onay alindi.
Caligma grubumuza en az 6 ay izlem siiresi olan ve
en az 2 ekokardiyografik incelemesi olan hastalar
dahil edildi. Hastalarin tam yasgi, viicut agirhklar,
tekrarlayan ekokardiyografi bulgulari, eslik eden
ek kardiyovaskiiler hastaliklari, eslik eden kardi-
yovaskiiler sistem dig1 hastaliklari, prematiir olup
olmamalari, hastaneye bagvuru nedenleri ‘Hasta
Bilgi Formu’na kayit edildi.

Ekokardiyografi bulgular1 Radzik klasifikasyo-
nuna uygun olarak defekt caplarina gore 3 gruba
ayrildi. Literatiire uygun olarak 3 mm ve alt1 pa-
tent foramen ovale, 3 mm’den biiyiikk defektler
ASD olarak kabul edildi (2).

1. grup: >3-<5 mm olanlar (kiiciik defekt),

2. grup: >5-<8 mm arasinda olanlar (orta de-
fekt),

3. grup: >8 mm ve daha biiyiik olanlar (biiyiik
defekt),

Primum ASD, sinus venosus ASD, koroner
sinus ASD ve diger major kardiyak malformasyonu
olan hastalar ¢caligmaya dahil edilmedi. Minér kar-
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diyak anomaliler (kii¢iik ventrikiiler septal defekt
(VSD), patent duktus arteriozus (PDA) ve mitral
kapak prolapsusu, atriyal septal anevrizma (ASA))
caligmaya dahil edildi.

EKOKARDIYOGRAFIK INCELEME

Tim hastalarin ekokardiyografik incelemesi ii¢
farkli ¢ocuk kardiyoloji uzmanindan en az biri ta-
rafindan VIVID I portable ekokardiyografi cihazi
ile S3-S7 problar1 ve HAWLETT PACKARD
SONOS 5500 cihazi ile S4-S8 VE S12 problar kul-
lanilarak yapilmigtir. Tim hastalarin iki boyutlu,
M mode, continuous wave (devamli dalga-CW),
pulsed wave (nabizl dalga-PW), renkli akim eko-
kardiyografi incelemeleriyapilmigtir

ISTATISTIKSEL ANALIZLER

Caligsma verilerinin istatistiksel analizi SPSS 16.0
paket programi (SPSS Inc., Chicago, Illinois, ABD)
ile yapildi. Siirekli nicel veriler; n, ortalama ve stan-
dart hata (Standard error of mean; SEM) olarak;
nitel veriler ise n, ortanca deger, minumum ve
maksimum degerler olarak ifade edilmistir. Bagim-
s1z l¢iimlerden olusan ikili gruplarin kargilastiril-
masinda normal dagilim gosteren veriler t testi ile,
normal dagilim gostermeyen degiskenlerden olu-
san veriler ise Mann-Whitney U testi ile analiz
edilmistir. Degiskenler arasindaki iligkiyi gostere-
bilmek i¢in normal dagilim gdsteren veriler i¢in
Pearson, normal dagilim gostermeyen veriler i¢in
Spearman korelasyon testlerinden yararlanilmigtir.
Kategorik yapidaki veri setlerine ise ki-kare testi
uygulanmistir. Bazi parametreler arasindaki ilgkiyi
belirlemek i¢in “Lojistik Regresyon analizi” uygu-
landi. Olasilik degerleri p<0,05 olanlar anlamli ola-
rak kabul edilmistir.

I BULGULAR

Yaglar1 1 giin ile 200 ay arasinda degisen 746 hasta
retrospektif olarak degerlendirildi. Hastalarin 364
(48,8)ti erkek idi. Olgularin yas ortancasi 5 ay (1
giin-200 ay) idi. Hastalarin tani yagina gore grupla-
mas1 yapildiginda 278’1 (%37,2) <1 ay, 193’11 (%26)
>1-<12 ay, 275’1 (%36,8) >12 ay idi. Hastalarin or-
talama izlem stiresi 17 ay (6 ay-160 ay) idi. Hasta-
larin 90’1inda (%12) ASA, 73’inde (%9,7) kiiciik
VSD, 47’sinde (%6,3) kiicitk PDA eslik etmekteydi.
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ASD’li hastalarin izleminde 208’inin (%27,7)
defektinin spontan kapandig1 saptandi. Defekti
spontan kapanan hastalarin yas ortalamas1 24+40
ay (6-204 ay) idi. Defekt ¢ap1 1. grupta olanlarin
177’inde (%40,5) spontan kapanma oldugu,
177’sinde (%41,9) defekt ¢apinin ayni kaldig, 71
hastanin (%17,5) defekt ¢apinin arttig: saptandi.
Defekt capr 2.grupta olan hastalarin 37’sinde
(%21,5) spontan kapanma oldugu, 71’inde (%56,7)
defekt capinin azaldigi, 25’inde (%14,5) defekt ¢a-
piin ayni kaldigi ve 39’unun (%22,6) defekt ¢api-
nin arttigl bulundu. Defekt c¢ap1 3.grupta olan
hastalarin higbirinde spontan kapanma yoktu,
3’tiinde (%1,9) defekt cap1 ayn1 kalmist1 ve 18’inde
(%11,5) defekt cap1 azalmisti, 138’inde (%88,4) de-
fekt ¢ap1 artmist1 (Tablo 1).

Defekt cap: 1. grupta olan hastalarin % 76,6 s1
1 yas altinda olgular, defekt cap1 3. grupta olan ol-
gularin %76,9” u ise 1 yas iistiinde olan olgularda.
Tan1 anindaki defekt ¢api ile tan1 yas1 arasinda ista-
tistiksel olarak pozitif iligki saptand (p<0,01).

ASD’nin spontan kapanmasi ile prematiirite,
cinsiyet, PDA varlig1, VSD varlig1, ASA varlig ara-
sindaki iligki degerlendirildi. ASD tanili hastalarda
VSD varliginin, spontan kapanma ile anlaml ilig-

kisi oldugu bulundu (p<0,01). ASD tanili hastalarda
cinsiyet ile spontan kapanma iliskisine bakildiginda
erkek hastalarda kiz hastalara gore spontan kapan-
manin anlaml oranda yiiksek oldugu saptandi
(p=0,02). ASD’nin spontan kapanmasi ile prematii-
rite, eslik eden PDA veya ASA defekti arasinda
iligki bulunmadi (p>0,05) (Tablo 2).

ASD tanili hastalarda defekt ¢api ile spontan
kapanma iligkisi degerlendirildiginde; tan1 aninda
defekt cap1 kii¢iik olan grupta spontan kapanma
oraninin diger gruplara gore anlamli oranda yiik-
sek oldugu saptandi (p< 0,01) (Sekil 1).

ASD’nin spontan kapanmast ile iligkili faktor-
ler (prematiirite, cinsiyet, tani yasi, PDA varligs,
VSD varligi, defekt capi, ASA varlig) logistik reg-
resyon analizi ile degerlendirildi. Tan1 yasinin
erken olmasi (p=0,01), defekt ¢capinin kiiciik olmas:
(p<0,01) ve VSD varliginin spontan kapanma ile
anlaml iligkisi oldugu bulundu (Tablo 3).

I TARTISMA

Bircok ¢alismada ASD’nin seyri ve spontan ka-
panma siklig1 degerlendirilmigtir. Fakat sonuclarin
degisken oldugu goriilmiistiir. Calismamizda ASD
tanist alan hastalarin kiz/erkek orani 1,04 idi. Er-

TABLO 1: ASD'li hastalarin defekt ¢api gruplarina gére ekokardiyografik seyri.
Defekt capi Spontan kapanma 0-3 mm >3-5 mm >5-8 mm >8 mm
3-5 mm [n(%)] 171 (% 40,5) 177 (%41,9) M (%9,7) 24 (%5,6) 9 (%2,1)
>5-8 mm [n(%)] 37 (%21,5) 37 (%21,5) 34 (%19,7) 25 (%14,5) 39 (%22,6)
>8 mm [n{%)] 0 3(%1,9) 6 {%3,8) 9 (%5.,7) 138 (%88)
TABLO 2: ASD’nin spontan kapanmasi ile diger degiskenlerin iligkisi.

Spontan kapananlar [n(%)] Spontan kapanmayanlar [n(%)] p
ASA(+) 23(%25,5) 67(%74,4) L
ASA() 185(%28) 475(%72) '
Prematr 23(%41,1) 33(%58,9) 005
Matiir 148(%40,4) 218(%59,6) '
PDA(+) 24(7%46) 28(%54) e
PDA() 184(%26) 514{%74) '

0, 0
Erkek 115 (% 31) 251 (% 69) P=0,02
Kiz 93 (% 25) 291 (% 75)
V8D (+) 35(% 44.,9) 43(% 55,1) i
VSD () 173(% 25,7) 499(% 74,3) '
126 Pediatr Heart ] 2015;2(3)
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SEKIL 1: ASD tanili hastalarda defekt capi ile kapanma iliskisi.

tirk ve ark. 149 olgu ile yaptiklar: ¢aligmada bu
orani 1,8, Christensen ve ark. ise 1,6 olarak bildir-
miglerdir.*1° Helek ve ark. ise 388 hasta ile yaptik-
1,1 olarak
saptamiglardir.!! Caligmamiz ASD’li hastalarda cin-

lar1 ¢aligmada kiz/erkek oranim

siyet agisindan Helek ve arkadaslarinin ¢aligmasi
ile benzerdir.

Calismamizda ASD tani yagt ortancasi 5 ay ola-
rak bulundu. Azhari ve ark. 121 hasta ile yaptiklar
calismada yas ortalamasini 23 ay, Helgeson ve ark.
12,1 ay, Hanslik ve ark. ise 5 ay bulmuglardir. Ca-
lismamizin sonuglar1 Hanslik ve ark.nin yaptig: ¢a-
ligma ile benzerlik gostermektedir."”!2 Son yillarda
pratisyen hekimlerin ve pediatristlerin gerek
zaman azlig1 ve gerekse fiziki muayenenin yetersiz
yapilmasi nedeniyle siit cocugu ve erken ¢ocukluk
doneminde hastalar1 cok erken ve gereksiz yere pe-

diatrik kardiyoloji polikliniklerine yénlendirilmesi
nedeniyle ASD tani yas1 erkene kaymaktadir.

Sekundum ASD’ler, her ne kadar parsiyel
anormal pulmoner vendz doniis, pulmoner kapak
stenozu, VSD, pulmoner arter dal stenozu ve per-
sistan sol superior vena kava, MVP ve MY ile ilis-
kili olabilse de, genellikle izoledir.”® Bizim
calismamizda ASD tanili hastalarinin %12’sinde
ASA, %9,7’sinde VSD ek kardiyak anomali olarak
eslik etmekteydi. ASA ile iligkili en sik goriilen pa-
tolojik durum %30 oraninda sekundum ASD’dir.'*
Calismamiza ASD’nin seyrini etkileyecegi diisiin-
cesiyle siyanotik konjenital kalp hastaliklari, orta
ve agir kapak lezyonlar: ve orta ve biiyiik sol sag

santli lezyonlar dahil edilmedi.

Ertiirk ve ark.nin yaptig1 calismada hastalarin
%49 unda defekt ¢capinin 4 mm ve altinda oldugu
bildirilmistir.® Hanslik ve ark.nin ¢alismasinda has-
talarin %40’ 1inda defekt ¢ap1 4-5 mm idi.'? Helga-
son ve ark.nin 80 hasta ile yaptiklar1 ¢alismada ASD
defekt cap1 hastalarin %36’sinda 4 mm altinda bu-
lunmustur.! Bu caligmalar ile calismamizin defekt
¢ap1 dagilimlar: uyumlu bulunmustur.

Literatiirle uyumlu olarak c¢aligmamizda
defekt cap: 3-5 mm arasinda olan hastalarin
biyiik bir kismi 12 ay altinda, defekt ¢cap:1 8 mm

TABLO 3: ASD kapanmasi ile iligkili faktrlerin lojistik regresyon analizi.

Degiskenler B SE
Sabit 0,861 0,590
Yas grubu (referans; 1 yas alti)

>1ay-<12 ay 0,912 0,265

>12ay 1,01 0,255
Cinsiyet (referans; erkek)

Kiz 0,161 0,182
ASD cap (referans; >8 mm)

>5 mm-<8 mm 0,875 0,219

>3 mm->5 mm 0,203 0,316
ASA(referans; yok)

Var 0,344 0,279
Prematrite (referans; yok)

Var 0,54 0,289
VSD {referans; yok)

Var 0,67 0,271
PDA (referans; yok)

Var 0,26 0,31

P OR 95%cl

0,145

0,01 0,402 0,23-0,67
<0,01 0,364 0,22-0,60
0,375 1,175 0,82-1,67
<0,01 1,375 1,53-3,62
0,01 2,312 1,52-3,67
0,218 0,709 0,41-1,22
0,22 0,702 0,39-1,23
0,01 1,95 1,14-3,32
0,41 1,30 0,69-2,43
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tizerinde olan hastalarin ise ¢ogunlugu 12 ay
izerinde tani alan olgulardi.” Caligmamizda tani
yast ile defekt ¢ap1 arasinda istatistiksel olarak
anlaml iligki saptandi. ASD defekt ¢ap: kiigiik
olanlar hayatin ilk yillarinda fark edilmeden ka-
pandigindan dolay: ilerleyen yaslarda orta ve
biiyiik ¢apli defektlerin daha sik rastlanildig: dii-
stinildd.

Birgok galismada ASD’nin seyri ve spontan
kapanma siklig1 degerlendirilmis fakat sonuglarin
degisken oldugu goriilmiistiir. Yenidogan hasta-
larda yapilan ¢aligmalarda %87 ve {izeri oraninda
spontan kapanma bildirilmistir.>* Ozcelik ve ark.
yaptiklari calismada 1072 yenidogan hastada inte-
ratriyal acikliklarin 1 yas civarinda %96,1 ora-
ninda kapandigini, 3 mm altindakilerin %99,3, 7
mm {izerindekilerin %50 oraninda kapandigini
bildirmiglerdir.> Aksine Mc Mahon ve ark. 104
izole sekundum ASD’si olan hasta ile yaptiklar: ¢a-
lismada hastalarin %68’inde ASD ¢apinda artig, 7
hastanin defekt ¢capinin 6-12 mm arasina, 3 hasta-
nin defektinin 12 mm tizerine ¢iktig1 gozlenmis-
tir. Azhari ve ark.nin bityiik ¢ogunlugunu 8 mm
ve lizeri defektli hastalarin olusturdugu ¢aligmala-
rinda %25,6 spontan kapanma saptanmigtir.'® Hel-
kigtk
defektlerin spontan kapanabilecegini, 8 mm ve

gason ve ark. yaptiklar1 c¢aligmada
tizeri defektlerin kapatilmasi gerektigini bildir-
mislerdir.” Cocuklar biyiidiikge defekt ¢apinin ar-
tabilecegini 6ne stirmislerdir.? Caligmamizda
defekt cap1 1. grup olanlarin %40,5, defekt ¢ap: 2.
grup olan hastalarin %21,5 spontan kapanma ol-
dugu saptandi. Defekt cap1 3.grup olan hastalarin
hi¢ birinde spontan kapanma yoktu. Calismalar
arasindaki ASD’nin spontan kapanmasi ve seyri ile
ilgili farkli sonuglarin bildirilmesi hasta gruplar
arasindaki yas ve defekt ¢api farkliligina bagh ola-
bilecegini diisiindiirmektedir.

ASD tanili hastalarin tani yag: 1 ay ve altinda
olanlarin %41,5’inde, 12 ay iizerinde olan grupta
ise %10,8’inde defektinin kendiliginden kapandig:
goriilldti. Her ti¢ grup arasinda spontan kapanma
acisindan istatistiksel olarak anlamli fark saptanda.
Fukazawa ve ark. ile Senocak ve ark.nin yenidogan
doneminde tani alan hastalar1 iceren ¢aligmalarinda
% 92 ve %98 oraninda spontan kapanma bildirilir-
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ken, Hanslik ve ark. ¢aligmalarinda 1 yas altinda
tan1 alanlarin %39 unun, 1 yas tizerinde tani alan-
larin ise %19 unun spontan kapandigini bildirmis-
lerdir.3#12 Bizim ¢aligmamizin sonuglari bu agidan
literatiir ile uyumlu bulundu.

Literatiirle uyumlu olarak ¢alismamizda spon-
tan kapanma yag ortalamasi 24+/-40 ay idi.”!!!2
ASD’li ¢ocuklarda 2 yas 6ncesi cerrahi miidahale
karar1 vermeden iyi bir degerlendirme yapilmasi ve
4 yasa kadar cerrahi kapatma agisindan klinik izlem

onerilmektedir.’>1”

Calismamizda prematiirite, PDA veya ASA’nin
ASD’nin spontan kapanmas: ile anlamli iligkisi
yoktu (p>0,05). Demir ve ark.nin 100 izole ASD’si
olan hastayla yaptiklar1 ¢caligmada anevrizma olu-
sumu gosteren 10 olgunun 3’iinde defektin tama-
men kapandig ve digerlerinde defektin kiiciildigii
goriilmiistiir ve anevrizma formasyonunun biiyiik
defektlerde kapanmadan sorumlu olabilecegi diisii-
niillmiistiir.! Brand ve ark.nin calismasinda 35
ASA’l hastanin 8'inde ASD’nin kapandigi, 6’sinda
ASA’nin kayboldugu bildirilmistir ve ASD’nin
spontan kapanmasinda rol oynayabilecegi 6ne sii-
rilmistir.” Riggs ve ark.nin term ve pretermlerde
interatriyal acgiklig1 degerlendirdikleri ¢alismada
preterm hastalarin ortalama agiklik kapanma siiresi
752 giin, termlerde 119 giin olarak bulunmustu ve
prematiireligin interatriyal aciklik kapanma siire-
sini olumsuz etkiledigi bildirilmistir.'® Ayrica term
PDA’l1 bebeklerde PDA’s1 olmayan bebeklere gore
kapanma siireleri istatistiksel olarak anlamli oranda
kisa idi. Bizim caligma sonuglarimiz da bu sonug-
larla benzerlik gostermektedir. PDA varliginin pul-
moner vendz kan akimini artirmasi ve sol atriuma
doniisti artirarak sol atrium basincinin yiikselmesi
ve buna bagli olarak ASD’nin kapanmasinin hiz-
lanmas: beklenir.

VSD varligi ile ASD’nin spontan kapanmasi
arasinda pozitif anlamli iligki ve (p<0,01) ve term
ASD’li hastalarda VSD’nin defekt kapanma siire-
sini kisaltt1g1 saptandi. Literatiirde VSD’nin in-
tertariyal acikliklarin  spontan  kapanma
tizerindeki roliinti bildiren ¢aligma bulamadik. Bu
sonuglarin PDA’da oldugu gibi VSD’de de sol-sag

sant patofizyolojisine bagh sol atrium bir miktar
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basing artig1 ile iligkili olabilir. Bu konuyla ilgili
daha genis serili ve daha ileri arastirmalara ihti-
yag vardir.

ASD’nin seyrine etki eden faktorlerin etkisini
es zamanli degerlendirmek i¢in yapilan lojistik reg-
resyon analizi ile tani yaginin erken olmas (p<0,05)
ve defekt capinin kiicitk olmasinin (p<0,05) ve
VSD varliginin spontan kapanma ile pozitif an-
laml iligkisi oldugu bulundu. Hanslik ve ark.
ASD’nin spontan kapanmas: {izerine etkili fak-
torleri degerlendirdiklerinde tek 6nemli faktériin
tan1 anindaki defekt ¢cap1 oldugunu ayrica ASD’nin
spontan kapanmas: ve defekt ¢apinin 3 mm ve al-

tina gerilemesi {izerine tani anindaki ¢ap ve tamni
yasinin diger faktorlerden bagimsiz olarak etkili ol-
dugunu bildirdiler.'?

Sonug olarak ¢alismamizda ASD’nin tan1 yagi-
nin giderek kiiciildtigii, daha ¢ok 3-5 mm arasi
kiiciik defektlerin saptandig: ve kiiciik defektlerin
spontan kapanma oranlarinin daha yiiksek oldugu
saptandi. Defektin spontan kapanmas: tizerine tani
yas1 ve tani anindaki defekt ¢aplarinin en 6nemli
faktorler oldugu, 8 mm ftizerindeki defektlerin
spontan kapanmayarak siklikla kapatma islemi ge-
rektirdigi, VSD varliginin spontan kapanmayi
olumlu etkiledigi bulundu.
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Stenting of Ductus Arteriosus to
Maintain Pulmonary Circulation: Review

Pulmoner Dolasimin Saglanmasi I¢in
Duktusa Stent Implantasyonu

ABSTRACT If early repair is not feasible in neonates and infants with pathologies involving criti-
cally decreased pulmonary blood flow, conventional management consists of initial prostaglandin
infusion followed by formation of a systemic-to-pulmonary shunt (SPS). Ductal stenting is pro-
posed as a new alternative to these standard treatment options. It seems a reasonable solution in
prostaglandin-dependent patients or patients requiring SPS in terms of shortening the hospital stay,
eliminating problems associated with a thoracotomy and reducing the number of operations. The
technical difficulty of stenting depends mainly on ductal morphology. The anatomy of ductus in
pathologies such as cyanotic Ebstein anomaly of tricuspid valve, tricuspid atresia or critical pul-
monary stenosis has a short straight course and it originates from the proximal part of the de-
scending aorta. This type of ductal anatomy is most favorable for stent implantation. On the other
hand, ductus in ventricular septal defect and pulmonary atresia has a more complex anatomy, which
could potentially complicate the procedure. Nevertheless, the procedure can be performed with a
high rate of success in selected patients. Complications such as fatal ductal spasm, acute thrombo-
sis, and suboptimal position or migration of the stents may be encountered. Stent and balloon tech-
nology have developed significantly in the past 20 years and these developments have dramatically
improved the results of this alternative treatment. With the current knowledge, ductal stent im-
plantation in a subgroup of patients with ductus-dependent pulmonary circulation is feasible and
effective. The duration of palliation is still an important restriction of this alternative method.

Key Words: Ductus arteriosus; stenting; cyanosis

OZET Yenidogan ve erken siit ocugu déneminde tamiri miimkiin olmayan duktusa bagimli pul-
moner dolagimi olan patolojilerde konvansiyonel tedavi prostaglandin infiizyonunu takiben siste-
mik- pulmoner gant (SPS) operasyonudur. Duktal stent implantasyonu bu standart tedavilere
alternatif yeni bir yontem olarak ileri siiriilmektedir. Duktusa bagimli ya da SPS gerektiren olgu-
larda hastanede kalim siiresini kisaltan, torakotomi ile ilgili problemleri ortadan kaldiran, operas-
yon sayisini azaltan ve hedeflenen bir sonraki operasyon siiresine kadar zaman kazandirict makul
bir segenek olarak gériinmektedir. Duktusa stent implantasyonunun teknik zorlugu temel olarak
duktus morfolojisine baghdir. Trikiispit atrezide yada intakt ventrikiiler septumlu pulmoner atrezi
gibi patolojilerde duktus arteriosus proksimal desendan aortadan kdken alan, daha normal orijinli,
kisa ve diiz sekillidir. Bu duktuslar stent implantasyonu i¢in en uygun duktuslardir. Diger taraftan
ventrikiiler septal defekt ve pulmoner atrezi olgularindaki duktuslar daha kompleks anatomik yap-
1da olup potansiyel olarak bu iglemi zorlagtirabilecek yapidadirlar. Yine de bu islem se¢ilmis olgu-
larda oldukga bagaril bir sekilde uygulanabilir. Fatal duktal spasm, akut tromboz, stentin suboptimal
pozisyonu yada migrasyonu gibi komplikasyonlarla kargilagilabilir. Son 20 y1lda balon ve stent tek-
nolojisindeki kayda deger degisikliklerle beraber teorik olarak oldukea cekici olan bu tedavi so-
nuglarinda dramatik iyilesme goriilmektedir. Giiniimiizde duktus bagimli pulmoner sirkiilasyonu
olan bir grup yenidogan ve siitgocugu olgularinda duktal stent implantasyonu uygun ve giivenilir
bir yontemdir. Ancak palyasyon siiresi bu alternatif yontem i¢in halen énemli bir kisitlayic1 fak-
tordiir.

Anahtar Kelimeler: Ductus arteriozus; stent; cyanosis
Pediatr Heart ] 2015;2(3):130-5
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uctus arteriosus (DA) is large channel found

in all mammalian fetuses that connects pul-

monary artery to descending aorta. Func-
tional closure of the DA occurs in 12 to 24 hours
after birth. Anatomic closure occurs with replace-
ment of the muscle fiber with fibrous ligament in
two to four weeks postnatally. Contractions of
smooth muscles, increased PO, and decreased
prostaglandin (PGE) levels all contribute to its func-
tional closure. If the pulmonary blood flow level is
critically decreased with the closure of DA or if its
patency is absolutely necessary for sufficient pul-
monary blood flow, the pulmonary circulation is
defined as ductus-dependent. Conventional treat-
ment consists of initial prostaglandin infusion fol-
lowed by surgical formation of a systemic to
pulmonary shunt in these patients. Prostaglandins
have been used for many years to maintain ductal
patency, however, its use requires intravenous route
and hospitalization."? Also, they have a number of
untoward effects such as apnea, hypotension, inhi-
bition of platelet aggregation, fever, diarrhea, flush-
ing, bradycardia, seizures and arrhythmia.?

Systemic to pulmonary shunt or Blalock Taus-
sig shunt (BTS) was a real revolution for palliation
of cyanotic heart disease, first performed in 1944.
Since then, it has been used worldwide as the stan-
dard of treatment in almost every surgical center
dealing with congenital heart disease, with varying
success rates. Although there is more than 70 years’
experience with the BTS, when compared to BTS
performed later in childhood, those performed in
the neonates are associated with unexpectedly high
morbidity and mortality rates.> The data abstracted
from The Society of Thoracic Surgeons Congenital
Heart Surgery Database (2002 to 2009) revealed that
the mortality rate was 7.2%, and total morbidity
was 13.1% in shunt patients. BTS has still consider-
able morbidity and mortality in newborns, espe-
cially in intact ventricular septum and pulmonary
atresia (IVS-PA), univentricular hearts or babies
smaller than 3 kg.” Pleural effusion, chylothorax,
phrenic and vagal nerve palsy, distortion and dif-
ferential growth of the pulmonary arteries are well
known shunt-related complications. Initial opera-
tion also increases morbidity and mortality of the
following corrective or palliative surgeries.

Pediatr Heart ] 2015;2(3)

Ductal stenting is proposed as a non-surgical
alternative to BTS. It seems a reasonable alterna-
tive in PGE dependent patients in terms of short-
ening the hospital stay, eliminating problems
associated with a thoracotomy, reducing the num-
ber of surgical interventions and delaying the time
of corrective surgery. Ductal stent implantation
was first performed by Gibbs in 1992.2 Unfortu-
nately, results of early reports were discouraging.’
Considerable complications such as fatal ductal
spasm, perforations of right ventricular wall and
suboptimal position or migration of the stents were
encountered. Stent and balloon technology have
significantly improved in the past two decades. Al-
though increasing experience and knowledge about
the procedure, developments in stent and balloon
technology and better patient selection led to im-
proved results, there are still important restrictions
and the procedure is not widely applied in all clin-
ics.!%13 In this article, we review the subject em-
phasizing the experience in the literature.

I INDICATIONS

Ductal stenting and BTS are mostly needed in
neonates who have no other effective pulmonary
blood flow other than the duct. Also some newborns
who are not duct-dependent but severely cyanotic,
owing to insufficient pulmonary blood flow, could
require these procedures for better palliation.

I TECHNICAL CONSIDERATIONS

Cardiac catheterization is usually performed under
deep sedation or general anesthesia.!! Utmost care
must be exercised to prevent hypothermia. Full
monitorization of the baby is strictly recommended.

The ductus can be reached from either side ac-
cording to the pathology: retrogradely from the
femoral artery and antegradely from the femoral
vein or both sides. The carotid artery, radial artery
and axillary artery are rarely used. The primary aim
is to demonstrate ductus both before and during
stenting and then to develop a strategy to carry the
stent to the duct. It is better not to use a 5 Fr
catheter in a newborn femoral artery. In patients
who have another route to reach the aorta ante-
gradely, control injections can be performed using
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this way, and ductal stenting can be performed
through a 4 Fr introducer in the femoral artery to
avoid a larger sheath. The ductus can be visualized
antegradely and the stent delivered retrogradely.
There is also a commercially available 4 Fr long-
sheath which could be preferred instead of 5 Fr
guiding catheters. The duct can also be visualized
using a Berman catheter and then a 5 FR guiding
catheter can be used both to carry the stent-
mounted balloon and to control during stenting,
preferably delivered antegradely (Video 1).

In patients with IVS-PA and critical pul-
monary stenosis (PS) after perforation and/or
valvuloplasty of the pulmonary valve or functional
pulmonary atresia in severe Ebstein anomaly
whose right ventricle outflow tract is already
patent, it is more convenient to deliver and deploy
the stent antegradely, even using 6 FR guiding
catheters, which can also be used to obtain control
angiograms with the attached Y connectors.

Heparin bolus (100 IU/kg) is given after the in-
troducer is inserted, and infusion (20 IU/kg/h) is
continued for 24 hours in patients in whom stent
has been implanted successfully. Later on, the pa-
tient is put on acetylsalicylic acid 3-4 mg/kg/day.

If the patient is on PGE medication, it should
be discontinued a few hours prior to the procedure,
to enable the duct to constrict around the stent
safely after implantation. If the patient cannot tol-
erate discontinuation of PGE infusion, it can be
restarted until the implantation of stent.!*

The duct is visualized with angiography in the
90° lateral position in all and 40° right anterior-
oblique position in some patients. The left anterior
oblique (25° to 30°) and cranial position is better
suited to demonstrate the anatomy in some pa-
tients. Catheters used for contrast injections are an-
tegradely delivered right coronary guiding catheter
and retrogradely placed multipurpose catheter or
Berman angiographic catheter with balloon occlu-
sion of the descending aorta below the duct. An-
giographic views should provide information about
ductal origin from the aorta and insertion into the
pulmonary artery. The shape, length and bandings
of the duct and confluence of the pulmonary ar-
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teries and pulmonary anatomy should also be de-
lineated from these angiographies.

The technical difficulty of stenting mainly
stems from ductal morphology. It is generally ac-
cepted that there are four types of ducts in view of
stenting. The anatomy of the ductus in pathologies
such as cyanotic Ebstein anomaly of the tricuspid
valve, tricuspid atresia or critical pulmonary steno-
sis has a short straight course and it originates from
the proximal part of descending aorta. This kind of
ductus is called type A (Figure 1). These ducts are
ideal for stenting and the procedure can be ex-
pected to be completed smoothly. In type B, the
ductus originates from the distal transverse arch
with some tortuosity. These kinds of ducts are also
easier for stenting. Most difficult ducts are more
proximal, vertical ones having more than one bend
and are defined as Type C. Type D ducts originate
from the subclavian artery (Figure 2).

Pulmonary artery anatomy may be categorized
into the three groups in view of ductal stenting; 1)
confluent pulmonary arteries without branch pul-
monary artery stenosis, 2) confluent pulmonary ar-
tery with branch stenosis, 3) nonconfluent
pulmonary arteries. Nonconfluent pulmonary ar-
teries are supplied either by bilateral patent ductus
arteriosus (PDA) (Figure 3) or one side from the
PDA and the other from antegrade flow.

The ductus morphology is often more complex
in pathologies such as tetralogy of Fallot (TOF) or
pulmonary atresia with ventricular septal defect
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FIGURE 1: Type A ductus originates from descending aorta has short straight
course.
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FIGURE 2: Type D duct originates from subclavian artery.

FIGURE 3: Nonconfluent pulmonary arteries supplied by bilaterally implanted
ductus stent.

(PA-VSD). In these pathologies, it is usually elon-
gated, tortuous, and arise more proximally from the
inferior aspect of the arcus. This type of ducts also
has a tendency to insert into the proximal left pul-
monary artery (LPA), causing a significant stenosis
of the LPA (Figure 4). Transvenous approach is
more likely to be successful in the majority of these
patients. PDA can be crossed with the guidance of
a cut-pigtail or left internal mammary artery
(LIMA) catheter and stented retrogradely. In most
patients with tortuous but not significantly elon-
gated ducts, the ductus takes a straight shape after
stenting. On the other hand, some authors argue
that this type of ductus anatomy is a relative con-
traindication for stent implantation.'?" Stenting of
the ductus can be risky especially in single ventri-
cle patients who are candidates for Fontan type
physiology, as protruding stents could cause branch
pulmonary artery stenosis and possibly prevent this
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kind of repair. However, some authors prefer stent-
ing these patients.'® In nonconfluent pulmonary ar-
teries, bilateral PDA stenting is also possible.

After determining ductal anatomy, pulmonary
artery anatomy and ductal size, appropriate stent is
selected. Measurement of the ductus is an impor-
tant part of stent selection. Ductal length is best
measured once the ductus is straightened by pass-
ing an extra support coronary wire across it. As a
principle, the entire ductus should be stented; oth-
erwise, the unstented segment will rapidly con-
strict and compromise pulmonary blood flow. Stent
lengths are chosen to allow 10% shortening with
full expansion. For these reasons, a stent that is a
few (1-2) mm longer than the ductus is chosen. De-
termining stent length is straightforward in short
straight ducts, but it is highly complicated in long
tortuous ducts. To cover the entire ductus by using
a single stent is preferred; however, in long tortu-
ous ducts, using two short stents telescoping into
each other is better than one long stent.

Stent diameter depends on patient weight, age
and the need for single or bilateral lung perfusion.
Mostly, 3 mm, 3.5 mm or 4.0 mm diameter stents are
used. Practically, 3.5 or 4 mm diameter stents are pre-
ferred for term newborns; however, if the duct sup-
plies a single lung or the body weight is lower than
2.5 kg, 2.5 or 3 mm diameter stents may be used.”

Usually standard coronary stents premounted
on low-profile balloon dilatation catheters are used

FIGURE 4: Left pulmonary artery stenosis at Ductal insertion site.
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and placed into the ductus over a 0.014 inch
floppy-tipped extrastiff guidewire passed through
the ductus either antegradely or retrogradely. It is
also possible to bring the stent antegradely from the
ascending aorta to the PDA in some patients with
complex pathologies or PA-VSD. Both during and
after the stent implantation, control angiography
is performed to determine the stent position and to
determine the need for additional stents.

I COMPLICATIONS

Femoral artery or axillary artery occlusion is the
most frequent complication. Avoidance of 5Fr
sheaths is important for prevention of this compli-
cation. Reaching the ductus antegradely from the
femoral vein should be preferred whenever tech-
nically feasible. There are also commercially avail-
able 4 Fr long sheaths, which could be preferred
against 5 Fr guiding catheters.

Although very rare (<1%), fatal ductal spasm is
one of the most feared complications of this proce-
dure. It results from manipulation of the guidewire
and catheter while placement across the ductus.
Using floppy-tipped 0.014 inch coronary guidewires
with gentle manipulation and never crossing the
duct with a catheter (without a guidewire) may pre-
vent this complication. This complication is mani-
fested by sudden decrease in oygen saturation. If the
guidewire is well positioned, implanting the stent as
soon as possible could treat this complication. But if
this complication occurs at the beginning of
guidewire manipulation before crossing the ductus,
it is recommended to remove the wire and restart
the PGE infusion with high dose, send the patient
to operation as soon as possible.!* The surgical
standby is a prerequisite for ductal stenting proce-
dures. It is also advisable to have PGE ready for in-
fusion in the catheterization laboratory.

Stent migration is another worrying compli-
cation of the procedure. Stent migration is likely to
occur if the ductus is not sufficiently constricted.
Some authors do not recommend stenting ducts
larger than 2.5 mm in diameter.' It is advisable to
stop PGE before starting catheterization. The deci-
sion of how early PGE infusion can be discontinued
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depends mainly on the oxygen saturation of the pa-
tient. If an implanted stent migrates to the pul-
monary artery, it is almost impossible to retrieve
without surgery.

Alwi et al. reported acute stent thrombosis with
a ratio of 2-3%.'* Stent thrombosis occurs relatively
in the early phase after stent implantation, hence
the recommendation that the guidewire be kept in
place for a while before terminating the procedure.
When this complication is encountered, if the
guidewire is still across the ductus, a coronary bal-
loon (2,5-3 mm) can be passed into the stent and in-
flated several times in several levels for mechanical
destruction of the thrombus. Drugs such as strep-
tokinase or recombinant tissue plasminogen activa-
tor could also be applied to solve the thrombus.

Baho et al. stated that the stent can protrude
into the lumen of the pulmonary artery or to the
aorta and protrusion is more likely when multiple
stents are used.'® However, they also reported that
protruding stents do not cause an increased risk of
thrombosis in patients on aspirin and also there is
no statistical evidence that mild protrusion could
cause lung perfusion defects.

I FOLLOW-UP

If stenting is completed successfully, patients are
heparinized for 24 hours and put on aspirin treat-
ment. Some also advice clopidogrel treatment but
safety of this drug in children is not well deter-
mined yet. Because of neointimal proliferation,
stent stenosis may develop in 6-12 months. Second
stage operations such as Glenn operation for uni-
ventricular hearts or total correction in biventric-
ular hearts must be performed in this period.'® But
in some patients, it is possible to dilate the stent
when needed. In very rare cases, ductal stent pa-
tency persists more than two years. After stenting,
patients are followed bimonthly for oxygen satura-
tion. Clinical examination and echocardiographic
assessment is also necessary to evaluate stent func-
tioning. Continuous murmur is a valuable sign of a
well-functioning stent. Echocardiography also
gives an idea about growing pulmonary arteries and
helps determine the timing of surgery.

Pediatr Heart ] 2015;2(3)
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SYSTEMIC-TO-PULMONARY SHUNT
VERSUS PDA STENTING

The morbidity and mortality after BTS is higher in
the neonatal period in comparison to later child-
hood.*¢” PDA stenting is as effective as modified BTS
in promoting global pulmonary artery growth in
congenital heart disease with duct-dependent pul-
monary circulation.'*?*?! Stenting could also reduce
the hospital stay."" Compared to PDA stenting, in
modified BTS, pleural effusion, chylothorax, phrenic
and vagal nerve palsy, and distortion and differential
growth of the pulmonary arteries are well-known
complications.*”* On the other hand, the stented
arterial duct tends to be less durable than a conven-
tional surgical shunt owing to ductal tissue prolapse
through the stent struts and intrastent endothelial
hyperplasia, as already reported.®? Clinically signif-
icant stenosis usually develops within six months to
one year after stenting.**%

‘When these facts are taken into consideration,
is ductal stenting really a good alternative to surgi-
cal shunts? At present, it is hard to answer this

question fairly. It is obvious that, when compared
with primary surgery, this approach is less invasive
and significantly shortens hospitalization and re-
duces treatment costs. However, there is no ran-
domized controlled trial to compare the results of
the two procedures and it seems difficult to carry
out such a trial. There are trials that compare the
effectiveness of both methods, but they are not ran-
domized controlled studies by design.”?

I CONCLUSION

Ductal stenting may be the ideal therapeutic option
in pathologies such as IVS-PA, cyanotic Ebstein in
the early postnatal period or critical PS with a short
straight duct requiring short-term palliation. Un-
fortunately, it is technically demanding in ducts
that are more proximal, vertical or tortuous and also
it is not feasible in pathologies needing long-term
palliation. In future, advanced technologies includ-
ing drug-eluting or more flexible stents could en-
able us to apply this procedure in all kinds of ductal
anatomy with long-term patency.
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Video 1. Demostration of ductus by
antegradely placed Berman catheter.
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Izole Parsiyel Pulmoner Venéz Déniis
Anomalisi Olan Hastalarin Degerlendirilmesi

Evaluating Patients with Isolated Partial
Anomalous Pulmonary Venous Drainage:
Case Report

OZET izole parsiyel pulmoner vendz doniis anomalisi (PAPVD) gok ender bir konjenital anomali
olup kolayca saptanamayabilir. Bu nedenle, transtorasik ekokardiyografi ile dikkatli inceleme ya-
pilmal: ve gerek goriiliirse transozefageal ekokardiyografi (TEE), bilgisayarli tomografi (BT), man-
yetik rezonans (MR) kullanilmalidir. Hemodinamik degerlendirme ve taniy1 dogrulamada kateter
anjiyografi 6nemlidir. Klinigimizden on hasta bagvuru tablolari, tanilar1 ve tedavi yaklagimlar: de-
gerlendirildi. Ekokardiyografi, anjiyografi ve diger goriintiileme yontemleri ile alt1 hastada sag ak-
cigerin ve dort hastada sol akcigerin pulmoner venlerinin anormal drenajini saptadik. Degerlen-
dirilen yedi hasta ayaktan poliklinik izlemine alindi. Cerrahi tedavi 6nerilen diger ii¢ hastanin ikisi
opere oldu, diger hasta cerrahi tedaviyi kabul etmedigi i¢in ayaktan poliklinik izlemine alindi.

Anahtar Kelimeler: Akciger venleri; ekokardiyografi; kalp kusurlari, dogumsal;
brakiosefalik venler; ventrikiiler disfonksiyon, sag

ABSTRACT Isolated partial anomalous pulmonary venous drainage (PAPVD) is a very rare con-
genital anomaly so that it can not be recognized easily. Therefore, careful examination should be
done with transthorasic echocardiography and if it is needed transoesophageal echocardiography
(TEE), computerized tomography (CT), magnetic resonance (MR) should be used. Catheter an-
giography is important for hemodynamic evaluation and confirmation the diagnosis. We evaluated
ten patients from our clinic with their presentation, diagnosis and treatment approaches. Evaluat-
ing with echocardiographic, angiographic and other visualization techniques, we demonstrated the
anomalous drainage of the pulmonary veins of right lung in six patients and of left lung in four pa-
tients. Evaluated seven patients were taken to outpatient follow up. Two of the three patients who
were recommended surgery, required surgical therapy, the other patient did not accept surgical
therapy and was taken to outpatient follow up.

Key Words: Pulmonary veins; echocardiography; heart defects, congenital;
brachiocephalic veins; ventricular dysfunction, right
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arsiyel pulmoner ven6z doniis anomalisi (PAPVD), bir yada daha

fazla pulmoner venin sag atriyuma direk yada indirek olarak superior

vena kava (SVC) yada inferior vena kava (IVC) ile anormal baglan-
masidir. Otopsi serilerinde konjenital kalp hastaliklarinin %0,4-0,7’sinde
saptanmistir. Sag pulmoner venlerin tutulumu daha fazladir ve siklikla sinus
venosus tip atriyal septal defekt (ASD) ile birliktedir. izole PAPVD nadir-
dir ve genellikle sag iist pulmoner venin SVC’ye drenaji saptanmaktadir.
Sol akcigerin innominate vene drenaji olduk¢a nadir olup vertikal ven ile in-
nominate vene drene olmaktadir.!
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PAPVD, sol sag sant yaratarak kardiyopulmo-
ner fizyoloji olumsuz etkilemektedir. Normal kisi-
lerde her pulmoner ven total pulmoner kan
akiminin %25’ini saglamaktadir. Ancak anormal
pulmoner vendz dontiste, sant akimi daha fazla ol-
makta ve dolagim sag kalbe daha fazla yonlenmek-
tedir. Bir¢ok faktoriin etkisiyle, PAPVD olan bazi
hastalarda, sag tarafli hacim yiikii pulmoner arte-
riyal hipertansiyon (PAH) gelisimine ve sag kalp
yetmezligine yol acabilmektedir.>?

PAPVD ilk olarak Dotter ve ark. tarafindan
kardiyak kateterizasyon esnasinda 1949’da saptan-
mistir. PAPVD giliniimiizde daha yeni tanisal mo-
daliteler ile ortaya konulmaktadir. Transtorasik
ekokardiyografi (TTE) ilk degerlendirmede kulla-
nilirken, transozefageal ekokardiyografi (TEE), bil-
gisayarli tomografi (BT) anjiyografi, manyetik
rezonans (MR), kateterizasyon ile pulmoner venoz
anjiyografi kullanilabilecek diger tetkikler ara-
sinda yer almaktadir.3 TTE ile kalp bogluklar1 nor-
mal sinirlarda saptanan hastalarda kolayca gézden
kacabilecegi gibi hafif sag ventrikiil dilatasyonu
olan hastalarda da bu anomali bazen teshis edile-
meyebilir.* Merkezimizde bu kadar nadir goriilen
ve gozden kagirildiginda klinik olarak 6nemli ola-
bilecek olan bu anomali TTE ile biiyiik oranda sap-
tanmis ve ileri degerlendirmenin gerektigi
durumlarda diger goériintiileme yontemleri ile dog-
rulanmagtar.

Calismaya katilan hastalardan bilgilendirilmig
onam alinmigtir.

OLGU SUNUMLARI

OLGU 1

16 yasinda erkek hasta gogiis agris1 nedeniyle bas-
vurdu. Fizik muayene ve elektrokardiyografi (EKG)
incelemesi normaldi. Telekardiyografi (TELE) de
asendan aorta lokalizasyonuna uyan bolgede gorii-
len opasite gosteren keskin hat dikkat ¢ekiciydi
(Resim 1A). Transtorasik ekokardiyografi (TTE)’de
apikal incelemelerde sol alt pulmoner venin gorii-
lemedigi (Resim 1B) ve suprasternal bakida devaml
dalga (CW) Doppler ile sol alt pulmoner venin ver-
tikal vendeki artmig kan akima ile birlikte innomi-
nate vene agildig1 goriildi (Resim 1C). TTE de sag
kalp bosluklarinin normal genislikte olmasi ve pul-
moner akim hizinin normal olmas: nedeniyle po-
liklinik izlemine alindi.

OLGU 2

10 yasinda erkek hasta poliklinige nefes darlig sika-
yetiyle bagvurdu (Tablo 1). Fizik muayenesinde me-
zokardiyak odakta 1/6 sistolik iiflirtim duyuldu. Diger
fizik muayene bulgular1, TELE ve EKG incelemesi
normaldi. TTE ile apikal gortintiilemelerde sag kalp
bosluklarinin hafif genis oldugu, sol iist pulmoner
venin gorillemedigi (Resim 2A), suprasternal kisa
eksen degerlendirmede CW Doppler ile sol {ist pul-
moner venin vertikal ven aracilig1 ile innominate
vene agildig: goriildii. Eslik eden ek kardiyak anoma-
linin varligini degerlendirmek i¢in hastaya toraks BT
anjiyografi yapild: ve sol iist pulmoner venin vertikal
ven ile sol innominate vene dokiildiigii dogrulandi

RESIM 1: a) Sol alt pulmoner ven anomalisi olan hastadaki vertikal ven imaji. b) TTE ile apikal 5 bosluk gériinttide sol alt pulmoner ven gériinmemektedir. c)
Sol alt pulmoner ven anomalisi olan hastada suprasternal kisa eksende artmis vertikal ven akimi ve artmig SVC kan akimi gériinmektedir.
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RESIM 2: a) TTE'de apikal 5 bosluk gértintiide sol dist pulmoner venin gériilimeyisi. b) Konstrastli toraks BT anjiyografi ile sol st pulmoner ven anomalisi olan
hastada vertikal ven gérunttisu. €) Sol st pulmoner ven anomalisi olan hastada katater anjiyografi ile vertikal venin gésterilmesi.

(Resim 2B). Sag kalp bosluklar hafif dilate oldugun-
dan, pulmoner ve sistemik akimlar oranini hesapla-
mak icin kalp kateterizasyonu yapildi ve anormal
parsiyel pulmoner ven6z doniisiin vertikal ven ara-
cilig: ile sol innominate vene dokiildiigii (Resim 2C)
ve pulmoner/sistemik akimlar oraninin (Qp/Qs) 1,23
oldugu ve pulmoner arter (PA) basincinin 12/5/7
mmHg oldugu saptandi. Hasta ayaktan izleme alinda.

OLGU 3

39 yasinda bayan hasta carpinti, nefes darlig,
cabuk yoruma, halsizik nedeniyle bagvurdu. Fizik
muayenede pulmoner ve mezokardiyak odakta 2/6
sistolik iifiiriim duyuldu. TELE ve EKG bulgularn
normal olan hastanin TTE’sinde sag kalp bosluklar1
hafif dilate izlendi. Bununla birlikte apikal dort
bosluk pozisyonunda sol iist pulmoner ven goriile-
meyip suprasternal kisa eksen bakida CW renkli
Doppler ile SVC’nin alt ucuna dokiildiigi gorildi.
Hastanin semptomatik olmasi nedeniyle hemodi-
namik degerlendirmenin yapilmasi amaciyla kalp
kateterizasyonu yapildi ve hastada sol st pulmo-
ner venin vertikal ven aracihigiyla SVCye dokiil-
diigii goriildi. PA basinc 32/21/25 mmHg saptandi.
Qp/Qs: 2 olmas: iizerine hasta opere edildi ve sol
ist pulmoner ven sol atriyum appandajina anasto-
moz edildi. Hastanin izleminde sikayetlerinin azal-
di1g1 ve zamanla tamamen geriledigi goriildii.

OLGU 4

11 yaginda kiz hasta tiftiriim nedeniyle degerlendi-
rildi. Fizik muayenede mezokardiyak odakta 1/6
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kisa sistolik ifiirim duyuldu. EKG ve TELE ince-
lemesi normal olan hastanin TTE’sinde sag kalp
bosluklarinin hafif dilate oldugu ve suprasternal in-
celemede CW Doppler ile innominate vene agilan
vertikal ven goriildii. Hastaya ek kardiyak anomali
varlig1 agisindan ¢ekilen kontrasth toraks BT anji-
yografide sol tist pulmoner venin vertikal ven yo-
luyla innominate vene doktldigi ve ek kardiyak
anomali olmadig1 goriildii. Sag kalp bosluklarinin
hafif dilate olmas1 nedeniyle akimlar oraninin he-
saplanmas1 ve taniy1 kesinlestimek amaciyla yapi-
lan kalp kateterizasyonunda PA basinci118/10/13
mmHg, Qp/Qs: 1.2 saptanmast tizerine hastaya po-
liklinik izlemi 6nerildi.

OLGU 5

5 yasinda erkek hasta gogiis agrisi, nefes darlig: ne-
deniyle tarafimiza bagvurdu. Fizik muayenede pul-
moner odakta 1/6 kisa sistolik ifiiriim duyulan has-
tanin TELE ve EKG incelemesi normal sinirlar-
daydi. TTE’de apikal goriintiilemede sag kalp bos-
luklar1 normalin st sinirda olan, apikal ve
suprasternal goriintiilemelerde sag iist pulmoner
venin goriillemedigi, bikaval goriintiillemede ise sag
{ist pulmoner venin [VC'nin sag atriyuma (RA) ag1-
lis lokalizasyonuna drene oldugu goriildii. Hastada
eslik eden kardiyak anomalinin varlig1 agisindan ve
taniy1 kesinlestirmek amaciyla ¢ekilen kontrasth
toraks BT anjiyografi goriintiilemelerde de sag iist
lobu drene eden venlerin IVC-RA bileskesine
drene oldugu goriildii. Ayrica sag iist lobdan gelen
genis kalibrasyonlu ven6z yapinin ektopik olarak
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azygoz vene drene oldugu goriildii. Sag alt lob pos-
terobazalden gelen 2,3 mm ¢apinda tek pulmoner
venin dogrudan [VC’ye drene oldugu goriildii. He-
modinamik degerlendirme yapilmas1 amaciyla uy-
gulanan kalp kateterizasyonunda PA basinc
22/9/14 mmHg, Qp/Qs: 1,2 olarak hesapland. Has-
tada ayaktan izlem karar1 alindi.

OLGU 6

15 yaginda erkek hasta aralikli igne batar gibi olan
gogiis agris1 nedeniyle tarafimiza bagvurdu. Fizik
muayenede iifiirim duyulmayan hastanin TELE ve
EKG incelemesi normal sinirlardaydi. TTE de sag
kalp bosluklar1 normal genislikte olan hastanin api-
kal ve suprasternal goriintillemelerde sag iist pul-
moner ven net olarak goriillemedi suprasternal
gortintiilemede sag iist pumoner venin vertikal ven
araciligiyla innominate vene drene oldugu goriildi.
Hastada ayaktan izlem karar: alindi.

OLGU 7

12 yasinda kiz hastanin hicbir sikayeti olmayip
rutin kontrol amach poliklinige bagvurdu. Fizik
muayene, TELE ve EKG incelemesi normal sinir-
lardaydi. TTE de sag kalp bosluklar1 normal genis-
likte olan hastanin suprasternal gériintiillemelerde
sag list pulmoner venin sol atriyuma agilis1 net ola-
rak gortilemedi. Suprasternal goriintiilemede sag
iist pumoner venin vertikal ven araciligiyla inno-
minate vene drene oldugu goriildii. Hastada ayak-
tan izlem karari alindi.

OLGU 8

9 yagsinda erkek hasta, yorulma ve gogiis agrisi ne-
deniyle tarafimiza bagvurdu. Fizik muayene, TELE
ve EKG incelemesi normal sinirlardaydi. TTE de
sag kalp bosluklar1 normal genislikte olan hastanin
suprasternal goriintiillemelerde sag iist pulmoner
venin sag atriyuma agilig1 goriilemeyip, vertikal ven
araciligiyla innominate vene drene oldugu goriildi.
Yorulmasi ve gogiis agris1 kardiyak olmayan ne-
denlerle iligkilendirilen hasta poliklinik izlemine
alind.

OLGU 9

48 yasinda kadin hasta, eforla gogiis agris: ve nefes
darlig, carpint: sikayetleriyle bagvurdu.

140

Fizik muayenenesinde mezokardiyak ve pul-
moner odakta 1/6 sistolik #ifiiriim duyulan hastanin
TELE’sinde pulmoner konutsa hafif belirgin-
lesme mevcuttu. EKG incelemesinde sag aks ve in-
komplet sag dal blogu mevcuttu. TTE de sag kalp
bosluklarinda hafif dilatasyon mevcuttu. Sag pul-
moner venlerin sol atriyumla iligkisi izlenmedi.
Subkostal degerlendirmede sag pulmoner venlerin
[VCye dokiildiigii izlendi. IVC bu bolgede dilate iz-
lendi. Pulmoner ven6z dontis anomalisi 6n tanist ile
daha ayrintili degerlendirme saglamak i¢in uygula-
nan TEEde sag pulmoner venlerin sol atriyuma agi-
lim1 izlenmedi. Yapilan BT anjiyografide ge¢ faz
cekimlerde sag pulmoner venlerin IVC’ye dokiil-
diigii gorildi. Hastaya PAPVD 6n tanisi ile taniy1
dogrulamak, hemodinamik degerlendirme yapmak
amaciyla kateter anjiyografi yapildi. Kateter anjiyo-
grafide PA basinc1 30/19/24 mmHg, aort basinci
135/80/100 mmHg, Qp/Qs: 1,5 saptandi1. Sag ve sol
pulmoner arterlere yapilan enjeksiyonlarda sag ve
sol PA dallarinin doldugu, donis fazinda sag pul-
moner venlerin birleserek IVC’ye acildigi ve IVC
araciligiyla RA’y1 doldurdugu izlendi (Resim 3A).
[VC’den kateter ile anormal pulmoner venéz yaprya
girilerek elle yapilan kontrast madde enjeksiyo-
nunda kontrast maddenin IVC’ye ve RA’ya gectigi
izlendi (Resim 3B). Sol pulmoner venlerin ise sol at-
riyuma agildigi izlendi. Hasta opere edildi. Operas-
yon ile sag pulmoner ven sol atriyuma anastomoz
edildi. Ayaktan takipte semptomlarin ve sag kalp
bosluklarindaki dilatasyonun geriledigi izlendi.

OLGU 10

27 yasinda erkek hasta, rutin kontrolde akciger gra-
fisinde stipheli bir gériiniim nedeniyle erigkin kar-
diyoloji boliimii tarafindan PAPVD 6n tanis: ile
poliklinige yonlendirildi. Hastanin bagvurusunda
sikayeti yoktu. Fizik muayenesinde pulmoner
odakta 1/6 sistolik iifiirtim duyulan hastanin TE-
LE’sinde pulmoner konusta hafif belirginlesme
mevcuttu. EKG’sinde 6zellik olmayan hastanin
TTE de kalp bogluklar: hafif dilate olarak saptands.
TEE’de RA i¢inde SVC komsulugunda vendz doniis
anomalisi olarak disiiniilen yap: izlendi. Taniy1
desteklemek amaciyla yapilan BT anjiyografide sag
akciger {ist lob venlerinin birleserek IVC’nin sup-
rahepatik segmentine drenaj1 saptandi. Sag akciger

Pediatr Heart ] 2015;2(3)



IZOLE PARSIYEL PULMONER VENOZ DONUS ANOMALISI OLAN HASTALARIN DEGERLENDIRILMESI

Ajda Mutlu MTHGIOGLU ve ark.

RESIM 3: a) Sag pulmoner arter enjeksiyonu déniis fazinda, sa§ pulmoner venler birleserek iVC'ye acimaktadir. b) inferior vena kavadan anormal pulmoner
vendz yaplya girilerek elle yapilan kontrast madde enjeksiyonunda, kontrast maddenin iVC'ye ve IVC'den sag atriuma gecisi izlenmektedir.

alt lobunun posterior ve superior segmentleri di-
sindaki diger segmentleri agenetik saptandi. Sag ak-
ciger orta lob medial segmentinin orta hattin
soluna gectigi saptandi. Bu segmentin venoz dre-
najinin sol inferior pulmoner vene drene oldugu
saptandi. Mevcut bulgularla hastada PAPVD 6n ta-
nist ile tanisal ve hemodinamik degerlendirme
amaciyla kateter anjiyografi yapildi. Kateter anji-
yografide PA basinci 28/15/20 mmHg, Qp/Qs: 1.45
saptandi. Selektif sag PA enjeksiyonunda, sag PA
dallanmasinin normal oldugu, doniis fazinda sag
pulmoner venlerin IVC aracilig ile sag atriyuma
acildig: gorildii (Resim 4). Selektif sol PA enjeksi-
yonunda, sol pulmoner arter dallanmasinin normal
oldugu, doniis fazinda sol pulmoner venlerin sol at-
riyuma acildig1 goriildi goriildii. Hastaya operas-
yon karar: alindi ancak hasta opere olmayi1 kabul
etmedi. Poliklinik takibine alinan hasta, poliklinik
kontrollerine devam etmedi.

I TARTISMA

Konjenital hastaliklarin eslik etmedigi izole PAPVD
rutin degerlendirmede genellikle gézden kagabil-
mektedir. Literatiirde ASD kapatilan, PAPVD’nin
eslik ettigi vakalarin oldugu belirtilmistir.>>¢ Bu va-
kalarda uzun siire artmig pulmoner kan akimi PAH
gelisimine yol agabilir.>” PAPVD’da PAH gelisimi ge-
nellikle ASD gibi ek anomalilerin varhig: ile iligkilidir.
Anormal pulmoner ven baglantilarinin sayis: ve pul-
moner vaskiiler yatagin durumu da tabloyu etkile-
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RESIM 4: Selektif sa§ pulmoner arter enjeksiyonunun doniis fazinda sag
pulmoner venler IVC aracilii ile sag atriuma agiimaktadir.

mektedir. Uzun siire yiiksek akim ve basing vaskiiler
yatakta endoteliyal hasara neden olmaktadir. Endo-
teliyal bariyer fonksiyonlarinin kaybi ve vazoaktif
mediatorlerin dengesizligi, inflamasyon, tromboz,
hiicre proliferasyonu, apoptoz ve fibroz, pulmoner
vaskiiler remodelling ile sonuglanarak irreversible
PAH ve sag kalp yetmezligi ile sonuglanmaktadir.?

Literatiirde en stk PAPVD tipi sag tarafli pul-
moner venlerin SVC’ye veya RA’ya drene oldugu
tiptir.! Alsoufi ve ark. PAPVD’l1 hastalarin %91’inde
sag tarafli, %7’sinde sol tarafli ve %2’sinde bilateral
anormal pulmoner venler saptamiglardir.>® Klinigi-
mizdeki on olgu degerlendirildiginde literatiirde
ASD ile birlikte olan vakalarda en sik goriilen sag tist
pulmoner venin SVC’ye drenaji bizdeki izole parsi-
yel pulmoner venoz déniis anomalisi olan on olgu-
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nun {iciinde goriildi. Ug olguda da sag pulmoner
venlerin [VC’ye drene oldugu goriildii. Boylece sag
akcigerden anormal pulmoner ven6z doniis, on ol-
gunun altisinda (%60) goriildii. Daha nadir olan sol
akcigerden anormal pulmoner venéz doniis olgular
kalan dort olguda (%40) innominate vene dogru go-
riilldii. Hastalarimizin yedisinde sadece bir venin, ti¢
hastada birden fazla venin anormal doéniisi izlendi.

PAPVD olan hastalar en sik dispne, tfiirtim,
aritmi nedeniyle bagvurabilmektedirler.> Caligma-
mizda yedi hasta gogiis agrisi, nefes darlig: ve hal-
sizlik nedeniyle degerlendirildi. Diger ii¢ hastanin
sikayetleri olmayip bir hasta #ifiiriim nedeniyle,
diger hasta rutin kontrol i¢in basvurusunda, diger
hasta da akciger grafisinde siipheli goriiniim olmas:
nedeniyle degerlendirildiler.

PAPVD’y1 degerlendirmede transtorasik eko-
kardiyografi en iyi baslangic modalitesidir. TTE ile
sag kalp bosluklar1 olan RA ve sag ventrikiil (RV)
dilatasyonu saptanir. Interventrikiiler septumda
diizlesme, sistolde ve diyastolde RV basing yiikii ile
artmis PA basinci ve interatriyal baglantinin var-
1181 yada yoklugu renkli Doppler veya kontrast ¢a-
lismasinda degerlendirilir. Wong ve ark.nin
yaptiklar: izole PAPVD olan 50 ¢ocuktan olusan
bir ¢aligmada hastalarin %96’sinda RV dilatasyonu
saptanmig.’ RV dilatasyonu yaygin olarak goriile-
bilse de RV yetmezligi ve PAH daha nadir saptan-
maktadir. 210

besinde RV dilatasyonu ve bir hastada yasina gore

Bizim c¢alismamizda hastalarin

st sinirda ¢aplar mevcuttu.

TTE’de suprasternal, subkostal, sag parasternal
acilar PAPVD tanisinda énemli.* Ozellikle supras-
ternal gorlintiiniin yarar1 Bansal ve ark. tarafindan
200 erigkin hastada sosterilmis.!! Calismamizda has-
talarimizin yedisinde suprasternal goriintiileme ile
vertikal ven ve vertikal venin innominate vene ve
SVC’ye drenaji izlendi. Hastalarin ikisinde subkostal
degerlendirmede IVC'’ye drenaj saptand1. Ekokardi-
yografi ile ayiric1 tanida persistan sol SVC, koroner
sinus obstriiksiyonu, dilate aksesuar hemiazigoz ven,
genislemis sol superior interkostal ven akla gelmeli-
dir."? Ayrica RV dilatasyonu yapabilecek sinus ve-
nosus defekt, ostium primum yada sekundum ASD
yada aritmojenik sag ventrikiil displazisi gibi kardi-
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yak hastaliklar akilda tutulmalidir.”® TTEnin pul-
moner venleri tam olarak degerlendirmede yetersiz
oldugu durumlarda, TEE PAPVD varligini dogrula-
mada 6ne ¢ikmaktadir. Telekardiyografi, genellikle
normal saptanmaktadir ancak sol sag santin sekon-
der bulgulan olan kardiyomegali, pulmoner vaskii-
ler ¢ikinti1 ve PAH bulgulan goriilebilmektedir.
Direkt grafide sol iist lobda pulmoner venleri temsil
eden tubuler opasiteler goriilebilir.'? BT, kardiyo-
pulmoner anatomiyi pulmoner venoz drenaji da ige-
recek sekilde dogru degerlendirilmeyi saglar. MR,
anormal pulmoner baglantilar1 gosterirken nonin-
vaziv olarak Qp/Qs degerlendirilmesinde kullani-
lir.!? Radyasyon giivenligi ile birlikte degerlen-
dirildiginde ektrakardiyak santlar1 degerlendirmde
6n planda tercih edilmektedir.! Kateter anjiyografi,
taniy1 kesinlestirmede, hemodinamik degerlendir-
mede kullanilmaktadir.Literatiirde izole PAPVD
olan olgularda Babb ve Saalouke kateterizasyon ile
yiiksek PA basinci saptamiglar ve oksimetri ¢aligma-

lar1 ile de bulgularini desteklemislerdir.>™

Hastalarimizdan onuncu olguda akciger grafi-
sinde pulmoner konusta hafif belirginlesme nede-
niyle ileri degerlendirme yapilmistir. Diger dokuz
hastamizda tanidan TTE ile siiphe edilmistir. Bu
hastalardan birinde de direkt grafide anormal vas-
kiiler yapiy diisiindiirecek tiibiiler opasite mevcut-
tur. Dokuz hastada taniy: desteklemek icin sadece
birinde TEE ve aymi hastaya BT yapilmis ve diger
iki hastaya ise sadece BT anjiyografi yapilmistir. Bu
ii¢ hasta ayrica hemodinamik yonden kateterizas-
yon ile de degerlendirilmislerdir. Sadece TTE ile de-
gerlendirilen diger alt1 hastanin ise dérdiinde tani
konularak, ileri degerlendirme yapilmadan izlem
karar1 alinmigtir. Diger iki hasta ise hemodinamik
yonden ile degerlendirilmislerdir. G6giis rontge-
ninden siiphe edilmis olan ve ileri degerlendirmeye
alinan onuncu hastada TTE ile sag kalbe olan hacim
ve basing yiikiiniin indirek bulgularinin saptanmasi
iizerine ve TTE ile ayrintili degerlendirmenin net
olarak yapilamadigindan TEE, BT anjiyografi ve ka-
teterizasyon ile ileri degerlendirme yapilmistir. Ka-
teterizasyon yapilan olgularda PAPVD gosterilmis,
basing 6l¢limleri ve oksimetri galigmalar ile bulgu-
lar desteklenmistir. Hicbir olgumuzun degerlendi-
rilmesinde MR kullanilmamustir.
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Izole PAPVD tek vende ise genellikle diizelt-
meye ihtiya¢ duyulmaz. Ancak eger sag kalp bos-
luklar1 genislemisse yada birden fazla pulmoner
venin sistemik dolagima katilma durumu mevcutsa
o zaman diizeltme gerekebilmektedir.®> Asempto-
matik ve RV dilatasyonu olmayan Qp/Qs <1,5 olan
olgularda izlem 6nerilmektedir.” Majdalany ve ark.
kirkii¢ izole PAPVD hastasinda yirmibes yillik de-
neyimlerini aktarmiglardir.” Bu hastalarin yirmi-
sekizinde RV yiiklenmesi saptanmis ve diizeltici
cerrahi uygulanmis. RV yiiklenmesi olmayan onbeg
hastanin sekizinde PAH mevcutmus.? Caligma-
mizda ise hastalarimizdan opere olan tigiincii ol-
guda ortalama PA basinci 25 mmHg olan alt sinirda
PAH mevcuttu. Opere olan dokuzuncu olgumuzda
ortalama PA basinci 24 mmHg idi. Opere olan her
iki olgumuzun da sag kalp bosluklarinda dilatasyon
mevcuttu. Olgularin Qp/Qs degerleri sirasiyla 2 ve
1.5 saptanmustu.

Cerrahi diizeltmede, sol list pulmoner venin
sol innominate vene drene oldugu olgularda sol st
pulmoner ven sol atriyum appandajina anastomoz
edilmektedir. SVC’ye olan sag tarafli PAPVD’da ise
genellikle cerrahi olarak olusturulan ASD yada var
olan ASD ile sol atriyuma baglant1 gerceklestiril-
mektedir.* Hastalarimizdan ikinci olguda sol st
pulmoner ven sol atriyum appandajina, dokuzuncu

olguda ise sag pulmoner ven sol atriyuma anasto-
moz edilmistir.

Cerrahi diizeltme sonrasinda atriyal fibrilas-
yon, atriyoventrikiiler tam blok, kardiyak arrest,
pulmoner venéz obstriiksiyon gibi komplikasyon-
lar olabilmektedir.'® Ancak Elbardissi ve ark. in-
traoperatif ekokardiyografiler ile anastomotik
gradyentlerin 6l¢timleriyle cerrahi olarak bagarili
sonuglar elde etmiglerdir.'” Ayrica bu diizeltmele-
rin cerrahi esnasinda pompa ile yapilabildigi gibi
pompasiz da yapilabildigini gostermislerdir.”” De-
gerlendirilen hastalarimizda cerrahi sonrasinda
herhangi bir komplikasyona rastlanmamistir.

I SONUG

PAPVD, ¢ok nadir goriilmesi ve kolay atlanabil-
mesi nedeniyle 6zellikle de sag kalp bosluklar: ge-
niglemis olan ve bu durumu aciklayacak ek
kardiyak anomalisi olmayan hastalarda akla gelme-
lidir.* Ozellikle de izole formu acisindan dikkatli
inceleme yapilmalidir. Merkezimizde oldugu gibi
bircok vakada TTE tek basina tanisal bilgiler sagla-
makta ve ileri degerlendirme gereksinimini orta-
dan kaldirmaktadir. {leri degerlendirme ve tedavi
yaklagimlarini planlamada diger goriintiileme se-
cenekleri kullanilmalidir.
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Right Ventricular Mass and
Multiple Pulmonary Artery Aneurysms
in a Child with Behcget's Disease:
Case Report

Behcet Hastalikl1 Bir Cocukta
Sag Ventrikiiler Kitle ve
Pulmoner Arter Anevrizmasi

ABSTRACT Behget’s disease is a chronic multisystemic inflammatory disorder characterized by
orogenital ulcerations, uveitis and occasional cardiac involvement. This report describes an atypi-
cal presentation of pediatric Behget’s disease with pulmonary aneurysms and a cardiac mass. A 16-
year-old boy presented with a 2-month history of weight loss, fever and a large tumor adhering to
the free wall of the right ventricle. Helical thoracic computed tomography (CT) angiography
demonstrated multiple pulmonary aneurysms. The discovery of an intracardiac mass in a young
patient must evoke the diagnosis of Behget's disease.

Key Words: Intracardiac mass; pulmonary artery aneurysm; Behget’s disease; childhood

OZET Behget Hastalig1 orogenital iilserasyonlar, {iveit, kardiyak tutulum ile karakterize multisis-
temik kronik inflamatuar bir hastaliktir. Bu raporda pulmoner anevrizma ve kardiyak kitle ile ati-
pik prezentasyon gosteren pediatrik Behget hastaligi tanimlandi. Onalt1 yaginda erkek hasta 2 aydan
beri devam eden kilo kayby, ates, sag ventrikiil serbest duvarinda tiimér goriiniimiinde genis bir
kitle ile bagvurdu. Helikal torasik BT anjiografide multipl pulmoner anevrizma gosterildi. Geng bir
hastada intrakardiyak kitle tanis1 konuldugunda Behcet Hastaligi tanis: agisindan dikkatli olun-
malidir.

Anahtar Kelimeler: intrakardiyak kitle; pulmoner arter anevrizmasi; Behget hastali; cocukluk cag
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ehcget’s disease (BD) is a multisystem vasculitic syndrome of un-

known etiology. Its clinical triad of aphtous ulcers, genital ulcers,

and ocular manifestations was originally described by the Turkish
dermatologist Hulusi Behget in 1937. It encompasses not only mucocuta-
neous, ocular and vascular manifestations but also musculoskeletal, neuro-
logic, pulmonary, gastrointestinal and genitourinary manifestations.! The
intracardiac masses include benign and malignant primary cardiac tumors,
metastatic tumors, thrombi, vegetations, iatrogenic material and normal
variants. The recognition of an inflammatory mass should prompt consid-
eration of BD prior to referral for invasive procedures. An attentive history
and physical exam looking for signs and symptoms of BD is critical before
considering surgical excision of unexplained intracardiac masses. Pulmonary
involvement in BD is rare, occurring in 7.7% of patients.? Pulmonary artery
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aneurysms, arterial and venous thrombosis, pul-
monary infarction, recurrent pneumonia, bronchi-
olitis obliterans, organized pneumonia and pleurisy
are the main features of pulmonary involvement in
BD.? Pulmonary artery aneurysms are unusual but
life-threatening because of their high tendency to
rupture and there is also a chance that the
aneurysms may completely resolve with medical
therapy.?

We present the clinical and radiological details
of a young BD patient with pulmonary artery
aneurysms. Pulmonary embolism and cardiac in-
volvement are rarely recognized complications of
BD in children. We describe an atypical presenta-
tion of pediatric BD with a large mass in the right
ventricle and pulmonic aneurysms.

I CASE REPORT

A 16-year-old boy was admitted for the investiga-
tion of a right ventricular mass, weight loss and
shortness of breath of recent onset. Transthoracic
echocardiography revealed a large mass adhering
to the free wall of the right ventricle measuring
3.5x4.5 cm (Figure 1). Cardiac MRI identified the
mass as a right ventricular myxoma. The patient
underwent surgical excision of the intracardiac
mass with a presumed diagnosis of myxoma or in-
tracardiac malignancy (Figure 2). Histopathology
of the mass described it as “an organizing throm-
bus with some infiltration of neutrophils”. Infec-
tive endocarditis was considered but the clinical
picture did not respond to appropriate treatment
for 15 days. C-reactive protein and erythrocyte sed-
imentation rate did not decrease significantly. Con-
trol echocardiography showed continued mass
image. On X-ray and CT scan of the chest, multiple
aneurysms of pulmonary arteries and pulmonary
veins with pulmonary embolism was noted (Figure
3-6 arrows). In view of the above findings and as-
sociated lesions, a diagnosis of BD was made.

I DISCUSSION

Behget’s disease is a chronic, systemic inflamma-
tory disease of unknown origin. The most impor-
tant histological feature is a widespread vasculitis

Pediatr Heart ] 2015;2(3)

FIGURE 1: Echocardiographic image of the right ventricular mass.

FIGURE 2: Intraoperative image of the right ventricular mass.

that affects vessels of all sizes. The pulmonary ar-
tery aneurysm, mostly seen in young men, is one of
the characteristic lesions of BD. It is reported in
1.5% of adults with BD.* The reported patient had
an unusual presentation of juvenile onset BD with
pulmonary aneurysm and a right ventricular mass
consistent with active endomyocarditis and throm-
bus. The diagnosis is difficult because there is no
laboratory proof. However, clinical features - such
as orogenital aphthae, ocular and skin lesions,
arthritis, and neurologic, gastrointestinal, vascular
and pulmonary symptoms are helpful for diagno-
sis. Miscellaneous cardiovascular manifestations,
such as pancarditis, acute myocardial infarction,
conduction system disturbances and valvular dis-
eases, have been reported but are rare. Echocar-
diographic imaging has been the traditional
modality utilized in the evaluation of intracardiac
masses. The features of the findings such as loca-
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FIGURE 3-6: Chest X-ray and CT scan showing multiple aneurysms of pulmonary arteries and pulmonary veins with pulmonary embolism.

tion, mobility, and homogeneity can help in the
differential diagnosis. Real time three-dimensional
echocardiography may offer incremental value as
well. Intracardiac thrombus, as seen in our patients,
is exceptional even among cardiovascular cases of
BD. Cardiac manifestations with BD may take the
form of pericarditis, endocarditis, myocarditis, my-
ocardial infarction, intracardiac thrombus, or en-
domyocardial fibrosis.> The echocardiographic
differential diagnosis would include other diseases
associated with endomyocardial fibrosis such as id-
iopathic hypereosinophilic syndrome, Churg-
Strauss syndrome, parasitic infection, carcinoid
tumor, or panarteritis nodosa.® A cardiac tumor
such as myxoma may have a similar appearance, in

146

which case surgical biopsy leads to the diagnosis.
We found prior reports of heart disease in patients
with BD. Intracardiac thrombus has been reported
in three cases with BD.” The other references re-
viewed in the literature listed another 16-year-old
patient with an intracardiac thrombus.® There have
been reports of BD in children presenting with em-
bolic events.’ Thus, it is important to consider non-
infective endocarditis in the differential diagnosis
of pulmonary emboli, particularly in the absence
of culture-positive vegetations or clotting disorders.

The underlying pathogenetic mechanism is in-
flammation of the vasa vasorum of the tunica
media, which causes destruction of the elastic
fibers of the media and dilatation of the vessel
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RIGHT VENTRICULAR MASS AND MULTIPLE PULMONARY ARTERY ANEURYSMS IN A CHILDREN...

Derya CIMEN et al.

lumen. The thickening of the vessel wall is caused
by inflammation and infiltration by lymphocytes,
plasma cells and neutrophils.* Thrombosis of the
pulmonary arteries in BD is usually in the form of
in situ thrombosis. Deep vein thrombosis is com-
mon in BD, while pulmonary embolism is rare, be-
cause the thrombi in the inflamed veins of the
lower extremities are strongly adherent.” This pa-
tient had no history of genital ulcers, erythema no-
dosum, uveitis, or retinal wvasculitis, and no
pathergy test to support the diagnosis. However,
pediatric patients often fail to meet the criteria for
juvenile BD due to its incomplete presentation. In

large cohorts, pediatric patients comprise only
7.7% of all the Behget cases.!?

Conventional chest radiography is commonly
used for initial assessment of pulmonary signs of
BD, for follow-up and for assessment of response
to therapy.” Hilar enlargement, mediastinal
widening or appearance of intraparenchymal
round opacities are signs of pulmonary artery
aneurysm.® The chest radiography of our patient
revealed a round hilar opacity on the right. Inva-
sive imaging techniques as well as aortography and
venography are not widely used because of com-
plications. Helical CT angiography is the most ap-
propriate diagnostic method because it provides
excellent vascular images with the contrast mate-
rial applied in small doses over a very short time

and thus may be used as an alternative to other im-
aging techniques."! We used helical CT angiogra-
phy for diagnosis and follow-up of the pulmonary
aneurysm in BD. Pulmonary artery aneurysm can
be fatal due to perforation to the adjacent
bronchus. Also, early treatment of the aneurysm
in BD is very important. Cases of BD with regres-
sion of pulmonary aneurysms after treatment with
corticosteroids and immunosuppressive agents
have been reported.?

Medical treatment is believed to decrease the
inflammation, even the vessel wall; however, the
exact mechanism of this regression is unknown. In
addition, male gender and age younger than 25
years may be risk factors for a severe clinical course
and systemic involvement and cardiac involvement
carries a long-term mortality rate as high as 20%.710

In conclusion, intracardiac thrombi may be
the presenting manifestation of BD, which should
always be considered in the differential diagnosis
of unexplained intracardiac masses. An attentive
medical history and physical exam looking for signs
and symptoms of BD is critical before considering
surgical excision and is routinely performed in our
hospital in young patients with unexplained in-
tracardiac masses. The discovery of an intracardiac
mass in a young patient must evoke the diagnosis of
cardiac thrombus and BD.

Hatemi G, Merkel PA, Hamuryudan V, Boers
M, Direskeneli H, Aydin SZ, et al. Outcome
measures used in clinical trials for Behget syn-
drome: a systematic review. J Rheumatol
2014;41(3):599-612.

Uzun O, Erkan L, Akpolat I, Findik S, Atici AG,
Akpolat T. Pulmonary involvement in Behcet's
disease. Respiration 2008;75(3):310-21.

Ketari S, Ben Dhaou B, Aydi Z, Boussema F,
Baili L, Rokbani L. Pulmonary aneurysms in Be-
hcet disease completely resolved after medical
therapy. Tunis Med 2013;91(12):735-6.

Uzun O, Akpolat T, Erkan L. Pulmonary vas-

culitis in Behget's disease: a cumulative analy-
sis. Chest 2005;127(6):2243-53.

Pediatr Heart ] 2015;2(3)

I REFERENCES

Khammar Z, Berrady R, Boukhrissa A, Lam-
chachti L, Amrani K, Rabhi S, et al. Intracar-
diac thrombosis in Behget disease: clinical
presentation and outcome of three cases. J
Mal Vasc 2011;36(4):270-3.

Leibowitz D, Korem M, Livovsky DM, Peleg H,
Chajek-Shaul T, Hiller N. Intracardiac Mass as
Initial Cardiac Manifestation of Behget's Dis-
ease: Think before You Cut. Echocardiogra-
phy 2014;13(8):1-3.

Louali FE, Tamdy A, Soufiani A, Oukerraj
L, Omari D, Bounjoum F, et al. Cardiac
thrombosis as a manifestation of Behcet
syndrome. Tex Heart Inst J 2010;37(5):568-
71.

10.

11.

Adams EE, Aluquin VP, Bingham CA, Stone
JR, Pauliks LB. Cardiac tumor in juvenile
onset Behget's disease: case report and re-
view of the literature. Pediatr Cardiol. 2010;
31(2):277-9.

Erkan F, Kiyan E, Tunaci A. Pulmonary com-
plications of Behget's disease. Clin Chest Med
2002;23(2):494-503.

Ozen S, Eroglu FK.Pediatric-onset Behget dis-

ease. Curr Opin Rheumatol 2013;25(5):636-
42.

Ceylan N, Bayraktaroglu S, Erturk SM, Savas
R, Alper H. Pulmonary and vascular manifes-

tations of Behcet disease: imaging findings.
AJR Am J Roentgenol 2010;194(2):158-64.

147



I OLGU SUNUMU CASE REPORTI

Anomalous Origin of the Left Coronary Artery
from the Pulmonary Artery (ALCAPA) Presenting

as Coronary-Cameral Fistula in an Infant:
Case Report

Infantta Koroner-Kamaral Fistiil Gibi Bulgu Veren

Pulmoner Arterden Anormal Cikan Sol Koroner Arter

Sevcan ERDEM,?

Isil YILDIRIM,

Ufuk Utku GULLU 2
Orhan Kemal SALIH,®
Nazan OZBARLAS?

Departments of

2Pediatric Cardiology,

¢Cardiovascular Surgery,

Gukurova University Faculty of Medicine,
®Department of Pediatric Cardiology,
Adana Numune Teaching and

Research Hospital,

Adana

Gelis Tarihi/Received: 16.12.2014
Kabul Tarihi/Accepted: 27.06.2015

Yazisma Adresi/Correspondence:
Sevcan ERDEM

Gukurova University Faculty of Medicine,
Department of Pediatric Cardiology,
Adana,

TURKIYE/TURKEY
hserdem@gmail.com

Copyright © 2015 by Tiirk Pediatrik Kardiyoloji ve
Kalp Cerrahisi Dernegi

148

ABSTRACT Anomalous origin of the left coronary artery from the pulmonary artery (ALCAPA) is
a rare entity that typically presents during infancy with heart failure. This report describes an
asymptomatic pediatric patient who presented with preserved left ventricular function and a con-
tinuous murmur and was initially misdiagnosed to have a coronary cameral fistula.

Key Words: Coronary artery disease; aorta-pulmonary artery fistula; child

OZET Pulmoner arterden anormal olarak ¢ikan sol koroner arteri bulunan hastalar tipik olarak
kalp yetersizligi bulgular ile bagvururlar. Burada normal sol ventrikiil fonksiyonu bulunan ve de-
vaml iiftirim duyulan, semptomu bulunmayan, baslangicta yanls olarak koroner-kamaral fistiil
tanisi alan bir hasta sunulmustur.

Anahtar Kelimeler: Koroner arter hastaligy; aort-pulmoner arter fistula; cocuk
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nomalous origin of the left coronary artery from the pulmonary ar-

tery (ALCAPA) is a rare entity accounting for 0.5% of congenital

heart defects.! Typically, patients with ALCAPA present in infancy
with heart failure resulting from reduced ventricular contraction and var-
ious degrees of mitral insufficiency caused by papillary muscle dysfunction
due to myocardial ischemia. Treatment usually includes surgical repair to
create a dual coronary artery system. We report a case of a 13-month-old
girl with preserved left ventricular function initially diagnosed to have a
coronary cameral fistula.

I CASE REPORT

A 13-month-old girl was referred to the pediatric cardiology clinic for eval-
uation of a cardiac murmur. Physical examination revealed a grade 2/6 con-
tinuous murmur at the left precordium and mild tachypnea. The history
was unremarkable. The patient’s weight and height were 7.8 kg (3-10 per-
centile for age) and 76 cm (75-90 percentile for age), respectively. The

Pediatr Heart ] 2015;2(3)
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FIGURE 1A: Parasternal short-axis showing a dilated right coronary artery
and a false image of a left coronary artery ostium and artery.

FIGURE 1B: Modified parasternal long axis view showing a dilated left ven-
tricle and mild mitral insufficiency. Papillary muscle echogenicity is not in-
creased.

chest X-ray showed mild cardiac enlargement.
Electrocardiogram was insignificant except for
sinus tachycardia (120/min). There were no q
waves in leads aVL and I or on the lateral chest
leads.

Transthoracic echocardiography revealed mild
mitral regurgitation, left ventricular dilatation (left
ventricular end-diastolic diameter 37 mm) and
normal left ventricular ejection fraction of 64% and
shortening fraction of 34%. Echocardiographic
evaluation in the short axis view revealed a dilated
and tortuous right coronary artery with turbulent
color Doppler flow (Figure 1A and 1B). Further
evaluation revealed two different accelerated flow
patterns from the right ventricular free wall to-
wards the right ventricular cavity. The patient was
initially diagnosed with a right coronary artery to
right ventricular coronary-cameral fistula. To eval-
uate the coronary artery anatomy further, the pa-
tient underwent diagnostic cardiac catheterization.

Pediatr Heart ] 2015;2(3)

On cardiac catheterization, the ostium of the
left coronary artery could not be located in any of
the sinuses of Valsalva. Coronary angiography
demonstrated a dilated right coronary artery with
retrograde filling of the left coronary artery system,
which subsequently drained into the main pul-
monary artery (Figure 2A and 2B). Surgical correc-
tion was advised and Takeuchi surgical repair to
restore antegrade flow from the ascending aorta
into the left coronary artery was planned.

FIGURE 2A: Left anterior oblique view of the aortic root showing single coro-
nary artery ostium.

FIGURE 1B: Anteroposterior view with caudal angulation of the right coronary
artery injection showing contrast flowing antegrade in a dilated RCA, then
retrograde in the LCA emptying into the main pulmonary artery.

149



Sevcan ERDEM et al.

ANOMALOUS ORIGIN OF THE LEFT CORONARY ARTERY FROM THE PULMONARY ARTERY...

I DISCUSSION

Coronary artery anomalies are rare in children. AL-
CAPA with preserved left ventricular function is
even more exceptional. The embryologic origin of
ALCAPA is thought to be either malrotation of the
spiral septum dividing the truncus or malposition-
ing of the coronary buds that appear around the
6th-7th week of gestation (Carnegie stages 17-18).2

The clinical presentation of ALCAPA is de-
pendent upon the direction of blood flow in the
coronary artery and the amount of oxygen deliv-
ered to the myocardium. Systemic and pulmonary
pressures are equal in utero, which allows ante-
grade flow in both the right and left coronary ar-
teries, preserving myocardial perfusion. In the
early neonatal period, blood continues to flow from
the pulmonary artery to the LCA since pulmonary
vascular resistance is high. Although the left ven-
tricle is perfused with desaturated blood, the per-
fusion pressure is adequate and the blood supply is
sufficient to meet the metabolic demands of the
myocardium. Over the first month of life, pul-
monary vascular resistance gradually declines
which causes the left ventricle to be perfused with
desaturated blood at low pressures. If sufficient col-
lateralization between the two coronary arteries is
not formed, ischemia and infarction of the antero-
lateral left ventricular free wall is inevitable. On-
going ischemia stimulates the development of
collateral circulations between the two coronary
artery systems. Collateral formation results in per-
fusion of the LCA through the RCA; however, due
to the vast difference between the pressures of the
aorta and the pulmonary artery, it may cause steal
phenomenon and result in global myocardial is-
chemia. These patients usually present within the
first 3 months of life with severe congestive heart
failure and decreased left ventricular function. Ac-
cordingly, these patients are said to have “infantile
type” ALCAPA and 90% of such children die
within the first year of life if left untreated.®* The
“adult type” ALCAPA is seen in about 10-15% of
patients and is thought to be caused by extensive
collateralization between the two coronary artery
systems, which preserves myocardial perfusion and
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function even in the face of a steal phenomenon.'?
Also, stenosis at the origin of the anomalous artery
from the pulmonary trunk can also be protective,
limiting the degree of the “coronary steal” and the
forward flow of desaturated blood in early infancy.’

The treatment of ALCAPA is surgical and var-
ious surgical techniques are used to create a dual
coronary artery system. Different surgical ap-
proaches include the Takeuchi repair (creation of
an aortic to pulmonary artery window and an
intra-pulmonary artery baffle to establish continu-
ity between the aortic root and the anomalous left
coronary artery), left coronary artery transfer,
coronary artery bypass grafting and subclavian-left
coronary artery anastomosis.®’ Surgery should not
be delayed even in adult patients since malignant
arrhythmias leading to sudden cardiac death are
common in ALCAPA patients.>8

Diagnosis of ALCAPA requires a high index of
suspicion especially in patients with preserved car-
diac function. The coronary ostia and the proximal
coronary arteries are routinely examined during
echocardiographic evaluation; however, sometimes
the image obtained can be misleading, giving the
false impression of a coronary ostium and coronary
artery. Often, ALCAPA syndrome is suspected by
clinicians when the findings of transthoracic
echocardiography reveal a dilated right coronary
artery arising from the aorta, diastolic blood flow
from the inferior portion to the superior portion of
the interventricular septum, visualization of dias-
tolic blood flow from the left coronary artery into
the pulmonary artery, and mitral regurgitation.’
However, these findings also comply with the pos-
sibility of Kawasaki disease or arteriovenous fistula
because they share similar echocardiographic find-
ings such as a dilated right coronary artery, in-
tramyocardial dilated coronary artery or shunting,
which may confuse echocardiologists such as us.

In patients presenting with decreased left ven-
tricular function and a dilated RCA, an increased
RCA to aorta proportion is thought to be helpful in
diagnosing ALCAPA.'*'? Although left ventricular
function was preserved in our patient, the afore-
mentioned ratio was significantly increased; how-
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ever, the presence of a continuous murmur and the
CW Doppler finding of a continuous flow pattern
towards the right ventricular cavity and the false
image of a coronary ostium in the aortic root mis-
led us into diagnosis of a coronary-cameral fistula.
The presence of abnormal retrograde flow in the
LCA should be confirmed by color Doppler echo.
Another echocardiographic clue that can help to
diagnose ALCAPA is increased echogenicity of the

left ventricular papillary muscle, which was not
present in our patient.'?

Given the findings of our patient, we feel the
need to emphasize to include the possibility of AL-
CAPA with preserved left ventricular function in
the differential diagnosis of coronary artery fistu-
lae. When noninvasive evaluation is inconclusive,
catheterization should be performed for definitive
diagnosis.
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Implantable Cardioverter Defibrillator (ICD)
Yerlestirilmesi Sonras1 T Dalga

Yanlis Algilamasina (T Wave Oversensing’e) Bagl

Uygunsuz Sok: Iki Olgu

Inappropriate Shocks Associated with
T-Wave Oversensing After Implantable Cardioverter
Defibrillator (ICD) Implantation: Two Cases

OZET Implantable cardioverter defibrillator (ICD) tedavisi ani 6liimiin 6nlenmesinde kalitimsal
ya da kazanilmis kardiyomiyopati ya da kanalopatisi olan olgularda tedavinin késetasidir. ICD im-
plantasyonu tedavinin 6nemli bir par¢as: olmakla birlikte bu hastalar hayat kalitesini olumsuz et-
kileyen uygunsuz ICD soku riski ile kars1 karsiyadirlar. Uygunsuz soklarin en 6nemli sebeplerinden
biri de T wave oversensing'dir. Bu yazida uzun QT sendromu ve hipertrofik kardiyomiyopati ta-
nistyla takip edilen ve ICD implantasyonu yapilan ancak ICD implantasyonu sonras1 T wave over-
sensing’e bagli uygunsuz ICD soklarina maruz kalan iki olgu sunuldu.

Anahtar Kelimeler: ICD; T wave oversensing

ABSTRACT ICD implantation has become a cornerstone of therapy to prevent sudden death for
many patient groups, including those with inherited or acquired cardiomyopathies and chan-
nelopathies. However, patients with an implanted ICD are at an increased risk of inappropriate ICD
therapies and these inappropriate therapies are associated with impaired quality of life. T-wave over-
sensing remains the most frequent cause of inappropriate ICD therapies. This report 1s about two pa-
tient who had ICD implantation diagnosed with hypertrophic cardiomyopathy and long QT syndrome
and then they have been exposed to inappropriate therapies because of T wave oversensing.

Key Words: ICD; T wave oversensing
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mplantable cardioverter defibrillator (ICD) tedavisi ani 6limiin 6nlen-

mesinde kalitimsal yada kazanilmig kardiyomiyopati yada kanalopatisi

olan olgularda tedavinin késetasidir. ICD tedavisi ilk uygulandig: za-
manlarda dokiimante ventrikiiler tasikardi (VT) ya da ventrikiiler fibrilas-
yonu (VF) olan olgularda uygulandig: halde (sekonder profilaksi) artik
aritmiye bagh ani 6liim riski olan genis bir populasyonda uygulanmaktadir
(primer profilaksi).! ICD implantasyonu tedavinin 6nemli bir parcasi olma-
styla birlikte uygunsuz sok verme, prosediiral komplikasyonlar, enfeksiyon,
proaritmik potansiyel gibi komplikasyonlara sahiptir.>® Hastanin hayat ka-
litesini etkileyen unsurlarin basinda uygunsuz soklar gelir. Bu nedenle uy-
gunsuz sok vermeyi azaltamaya yonelik programlama ile ilgili ¢caligmalar
artmistir. Uygunsuz soklarin en sik sebepleri; supraventrikiiler tasikardi
(SVT), intrakardiyak oversensing, lead fraktiirii ve diger ekstra kardiyak gii-
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riltilerdir.*® Bu yazida uzun QT sendromu ve hi-
pertrofik kardiyomiyopati tanisiyla takip edilen ve
ICD implantasyonu yapilan ancak ICD implantas-
yonu sonras1 T wave oversensing’e bagli uygunsuz
ICD soklarina maruz kalan iki olgu sunuldu.

I OLGU SUNUMU

Birinci olgumuz, igerisinde genetik olarak tanisi ke-
sinlesmis Brugada sendromu ve uzun QT sendromu
tanisi barindiran bir ailede yapilan tarama sonucu
saptadigimiz 7,5 yasinda kiz olgu idi. Herhangi bir
yakinmasi olmayan hastanin EKG incelemesinde
(Sekil 1) QTc 494 msn olup holter degerlendirme-
sinde QTc 550-560 msn saptandi. Kardiyak Na ka-
nallarim kodlayan genlerdeki (SCN5A) mutasyonlar
uzun QT sendromu tip 3, Brugada sendromu ve ileti
anormalliklerini kapsayan bir grup aritmiye sebep
olur. Ayni iyon kanalindaki mutasyonlar olmasina
ragmen ayr1 klinik ve fenotipik 6zelliklere yol acar.
Bu durum overlap sendromu olarak bilinir.® Bu sen-
dromun oldugu ailede hastanin anneannesinde ve
annesinde de uzun QT sendromu olup ayni genetik
mutasyonu vardi. Aile agacinda ¢ok sayida ani 6liim
oykiileri olan hastanin yapilan molekiiler genetik

caligmasinda SCN5A geninde 4511.bazdan itibaren
9 bazda heterozigot delesyon goriilmiis olup bu de-
gisiklik 1505-1507 noktalarindaki 3 aminoasitin
kaybina yol agmaktayd: ve bu durum uzun QT sen-
dromu ile iligkiliydi.

Bunun iizerine hastaya ¢ift odacikli Maximo II
DR (Medtronic Inc., Minneapolis, MN, USA) ICD,
epikardiyal olarak implante edildi. Baglangi¢ta ven-
trikiiler pacing threshold 0,5 V 0,5 msn de ayar-
landi. R wave 11,9 mV, empedans 1102 ohm
saptandi. Atrial threshold 1V 0,5 msn de, atrial pace
empedans 1121 ohm olup, p wave 3,6 mV saptandi.
RV defibrilasyon empedans 78 ohm olup defibri-
lasyon testi 15 joule ile bagarili oldu. Device VF te-

davi cut-off degeri 207 bpm idi. Detection ayar1
18/24 olarak ayarlanda.

ICD implantasyonunun yapildig: giin hastamiz
¢ok sik ICD sokuna maruz kaldi. ICD cihaz ince-
lemesinde bu soklarin T wave oversensing’e bagh
uygunsuz soklar oldugu anlagildi (Sekil 2). Once-
likle bir PAAC filmi cekilerek leadlerin yerinde ol-
dugu anlagildiktan sonra (Resim 1) ventrikiiler
sensitivite biraz azaltildi ancak T wave oversen-
sing’e bagl uygunsuz soklar1 devam eden olgunun
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SEKIL 1: Hastanin bazal EKG goriintiisi.
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SEKIL 2: Olgunun T wave oversensing’e bagi uygunsuz sok goriinimii.

cihazinin jeneratériiniin degistirilmesine karar ve-
rildi.

Ikinci olgumuz hipertrofik kardiyomiyopati
tanisi ile izlenen ve dig merkezde 10 yasinda iken
Biotronic marka ICD takilan su anda 20 yasinda
erkek olgu idi. ICD takildiktan 6 y1l sonra hastamiz
sok yemeye baslayinca incelenen ICD cihaz ince-
lemesinde soklarin yine T wave oversensing’e bagl
uygunsuz soklar oldugu goriildii. Bu hastanin da
ICD jeneratériiniin degistirilmesine karar verildi.

Sonrasinda her iki hastaya yine dual chamberli
farkli bir jeneratorii olan ve T wave oversensing
engelleme 6zelligi olan Medtronic Protecta DR
implante edildi. Her iki hastada da yeni jeneratorle
daha yiiksek sensitivite ayarlarinda bile T wave
oversense olmadi (Sekil 3) ve her iki hasta herhangi
bir uygunsuz soka maruz kalmadan taburcu edildi.

RESIM 1: Uygunsuz soklar sonrasi PAAC ile leadlerin yerinin kontrol
edilmesi.

SEKIL 3: Medtronic Protecta cihazi takildiktan sonra cihazin T wave oversensing'i tanimasi.
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ICD implantasyonu hayati risk tagiyan aritmisi olan
olgularda tedavinin 6nemli bir parcasi olmakla bir-
likte bu hastalar uygunsuz sok tehlikesi ile kars:
kargiyadirlar. Bu uygunsuz soklar psikolojik bo-
zukluklara, hayat kalitesinin diigmesine ve daha da
6nemlisi klinik sonuglarin olumsuz olmasina yol
acabilir.”'% Ayrica uygunsuz ICD soku ile kargilagan
olgularda mortalite riskinin artmis oldugunu gos-
teren c¢aligmalar mevcuttur.!'"13

Asil istenen hastanin giivenligini tehlikeye at-
madan hem uygun hem uygunsuz sok tedavisini
azaltmaktir. Bu da uygun medikal tedavi, gelismis
device programlamasi ve ablasyon stratejileri ile ya-
pilabilir. Beta bloker tedavisi hem supraventrikiiler
aritmileri hem ventrikiiler aritmileri azaltan dola-
yist ile sok say1isini azaltan uygun medikal tedavidir.

Yeni detection algoritmalarina ragmen primer
ya da sekonder profilaktik ICD takilan olgularin %2
si ilk y1l uygunsuz ICD soklarina maruz kalirlar.'

Bu uygunsuz soklar1 6nlemek i¢in uygulana-
bilecek teknolojik olarak cesitli uygulamalar var-
dir; anti tasikardi pacing, VT detection zamaninin
uzun ve gecikmis tutulmasi ve cihazin yeni QRS
vektor algoritmalarina gore ayirim yapabilme ye-

tenegi artirilmasi gibi (Wavelet algoritmast).'>!¢

Yapilan ¢esitli calismalarda uygunsuz soklarin en
sik sebebinin atrial fibrilasyon sonrasi supraventrikii-
ler tasikardi oldugu goriildii.”” Uygunsuz soklarin se-
bepleri icinde diger bir sebep ventrikiiler oversen-
sing’dir. Ventrikiiler oversensing olusum mekaniz-
malarindan biri de T wave oversensing’dir (TWOS).

T wave oversensing T dalgasinin R dalgasi gibi
algilanmasi sonucu kalp hizinin oldugunun 2 kat1
gibi goziikmesi sonrasinda uygunsuz ICD sokuna
yol agabilir. T wave oversensing ventrikiiler over-
sensingin en sik sebebidir. ICD hastalarda %14 ora-
ninda goriilebilir'® ve bunun 6nceden 6ngoriilmesi
olas1 degildir.

T wave oversensing integre bipolar lead olan
olgularda, kardiyomiyopatili olgularda, uzun QT
sendromlu yada kisa QT sendromlu hastalarda,
Brugada sendromlu olgularda goriilme riski artan
bir durumdur.'®??Ayrica hiperkalemi gibi elektro-

Pediatr Heart ] 2015;2(3)

lit imbalansinda, iskemi, travma ve lead implantas-
yonu sonrasl hasarlanmaya bagli gecici T yiiksekli-
23,24

gine bagli meydana gelebilir.

Bizim vakamizda oldugu gibi 6zellikle uzun
QT tip 3 sendromu olan olgularda yayvan ST seg-
menti ile beraber dar ve peak yapmis T dalgalar
goriilebilir.

Ventrikiiler sensitivitenin azaltilmasi, post-
ventrikiiler sensing reftaktér peryodun uzun ayar-
lanmasi, tagikardi zon detection intervalinin
ylikseltilmesi yada tagikardi detection hizinin tah-
mini siniis hizinin 2 katinin tizerine ayarlanmasi
gibi noninvaziv yontemlerle T wave oversensing’in
istesinden gelmeye ¢alisilir. Ancak bu yontemlerle
¢ogu zaman bagarili olunmasi giictiir. Ayrica bu
yontemlerle cihazin ventrikiiler tagikardi yada ven-
trikiiler fibrilasyona olan duyarliligimi da azaltmis
olacagimizdan bu durumlara uygun zamanda mii-
dahale etme olasiligini da azaltmis oluruz.

Baz1 ICD programlarinin dar QRS i genis QRS
ten ayirabilme 6zelligi kazandiran algoritmalar
vardir.”% Bu da ritmin siniis yada supraventrikiiler
tasikardiyi tamimlamasina dolayisi ile T wave over-
sensing’in iistesinden gelmesine yardimci olur.

Wavelet algoritmas: da >250 hizin tizerinde
caligmayacagindan ¢oziim degildir.?

Nadiren bazi vakalarda lead yerinin degistiril-
mesi TWOS i¢in ¢6ziim olabilir.”

Akilli soklama 6zelligi olan ve bizim uygula-
mamizda kullandigimiz Medtronic Protecta gibi ci-
hazlar QRS ile T dalgasini ¢ok hassas bir sekilde
ayirt edebilecek yazilima sahiptir. Bunu yaparken
ventrikiiler sensitiviteyi bozmadan yani VF sap-
tama duyarliligini azaltmadan bu problemi 6nler.
Bu 6zellikler cihaza spesifiktir ve programlanamaz.
Cihazlar birbirinden ayiran detaylarin, 6zel tescilli
oldugundan baska bir cihaza uygulanmas: miimkiin
olmamaktadir. Bu 6zellikle filtreleme setleri ve sis-
temi icin de gegerlidir.”®

Biz de daha 6nce yayimlanmis yazilardakine
benzer sekilde?® T wave oversensing’in ICD cihaz-
larina spesifik oldugunu ve ICD cihaz1 degistirildigi
takdirde uygunsuz soklarin 6nlenebilecegini bu ya-
zida vurgulamak istedik.
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he thymus gland in
different
shapes can be seen in

sizes and
chest x-ray up to 3 years old.
The thymus tissue is a very
soft tissue that diminishes
during inspiration and ex-
pands during expiration. The
compression of heart due to
massive thymus hiperplasia
have not been reported in
the literatiire.

A two-month-old girl
was referred to our clinic
with the heart murmur and
cardiomegaly on chest radi-
ograph. Echocardiographic
examination revealed a small
secundum atrial septal defect,
pericardial effusion (7 mm),
and compression of right
ventricular free wall due to
the thymic hyperplasia (Fi-
gure 1). MRI is superior to
CT imaging for visualizing
the thymus and differentia-
ting it from the surrounding
soft tissue.! MRI of the tho-
rax showed massive thymic
hyperplasia (Figure 2). Mana-

FIGURE 1: Transthoracic echocardiogram in Apical four cham-
ber view (A, B) and parasternal short axis view (C) showing
compression of right ventricular free wall due to massive thymic
hyperplasia.
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gement of thymic hyperplasia is controversial.
When the patient is asymptomatic and is less than
two years of age, thymic hyperplasia generally reg-
resses.’

On follow up at 6 months of age, thymic
hyperplasia was still present and thymus was com-
pressing the right ventricular free wall; however,
we did not observe right ventricular outflow tract
obstruction or pericardial effusion.

FIGURE 2: MRl of thorax showing pericardial effusion and compression of the
right ventricular free wall due to the thymic hiperplasia.
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Differentiation of Restrictive Cardiomyopathy
and Constrictive Pericarditis in A Seven-Year-

Old Child with Biatrial Dilation:
Use of Intracardiac Pressure Tracings:

Letter to the Editor

estrictive cardiomyopathy (RCMP) and constrictive pericarditis (CP)

are two similar entities causing difficulty and delay in diagnosis.

Echocardiography and computed tomography (CT) of the thorax are
the most widely used modalities in the differential diagnosis and guidance
of therapy. A 7-year-old male patient with biatrial dilation was admitted
for discrimination of RCMP/ CP (Figure 1).

Biatrial dilation was detected on electrocardiography, normal systolic
function, biatrial dilation, grade 1-2 mitral valve insufficiency were de-
tected on echocardiography, restrictive diastolic filling pattern was detected
with PW doppler (mitral E/A>2, mitral E deceleration time <150 msec). Mi-
tral E was 10 cm/sec with PW doppler tissue doppler. Respiratory change
in mitral E wave was measured as 12% with PW doppler. Pericardial thick-
ening was not detected on CT of the thorax. Biatrial dilation and restrictive
filling pattern may be seen both in CP and RCMP. In literature, <10% change
in mitral E wave is interpreted in favor of RCMP, >15% in favor of CP.! In tis-
sue doppler imag-
ing, <8 cm/sec mi-
tal E wave is in-
terpreted in favor
of RCMP, >12 cmm/
sec in favor of
CP.2* Absence of
pericardial thick-
ening on CT of
the thorax does

not exclude the
FIGURE 1: Echocardiography showing biatrial dilation in a 7-year-old male

diagnosis of CP.*
child.
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Echocardiography and CT of the thorax find-
ings were not beneficial and cardiac catheteriza-
tion was planned. A parallel pressure recording set
was arranged and both left and right heart cham-
bers were recorded simultaneously. Simultaneous
systolic pressure tracings from left and right ven-
tricles showed a parallel pattern in the form of a re-
duction during inspirium and increase during
expirium (respiratory concordance) (Figure 2).
End-diastolic pressures of left heart chambers were
found to be 5 mmHg greater than that of right
heart chambers. With these findings, the patient
was diagnosed with RCMP and managed accord-
ingly. He was lost on month 5 of the follow-up due
to sudden cardiac arrest at home.

Death is the most feared outcome in children
with RCMP and CP. Children diagnosed with
RCMP are directed for cardiac transplantation as
the only solution, whereas appropriately timed sur-
gery provides a chance for cure for patients with
CP. Therefore, when confronted with a differential

FIGURE 2: Cardiac catheterization showing a parallel pressure pattern as a
reduction in inspirium and an increase in expirium on systolic pressure trac-
ings obtained simultaneously from both ventricles during cardiac catheteri-
zation(respiratory concordance).

diagnosis between RCMP and CP, every effort
should be made for early establishment of the de-
finitive diagnosis. Besides echocardiography and
other imaging methods, cardiac catheterization and
pressure recording techniques can provide signifi-
cant benefits.

Rajagopalan, N, Garcia, MJ, Rodriguez, L, et
al. Comparison of new Doppler echocardoi-
graphic methods to differentiate constrictive
pericardial heart disease and restrictive car-
diomyopathy. Am J Cardiol 2001; 87:86.

Ha, JW, Oh, JK; Ling, LH, et al. Annulus para-
doxus: transmitral flow velocity to mitral annu-
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Arrhythmogenic Side-Effect of
Glucagon in a Male Newborn:
Letter to the Editor

Erkek Yenidogan Bebekte
Glukagonun Aritmojenik Yan Etkisi

n recent years glucagon has been widely used in the treatment of resis-
Itant hypoglycemia in newborns with hyperinsulinism.!? Hypotension,
severe hyponatremia, thrombocytopenia, erythema necrolyticum mig-
rans, vomiting, and respiratory distress are the rare side effects of the drug.>*
There has been no report in the literature on the arrhythmogenic side-ef-

fect of glucagon in the newborn.

A male newborn presenting with severe hypoglycemia was referred to
our center. He was born to a 22-year-old eclamptic mother by cesarean de-
livery after 39 weeks of pregnancy. In the physical examination, the pati-
ent’s weight was 2330 g (<3P), heart rate of 139 bpm, and arterial blood
pressure 83/53 mm Hg. Considering the patient’s blood glucose level of 28
mg/dL on admission, glucose infusion in increasing doses was started. The
final rate of infusion was 19.5 mg/kg/min. In view of his concurrent blood
glucose/insulin ratio of 0.5 (<4), the case was diagnosed to have hyperinsu-
linism and accepted as a case of resistant hypoglycemia.

Glucagon infusion was started at a dose of 10 mg/kg/min following an
initial intravenous dose of 300 mcg/kg. Upon no correction of hypoglyce-
mia after 4 hours of infusion, the dose of the drug was increased to 20
mg/kg/min. After 10-minute infusion at this dose, the heart rate of the pa-
tient rose to 200 beats/min. The sinus rhythm on electrocardiogram plus a
heart rate of 200 beats/min led us to the diagnosis of sinus tachycardia cau-
sed by glucagon infusion
(Figure 1).

The echocardiog-
ram of the patient was
normal. Propranolol 1
mg/kg/dose in 3 doses
was planned as addition
to glucagon. Following

the administration of

FIGURE 1: Electrocardiogram showing sinus tachycardia of 200 per minutes.
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the first dose of propranonol, the heart rate fell
down to 120 beats/min at hour 2, to 110 beats/min
at hour 4, and to 80 beats/min at hour 6. Upon de-
velopment of sinus bradycardia in the patient, the
second dose of propranolol was not given, and the
drug was cut off. The sinus bradycardia lasted 4
hours (70-80 beats/min). Twelve hours after the
first dose of propranolol the heart rate returned
to normal with 130 beats/min. The glucagon in-
fusion was given one more day as the heart rate

ranged between 120 and 160 beats per minute.
When the blood glucose started to continue above
40 mg/dL, glucagon was gradually decreased and
discontinued. The patient was discharged with
cure after one week.

There are reports in the literature on tach-
yarrhythmia in adults caused by glucagon.’ To the
best of our knowledge, our patient is the first new-
born case showing sinus tachycardia secondary to
glucagon treatment.

Sweet CB, Grayson S, Polak M. Management
Strategies for Neonatal Hypoglycemia.J Pedi-
atr Pharmacol Ther. 2013 Jul;18(3):199-208.

Miralles RE, Lodha A, Perlman M, Moore AM.
Experience with intravenous glucagon infu-
sions as a treatment for resistant neonatal hy-
poglycemia. Arch Pediatr Adolesc Med.
2002;156(10):999-1004.
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MAKALE GONDERMEK iGiN

Pediatric Heart Journal’e makale gondermek igin; www.turkpedkar.org.tr adresindeki
“Online Makale” linkini tiklayiniz (Yalnizca bu yolla génderilen makaleler isleme alin-
maktadir). Makalelerinizle ilgili tiim iglemleri de bu adresten takip edebilirsiniz.

GENEL BILGILER

Pediatric Heart Journal, retrospekiif, prospektif veya deneysel arastirmalar, derlemeler,
olgu sunumlari, editdryal yorum/tartismalar, editére mektuplar, tibbi egitimler, bilimsel mek-
tuplar, cerrahi teknikler, ayirici tanilar, orijinal gérintiler, taniniz nedir? ler, tibbi kitap de-
Gerlendirmeleri, soru-cevaplar ve tip giindemini belirleyen giincel konular yayimlayan,
ulusal ve uluslararasi tim tibbi kurum ve personele ulasmayi hedefleyen bilimsel bir der-
gidir.

Dergiler; yayimladiklari makalelerde, konu ile ilgili en yiksek etik ve bilimsel standartlarda
olmasi ve ticari kaygilarda olmamasi sartini gézetmektedir.

Editorler ve yayinevi, reklam amaci ile verilen ticari Uriinlerin ézellikleri ve agiklamalari ko-
nusunda hicbir garanti vermemekte ve sorumluluk kabul etmemektedir.

Yayimlanmak icin gdnderilen makalelerin daha énce baska bir yerde yayimlanmamis veya
yayimlanmak tizere gonderilmemis olmasi gerekir. Eger makalede daha dnce yayimlan-
mig; alinti yazi, tablo, resim vs. mevcut ise makale yazari, yayin hakki sahibi ve yazarla-
rindan yazili izin almak ve bunu makalede belirtmek zorundadir. Bilimsel toplantilarda
sunulan dzetler, makalede belirtiimesi kosulu ile kabul edilir.

Dergiye gonderilen makale bicimsel esaslara uygun ise, editdr ve en az yurt igi-yurt disi

iki danismanin incelemesinden gegip, gerek goriildigi takdirde, istenen degisiklikler ya-

zarlarca yapildiktan sonra yayimlanir.

Makale isleme alindiktan sonra, yayin haklari devir formunda belirtilmis olan yazar isim-

leri ve siralamasi esas alinir. Bu asamadan sonra;

® Makaleye hichir asamada, yayin haklari devir formunda imzasi bulunan yazarlar di-
sinda yazar ismi eklenemez ve yazar sirasi degistirilemez.

YAYIN KURALLARI
BILIMSEL SORUMLULUK

Tum yazarlarin génderilen makalede akademik-bilimsel olarak dogrudan katkisi olmalidir.
Yazar olarak belirlenen isim asagidaki 6zelliklerin tamamina sahip olmalidir:

- Makaledeki calismay! planlamali veya yapmali,

- Makaleyi yazmali veya revize etmeli,

- Son halini kabul etmelidir.

e Makalelerin bilimsel kurallara uygunlugu yazarlarin sorumiulugundadir.

ETIK SORUMLULUK

e Dergj, “insan” égesinin icinde bulundugu tiim calismalarda Helsinki Deklerasyonu Pren-
siplerfne uygunluk (http:/www.wma.net/en/30publications/10policies/b3/ index.htmi) il-
kesini kabul eder. Bu tip ¢alismalarin varliginda yazarlar, makalenin GEREG VE
YONTEMLER blimiinde bu prensiplere uygun olarak calismay1 yaptiklarini, kurumla-
rinin etik kurullarindan ve galismaya katilmis insanlardan “Bilgilendirilmis olur” (informed
consent) aldiklarini belitmek zorundadir.

e Calismada “Hayvan” égesi kullanimis ise yazarlar, makalenin GEREG VE YONTEM-
LER bélimiinde Guide for the Care and Use of Laboratory Animals (www.nap.
edu/catalog/5140.html) prensipleri dogrultusunda ¢alismalarinda hayvan haklarini ko-
ruduklarini ve kurumlarinin etik kurullarindan onay aldiklarini belirtmek zorundadir.

e Olgu sunumlarinda hastanin kimliginin ortaya ¢ikmasina bakilmaksizin hastalardan
“Bilgilendirilmis olur” (informed consent) alinmalidir.

®  Eger makalede direkt-indirekt ticari baglanti veya calisma icin maddi destek veren
kurum mevcut ise yazarlar; kullanilan ticari riin, ilag, firma... ile ticari higbir iligkisinin
olmadigini ve varsa nasll bir iligkisinin oldugunu (konstiltan, diger anlasmalar), edi-
tore sunum sayfasinda bildirmek zorundadir.

YAZARLARA

®  Makalede “Etik Kurul Onay!” alinmasi gerekli ise; alinan belge online olarak,
www.turkiyeklinikleri.com adresinde yer alan “Makale Génderim” linkindeki bolim-
den, makale ile birlikte génderilmelidir.

®  Makalelerin etik kurallara uygunlugu yazarlarin sorumlulugundadir.

®  Makalenin degerlendirimesi asamasinda, yayin kurulunun gerek gdrmesi halinde,
makale ile ilgili arastirma verilerinin ve/veya etik kurul onayi belgesinin sunulmasi ya-
zarlardan talep edilebilir.

BiYOISTATISTIKSEL DEGERLENDIRME

Tim retrospektif, prospektif ve deneysel arastirma makaleleri biyoistatistiksel olarak de-
Gerlendirilmeli ve uygun plan, analiz ve raporlama ile belirtilmelidir.

Makalelerde p degerleri agik olarak verilmelidir (p= 0.025; p= 0.524 gibi).

Aragtirma makaleleri dergiye génderilmeden 6nce, biyoistatistik uzmani tarafindan deger-
lendirilmeli ve uzmanin ismi yazarlar arasinda yer almalidir.

Biyomedikal dergilere génderilen yazilarin biyoistatistiki uygunlugunun kontrolii icin ek bilgi
www.icmje.org adresinden temin edilebilir.

® Makalelerin biyoistatistiksel kurallara uygunlugu yazarlarin sorumlulugundadir.

YAZIM DiLi YONUNDEN DEGERLENDIRME

Derginin yayin dili Tiirkge ve ingilizce'dir.

Tirkce makalelerde Turk Dil Kurumu'nun Tirkge sozIigl veya www.tdk.gov.r adresi esas
alinmalidir.

ingilizce makaleler ve ingilizce 6zetler, dergiye génderilmeden nce dil uzman tarafindan
degerlendirilmeli ve uzman onay: editdre sunum sayfasinda 6zellikle belirtimelidir. Maka-
leyi, Ingilizce yéniinden degerlendiren, yazarlardan biri degil ise bu kisinin ismi makalenin
sonunda bulunan TESEKKUR (Acknowledgement) balimiinde belirtiimelidir.

Ayrica génderilmis olan makalelerdeki yazim ve dilbilgisi hatalari, makalenin icerigine do-
kunmadan, redaksiyon komitemiz tarafindan diizeltiimektedir.

® Makalelerin yazim ve dil bilgisi kurallarina uygunlugu yazarlarin sorumlulugundadir.

YAYIN HAKKI

1976 Copyright Act’e gore, yayimlanmak tizere kabul edilen yazilarin her tirli yayin hakki
dergiyi yayimlayan kuruma aittir. Yazilardaki diistince ve oneriler timiyle yazarlarin so-
rumlulugundadir. Makale yazarlarina, yazilari karsiliginda herhangi bir ticret ddenmez.
Yazarlar, http:/turkishclinics.com/Log/phjinternet adresinden ulasacaklan “Yayin Haklar Devir
Formu’nu doldurup, online olarak, www.turkpedkar.org.tr adresinde yer alan “Online Ma-
kale” linkindeki béliimden, makale ile birlikte géndermelidirler.

YAZI GESITLERI

Dergiye yayimlanmak tizere génderilecek yazi cesitleri su sekildedir;

Orijinal Arastirma: Kliniklerde yapilan prospektif-retrospektif ve her tirlii deneysel ¢alis-

malar yayimlanabilmektedir.

Yapisi:

- Ozet (Ortalama 200-250 kelime; amag, gereg ve yontemler, bulgular ve sonug bglim-
lerinden olugan, Tiirkge ve Ingilizce)

- Girig

- Gereg ve Yontemler

- Bulgular

- Tartisma

- Sonug

- Tesekkdr

- Kaynaklar

Derleme: Dogrudan veya davet edilen yazarlar tarafindan hazirlanir. Tibbi 6zellik goste-

ren her tlirlli konu igin son tip literatlirlinii de icine alacak sekilde hazirlanabilir. Yazarin o

konu ile ilgili basilmis yayinlarinin olmasi dzellikle tercih nedenidir.

Yapisi:

- Ozet (Ortalama 200-250 kelime, balimsiiz, Tiirkge ve Ingilizce)

- Konu ile ilgili basliklar

- Kaynaklar



Olgu Sunumu: Nadir gérilen, tani ve tedavide farklilik gdsteren makalelerdir. Yeterli sa-

yida fotograflarla ve semalarla desteklenmis olmalidir.

Yapisi:

- Ozet (ortalama 100-150 kelime; bélimstiz; Tirkge ve ingilizce)

- Giris

- Olgu Sunumu

- Tartisma

- Kaynaklar

Editoryel Yorum/Tartisma: Yayimlanan orijinal arastirma makalelerinin, aragtirmanin ya-

zarlar digindaki, o konunun uzmani tarafindan degerlendirilmesidir. ilgili makalenin so-

nunda yayimlanir.

Editdre Mektup: Son bir yil icinde dergide yayimlanan makaleler ile ilgili okuyucularin de-

Gisik gortis, tecriibe ve sorularini iceren en fazla 500 kelimelik yazilardir.

Yapisi:

- Baglik ve dzet boliimleri yoktur.

- Kaynak sayisi 5 ile sinirlidir.

- Hangi makaleye (sayu, tarih verilerek) ithaf olundugu belirtimeli ve sonunda yazarin
ismi, kurumu, adresi bulunmalidir. Mektuba cevap, editor veya makalenin yazar(lar)i
tarafindan, yine dergide yayimlanarak verilir.

Bilimsel Mektup: Genel tibbi konularda okuyucuyu bilgilendiren, basilmis bilimsel maka-

lelere de atifta bulunarak o konuyu tartisan makalelerdir.

Yapisi:

- Ozet (ortalama 100-150 kelime; bélimsiiz, Tirkge ve ingilizce)

- Konu ile ilgili bagliklar

- Kaynaklar

Cerrahi Teknik: Ameliyat tekniklerinin ayrintili islendigi makalelerdir.

Yapisi:

- Ozet (ortalama 100-150 kelime; bélimstiz, Tirkge ve ingilizce)

- Cerrahi teknik

- Kaynaklar

Ayirici Tani: Giincel degeri olan olgu sunumlaridir. Benzer hastaliklarla ilgili yorumu iger-

mektedir.

Yapisi:

- Ozet (ortalama 100-150 kelime; bélimstiz, Tirkge ve ingilizce)

- Konu ile ilgili bagliklar

- Kaynaklar (3-5 arasl)

Orijinal Goriintiiler: Literatiirde nadir gézlenen agiklamali tibbi resim ve fotograflardir.

Yapisi:

- 300 kelimelik metin, orjinal resimler, kaynaklar

Taniniz Nedir?: Nadir gériilen, tani ve tedavide farklilik gosteren hastaliklar hakkinda,

soru-cevap seklinde hazirlanmig makalelerdir.

Yapisi:

- Konu ile ilgili bagliklar

- Kaynaklar (3-5 arasi)

Tibbi Kitap Degerlendirmeleri: Glincel dederi olan ulusal veya uluslararasi kabul gormuis

kitaplarin degerlendirmeleridir.

Soru Cevaplar: Tibbi konularda bilimsel egitici-6greticiligi olan soru ve cevaplar.

YAZIM KURALLARI

Dergiye yayimlanmast igin gonderilen makalelerde asagidaki bicimsel esaslara uyulmalidir:
- Makale, PC uyumlu bilgisayarlarda Microsoft Word programi ile yaziimalidir.
KISALTMALAR: Kelimenin ilk gectii yerde parantez iginde verilir ve tiim metin boyunca
o kisaltma kullanilir. Uluslararasi kullanilan kisaltmalar iin “Bilimsel Yazim Kurallar’™ kay-
nagina basvurulabilir.

SEKIL, RESIM, TABLO VE GRAFIKLER:

-Sekil, resim, tablo ve grafiklerin metin iinde gegtii yerler ilgili ciimlenin sonunda belirtilme-
liclir. Sekil, resim, tablo ve grafiklerin agiklamalan makale sonuna eklenmelidir.

-Sekil, resim/fotograflar ayri birer .jpg veya .gif dosyasi olarak (pixel boyutu yaklasik
500x400, 8 cm eninde ve 300 ¢éziinlrlikte taranarak), sisteme eklenmelidir.

- Kullanilan kisaltmalar sekil, resim, tablo ve grafiklerin altindaki agiklamada belirtimelidir.
- Daha 6nce basilmis sekil, resim, tablo ve grafik kullanilmis ise yazili izin alinmalidir ve
bu izin agiklama olarak sekil, resim, tablo ve grafik aciklamasinda belirtimelidir.

' Scientific Style and Format: The CBE Manuel for Authors, Editors, and Publishers, 6th ed. New
York: Cambridge University Press, 1994.

- Resimler/fotograflar renkli, ayrintilar gorilecek derecede kontrast ve net olmalidir.
EDITORE SUNUM SAYFASI: Gonderilen makalenin kategorisi, daha dnce bagka bir der-
giye génderilmemis oldugu, varsa galismay! maddi olarak destekleyen kisi ve kuruluglar
ve varsa bu kuruluglarin yazarlarla olan iliskileri belirtilmelidir.
KAPAK SAYFASI: Makalenin bagligi (Tiirkge ve ingilizce), tiim yazarlarin ad-soyadiari,
akademik tnvanlari, kurumlar, is telefonu-GSM, e-posta ve yazisma adresleri belirtime-
lidir. Makale daha dnce tebli§ olarak sunulmus ise teblig yeri ve tarihi belirtimelidir.
OZETLER: YAZI GESITLERI bdlimiinde belirtilen sekilde hazirlanarak, makale metni ige-
risine yerlestiriimelidir.
ANAHTAR KELIMELER:
- En az 2 adet, Tiirkge ve Ingilizce yazilmalidir.
- Kelimeler birbirlerinden noktali virgl (;) ile ayriimalidir.
- ngilizce anahtar kelimeler “Medical Subject Headings (MESH)’e uygun olarak verilme-
lidir (Bkz: www.nlm.nih.gov/mesh/MBrowser.html).
- Tiirkge anahtar kelimeler Tiirkiye Bilim Terimleri (TBT)'ne uygun olarak verilmelidir (Bkz:
www.bilimterimleri.com).
TESEKKUR: Eger gikar catismasl, finansal destek, bagis ve diger biitin editoryal (ista-
tistiksel analiz, Ingilizce/Tiirkge degerlendirme) ve/veya teknik yardim varsa, metnin so-
nunda sunulmalidir.
KAYNAKLAR: ingilizce yaziimalidir. Orijinal basimi Tiirkge olan kaynaklarin basligi [ ]
iinde ve ingilizce olarak yazilmalidir. Kaynaklar makalede gelis sirasina gore yazilmali ve
metinde ciimle sonunda noktalama isaretlerinden hemen sonra “Ust Simge” olarak belir-
tilmelidir. Makalede bulunan yazar sayisi 6 veya daha az ise tiim yazarlar belirtiimeli, 7 veya
daha fazla ise ilk 6 isim yazilip “et al.” eklenmelidir. Kaynak yazimi icin kullanilan format
Index Medicus'ta belirtilen sekilde olmalidir (Bkz: www.icmje.org). Kongre bildirileri, ki-
sisel deneyimler, basilmamis yayinlar, tezler ve internet adresleri kaynak olarak gos-
terilemez.
Kaynaklarin yazimi igin dmekler (Noktalama isaretlerine liitfen dikkat ediniz):
Makale igin; Yazar(lar)in soyad(lar)i ve isim(ler)inin basharf(ler)i, makale ismi, dergi ismi,
yil, cilt, say1, sayfa no'su belirtimelidir. Ornek:
Arici C, Oguz V. [Surgical Treatment Options According to Inferior Oblique Hyper-
function in Superior Oblique Palsy]. Turkiye Klinikleri J Med Sci 2011;31(5):1160-6.
Kitap i¢in; Yazar(lar)in soyad(lar)i ve isim(ler)inin basharf(ler)i, bolim basligi, edito-
riin(lerin) ismi, kitap ismi, kaginci baski oldugu, sehir, yayinevi, yil ve sayfalar belirtilmeli-
dir. Omek:
Yabanci dilde yayimlanan kitaplar igin;
Underwood LE, Van Wyk JJ. Normal and aberrant growth. In: Wilson JD, Foster DW,
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