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CpaBHeHMe ToNlepaHTHOCTU K pU3NYeCKO Harpy3Kke y NnauvMeHToB, NOABEPrHyTbhiX MaJIOUHBA3UBHOW
XUPYPru4yeckom unm TpaHckaTteTepHon koppekuum gedekra mexnpeacepaHon neperopoaku

Hicaz Zencirkiran Agus, Serkan Kahraman, Mehmet Erturk, Burak Onan, Ali Kemal Kalkan, Ahmet Guner, Ali Birand, Fatih Uzun,
Mehmet Emin Kalkan, Mustafa Yildiz

Lienb. CpaBHWTL 3¢ EKTUBHOCTb MAIOMHBA3VBHOM XMPYPrYeCcKOoii 1 TpaHCKaTe-  YBENWYEHWUS AJIUTENbHOCTY Harpy304HOM Mpobbl U 3HAYEHUS MaKCUMasIbHOMO
TEPHON Koppekumuy aedekta mexnpencepaHon neperopogku (AMIMMM) no aaHHbIM notpebneHns kucnopoaa (VO2 max). CucTonmyeckas 3KCKypcusi Konmbla Tpex-
KapAMonybMOHaNbHOr0 Harpy3o4HOro Tecta M axokapauorpadpum (9xoKr), cTBOpYaToro knanaxa (tricuspid annular plane systolic excursion, TAPSE) n cucto-
BbIMOJIHEHHO [0 onepauuy 1 MecsiL, CnycTs. myeckas CKOPOCTb ABMXEHMS KONbLa TPEXCTBOPYATOro knanaHa (tricuspid lateral
Martepuan u metoppl. B uccnenosaxve 6binv BktoYeHbl 54 naumerta ¢ MMM, annular systolic velocity, Tri S) He n3MeHUAUCb. XOTS B rpynne ManoMHBa3MBHOMO
[laHHble 0 43 13 KOTOPbIX BbINN LOCTYNHBI K KOHLLY cCnefoBaHus. 21 naumeHT Obin - BMeLLaTenbCTBa AyameTpbl NpaBbix OTAENO0B CEPALA 3HAYNTENBHO YMEHbBLLUUCD,
NoABepPrHyT MaloNHBA3VBHOMY BMELLATENbCTBY (POBOTM3MPOBAHHbIA MK 3HOO-  TEM HE MeHee, VO, max, TAPSE v Tri § 3Ha41T€/IbHO CHN3WAUCD.

CKOMUYECKUn METOAbI) M 22 NauMeHTa — TpaHCKaTeTePHOMY 3akpbiTuio. Bee naum- 3aknioyeHue. Pesynsrathl KIMHT 3HAa4MTENBHO YNYYLWIMAMCH B Fpynne TpaHckate-
eHTbl Obinn aeTanbHO o6cnenoBaHbl C MOMOLBID YpecnuiieBoaHol AxoKI  TepHoit koppekumu OMIM yepe3 1 mecsl, nocne BMelLaTenbCTBa U, Ha060pPOT,
1 MPOLLAN KapaMOMybMOHAPHbIA Harpy3o4Hblid TecT (KMHT). B KOHUE nepeoro B rpynne ManouHBa3uBHOW KapAOXMPYPrun. STO MOXET BbiTb CBA3AHO C A/IUTENb-
Mecsua 6binm NoBTOPHO BhinonHeHsbl KMHT 1 TpaHcTopakansHast IxoKT. HbIM CPOKOM BOCCTAHOBNEHMSI MPABOro Xenyaoyka nocne onepauuu. MNpu oTcyT-
Pesynbratbl. Yepes 1 MecsL, nocne TpaHckaTeTepHoii koppekumu MMM Habnto- CTBMM aHATOMMYECKUX 0COBEHHOCTEel, He MO3BOMSIOLLMX BbIMOHATL TpaHCcKaTe-
[lanocb 3HAYNTENBHOE YAYYLLEHUE TONEPAHTHOCTU K GU3MYECKOI Harpyake B BuOe  TepHoe 3akpbiTue MMM, oHo siBnseTcs 6onee NpeanoyTUTENbHbIM, YEM XUPYPru-
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4eckoe BMeLATeNnbCTBO. TeM HEe MeHee, ManOuMHBA3MBHOE XMPYPruyeckoe
BMeLLATENbCTBO ABASETCS OTHOCUTENBHO 6e30MacHbIM METOAOM, XapakTepn3ayto-
LMCA KOPOTKMM NMepnoaomM BOCCTAHOBNEHUS U MEHbLUMM KOJIM4ECTBOM py6LLOB.

KnioueBble cnoea: aecdekt MexnpeacepaHoi neperopoaku, kapavonyibMoHap-
Hbli HArpy304HbIi TECT, MaNOMHBA3MBHbIE XMPYPrMyeckue BMeLLaTenbCcTea, TPaHC-
KaTeETEPHOE 3aKpPLITUE.
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Atrial septal defect (ASD) of secundum type is one of
the most common forms of congenital heart disease in
adults. ASD results in additional flow through the right
atrium (RA), the right ventricle (RV), and the pulmonary
circulation. This is usually well tolerated for a prolonged
period of time. The diagnosis is frequently made in
adulthood. The most common presenting symptoms at
adult age are palpitations, exertional dyspnea or fatigue,
which increases with age [1]. Closure of atrial septal
defects either percutancously or surgically is indicated in
patients with a hemodynamically significant shunt that
causes enlargement of the right heart [2]. Complications
include atrial arrhythmia, RV failure, and pulmonary
arterial hypertension (PAH) if not repaired by early
adulthood [1]. When RV is no more than moderately
dilated before closure, there is little concern about
persistent clinically relevant RV dysfunction. Additionally,
while most patients have resolution of RV dilation, it may
persist and maximal exercise capacity may remain impaired
in long term follow-up, in a sizable subset of patients [3].

Surgical treatment of ASD has been practiced for over
fifty years and appears to be a safe and effective procedure.
Surgical treatment of ASD could be through median
sternotomy, small thoracotomy with endoscopic support
and with robotic assistance. Transcatheter closure of ASD
with the ASD Septal Occluder has become a feasible
alternative to conventional surgical closure in selected
patients [4]. Transcatheter closure has the advantage of
avoiding the need for sternotomy, cardiopulmonary bypass
and intensive care stay, facilitates rapid patient recovery
and confers financial returns. There are some limitations
for transcatheter ASD closure such as anatomical and
device-related. Main limitations to transcatheter ASD
closure may be insufficient surrounding rims, primum or
sinus venosus-type defects, multiple or associated defects
and excessively bulging atrial septal aneurisms (ASA).

There are only a few studies comparing the results of
surgical and transcatheter ASD closure [5-7]. The main
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aim of our study was to compare the results of transcatheter
ASD closure versus minimally invasive cardiac surgery
(MICS) focusing on cardiopulmonary exercise capacity
and echocardiographic findings preoperatively and 1
month after defect closure.

Material and methods

Study population. We prospectively included 54 patients
with ostium secundum ASD in our institution between
September 2018 and July 2019. This study protocol was
approved by the local ethics committee and informed
consent was obtained from all individual participants.
They underwent closure, either surgical or transcatheter
using the Amplatzer Septal Occluder (ASO). Patients with
coronary heart disease, moderate or severe valvular heart
disease, pulmonary vascular resistance greater than two
thirds of systemic vascular resistance, defect size >40 mm,
other congenital heart disease and those unable to exercise
were excluded. Patients with small ASD with a left-to-right
shunt (Qp/Qs) of less than 1,5:1, sinus venosus ASD
including partial anomalous pulmonary venous drainage,
who did not have enlargement of the right heart diameters
or pulmonary hypertension at rest and during exercise,
without clinical symptoms of heart failure and without
paradoxical embolism, did not receive an ASD closure in
accordance to AHA guidelines [8]. 11 patients who did not
undergo cardiopulmonary exercise test at first month were
excluded from the study. Consequently, we included
totally 43 patients; 21 patients who had surgery and 22
patients who had transcatheter closure.

All patients with ASD were investigated in detail by
transesophageal echocardiography (TEE). Cases of ASD
with a TEE diameter of 30 mm or less with a septal rim of
at least 5 mm and non-floppy were considered suitable for
transcatheter closure. Patients who objected for
percutaneous closure, those who had single defect too
large for occlusion and multiple defects unsuitable for
interventional closure were randomized to surgery. All
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patients underwent to cardiopulmonary exercise test
(CPET). At the end of first month CPET and transthoracic
echocardiography (TTE) were reperformed.

Surgical closure. The minimal invasive endoscopic
approach or Da Vinci SI robotic surgery system (Intuitive
Surgical, Inc, Sunnyvale, CA, USA) without sternotomy
was used. For minimal invasive endoscopic approach, the
main working port and port for surgical endoscope were
placed with skin incision. For Da Vinci SI robotic surgery,
mini-thoracotomy was used for pericardiotomy, deploy-
ment of cardioplegic cannula, left ventricular drainage by
using of the instruments and 3D-endoscope of da Vinci
complex and assistant’s work during the main surgical
stage. In our cohort 7 patients were undergone port access
endoscopic approach and 14 patients were undergone
robotic surgery.

Transcatheter closure. Transcatheter closure of ASD
using an Amplatzer Septal Occluder device (AGA Medical
Corporation; Plymouth, MN, USA) was performed under
general anesthesia with the assistance of TEE.
Hemodynamic evaluation was performed before ASD
closure. An exchange guide wire was placed in a left
pulmonary vein. The appropriate size device was then
screwed on the cable and advanced inside the proper size
sheath. Its position as well as stability was assessed by
fluoroscopy and TEE. All patients were instructed about
infective endocarditis prophylaxis for six months after
device placement. Aspirin 81-100 mg and clopidogrel was
initiated 48 h before closure and continued for three
months thereafter.

Echocardiography. Measurements of LV and RV
internal dimensions obtained according to American
Society of Echocardiography recommendations with an
Epic 7 Ultrasound System (TTE Philips Healthcare,
Andover, MA). To minimize inter-observer and intra-
observer variations, one trained person performed all
examinations. Two measurements of the RV were made in
the apical four-chamber view: RV short-axis dimension
(RV1), defined as the maximal dimension from the right
septal surface to the free wall perpendicular to the long
axis; and maximal RV long-axis dimension (RV2), defined
as the distance between the RV apex and the mid-point of
the tricuspid valve. RA was measured as apicobasal (RA1)
and mediolateral (RA2) from apical four-chamber view.
All patients were in normal sinus rhythm. In every patient
the pulmonary-to-systemic flow ratio (Qp/Qs) was
calculated, and right ventricular systolic pressure (RVSP)
was measured in patients with tricuspid valve regurgitation
using the simplified Bernoulli formula. All patients
underwent TEE to characterize the ASD, measure the
maximal ASD diameter and the surrounding rims.

Cardiopulmonary exercise test (CPET). A total of 54
patients with ASD had a treadmill exercise ergospirometry
test based on a Bruce protocol (Ergometrics 900, Ergoline,
Bitz, Germany). Breath-to-breath measurements of
expired gas values were analysed. Heart rate, blood pressure

and ventilation were recorded continuously during
ergospirometry. We measured ventilatory flow, inspiratory
and expiratory oxygen concentration difference, expiratory
carbon dioxide concentration. From these variables oxygen
uptake, peak oxygen uptake, carbon dioxide delivery,
respiratory exchange ratio (RER) and ventilatory
equivalents for oxygen and carbon dioxide (VE/VO,, VE/
VCO,) were calculated by machine. Patients were
encouraged to exercise to exhaustion or to a respiratory
exchange ratio >1,0. VO2 max was defined as the amount
of oxygen consumed by the body at the peak of tolerable
exercise. The anaerobic threshold (AT) was determined
from the plot of carbon dioxide output (VCOZ) against
oxygen uptake (VOz), where the slope of this linear relation
increased owing to a rise in VCO2 (V-slope method); or
VO2 at the onset of blood lactate accumulation. At this
time, there is a significant increase in blood lactate
concentration. VE/VO, and VE/VCO, was defined as
ventilator efficiency [9].

Statistical Analysis. Statistical analysis was made using
the computer software Statistical Package for Social Sciences
(IBM SPSS Statistics for Windows, version 21.0. released
2012, IBM Corp., Armonk, New York, USA). Fisher’s
exact test and Pearson chi-square analysis were performed
for categorical variables. Fitness to normal distribution was
analyzed with the Shapiro Wilk test. Data was expressed as
“meanzstandard deviation (SD)” for variables with normal
distribution, “median (ISth—75th)” for variables without
normal distribution and “n (%)” for categorical variables.
Mann-Whitney U test was used for comparing quantitative
variables with abnormal distribution while Student t-test
was used for comparing the means between two groups with
normal distribution. Paired sample t test was used for related
samples with normal distribution while Wilcoxon matched-
pair signed rank test was used for related samples with
skewed distribution. A p-value <0,05 was considered sta-
tistically significant.

Results

Among 54 patients with ASD, 43 patients who were
followed up were included in the study. Patients’
demographic, echocardiographic and exercise data are
summarized in Table 1. Median age in 21 patients
undergoing MICS was 34 (24-49) with 52,4% being
female; whereas in 22 patients undergoing transcatheter
closure the median age was 51 (32-57) with 63,6% being
female. In surgery group 1 patient was hypertensive, 1
patient was diabetic; in closure group no patient was
diabetic, 5 patients were hypertensive. The median ASD
size was 20 (18-28) mm in surgery group and 16,5 (14-20)
mm in transcatheter group. The size of the ASD was larger
and the Qp/Qs ratio was higher in the MICS group;
because patients with large ASD were not suitable for
transcatheter closure and were referred to surgery. VO ,max
was higher in MICS group. No clinical or statistical
differences were found in echocardiography and
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Table 1
Baseline, demographic, echocardiographic and cardiopulmonary exercise test data
for patients in surgical and transcatheter closure groups

MICS group Transcatheter closure p
n=21 n=22

Age 34 (24-49) 51 (32-57) 0,068
Gender (female) 52,4 (11) 63,6 (14) 0,455
NYHA 0,745
1 28,6 (6) 31,8 (7)

2 333 (7) 40,9 (9)

3 38,1 (8) 273 (6)

DM 48(1) 0 0,488
HT 48(1) 227 (5) 0,03
ASD device size 20 (18-28,5)

CPBT 72,7£25,8
XCT 31,7+13,08
ASD size 20 (18-28) 16,5 (14-20) 0,004
Qp/Qs 2,5(2,0-3,0) 18 (1,7-2,2) 0,005
PAPs 40 (35-45) 35 (30-40) 0,284
RA1 43+6 417 0,558
RA2 49+8 4849 0,654
RV1 44 (37-46) 40 (37-49) 0,618
RV2 69+7 64+5 0,014
TAPSE 25 (20-26) 24 (20-25) 0,278
Tri S 13 (12-15) 13 (12-14) 0,939
LA 33#4 35%4 0,066
LVESD 25 (23-27) 27 (25-30) 0,083
LVEDD 4216 4314 0,672
EF 65 (65-65) 65 (60-65) 0,093
Exercise time 472,2+132,3 409,9+108,3 0,098
VO, (L/min) 1,6+0,46 1,44+0,36 0,208
VO, AT (ml/kg/min) 18,35%716 15,07+4,87 0,086
VO2 AT% 82+17 81x14 0,793
VO, max (ml/kg/min) 22,7+5,6 18,8+6,0 0,034
VCO, (L/min) 1,59+0,45 1,40£0,44 0,184
RER 1,0£0,10 0,97+0,10 0,256
VE (L/min) 52+11 50£17 0,755
HR AT (beats/min) 138+17 124+23 0,033
HR peak (beats/min) 153+15 142425 0,083
O, Pulse 10,2+3,1 10,4£2,5 0,762
VE/VCO, slope 30,4 (27,8-32,4) 31,4 (28,7-337) 0,337
PETO2 1147 116+7 0,310
PETCO, 32+4 325 0,756
VE/VO, 29,9+41 30,9+6,8 0,578
VE/VCO, 29,9+3,4 31,8+6,2 0,228
VE/VO, AT 26,3 (25,1-28,0) 27,0 (22,6-30,4) 0,481
VE/VCO, AT 29,3 (26,0-30,7) 30,8 (26,9-33,0) 0,319

Note: data are expressed as mean * standard deviation and median (interquartile range) or absolute number (percentage).

Abbreviations: ASD — atrial septal defect, CPBT — cardiopulmonary bypass time, DM — diabetes mellitus, EF — ejection fraction, HR — heart rate, HT — hypertension,
LA — left atrium, LVESD — left ventricle end-systolic diameter, LVEDD — left ventricle end-diastolic diameter, min — minutes, NYHA — New York Heart Association, PAPs —
pulmonary artery systolic pressure, RA — right atrium, RER — relative exchange ratio, RV — right ventricle, TAPSE — tricuspid annular plane systolic excursion, Tri S —
tricuspid lateral annular systolic velocity, VE — ventilatory efficiency, VO2 max — maximal oxygen consumption, VCO2 — production of carbon dioxide, VE/VCO2 — ventilatory
equivalent for COZ, VE/VO2 — ventilatory equivalent for 02, VO2 AT — oxygen consumption in at anaerobic threshold, XCT — aortic cross-clamping time.

cardiopulmonary functional capacity parameters between (XCT) was 31,7213,08. The median diameter of implanted
MICS and transcatheter closure group except for RV and devices was 20 (18-28,5) mm.

VO2 max. Total cardiopulmonary bypass time (CPBT) Preoperatively VO2 max (ml/kg/min) was 22,7£5,6 in
averaged 72,74+25,8 min and aortic cross-clamping time MICS and 18,8%6,0 in transcatheter group. Exercise time
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Exercise time

VO, (L/min)

VO, AT (ml/kg/min)
VO, AT%

VO,max (ml/kg/min)
VCO,

RER

VE (L/min)

HR AT (beats/min)
HR peak (beats/min)
O, Pulse

VE/VCO, slope
PETO,

PETCO,

VE/VO,

VE/VCO,

VE/VO, AT
VE/VCO,AT

PAPs

RA1

RA2

RV1

RV2

TAPSE

Tri S

LA

LVESD

LVEDD

EF

Baseline

405 (350-495)
1,43+0,36
15,06+4,87

80,5 (70,5-94,25)
18,78+6,00

1,39 (1,09-1,62)
0,96+0,101
50,45+17,44

135 (105,5-140,25)
141,7£25,4
10,43+2,54

31,4 (28,42-3377)
115,8+6,98
31,55,26
30,8+6,84
31,7846,18
28,166,61
30,85+6,04
36,746,31
41,3£7,02

475 (40,0-53,0)
40 (36,75-49,25)
64,5 (50-68)
277+3,36

13 (12-14)
35,05+4,06

26,5 (25-30)

42 (40-45,25)
65 (60-65)

1 month

465 (382,75-601,75)
1,56+0,42
14,42+4,65

74 (61,25-86,0)
20,37+6,45

1,52 (1,23-1,70)
0,99+0,07
56,77+18,6

117 (102-136)
141,5+24,6
11,27+3,35

31,5 (28,6-35,2)
115,71£7,28
30,09+4,63
32,246,51
32,5+6,51
25,9+5,85
31,25%6,50
28,9£719
37,5£7,35

40 (39,25-49,25)
36,5 (34,5-40,0)
60 (56,5-62,75)
23,5+1,96
13(12-14
34,6+4,02

28 (26,5-31)

42 (40-45,25)
65 (60-65)

Transthoracic Echocardiography and Cardiopulmonary Exercise Testing
at Baseline and After Transcatheter Closure of Atrial Septal Defect (n=22)

p

0,002
0,011
0,415
0,013
0,014
0,015
0,149
0,016
0,273
0,919
0,041
0,404
0,957
0,166
0,259
0,417
0,005
0,582
<0,001
0,002
<0,001
0,001
<0,001
0,289
0,791
0,609
0,060
0,792
0914

Table 2

Abbreviations: EF — ejection fraction, LA — left atrium, LVESD — left ventricle end-systolic diameter, LVEDD — left ventricle end-diastolic diameter, PAPs — pulmonary
artery systolic pressure, RA — right atrium, RER — relative exchange ratio, RV — right ventricle, TAPSE — tricuspid annular plane systolic excursion, Tri S — tricuspid annular
systolic velocity, VE — ventilatory efficiency, VO, max — maximal oxygen consumption, VCO, — production of carbon dioxide, VE/VCO, — ventilatory equivalent for CO,, VE/

VO2 — ventilatory equivalent for 02, VO2 AT — oxygen consumption at anaerobic threshold, min — minutes.

40
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Baseline VO, max

A

I
Month 1
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[e]

I
Baseline VO, max

I
Month 1

Figure 1. Box-plot representations of maximal VO2 (ml/kg/min) at baseline and 1 month after procedure in transcatheter (A) and minimal invasive surgery (B) groups.
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Transthoracic Echocardiography and Cardiopulmonary Exercise Testing

at Baseline and After Surgical Closure of Atrial Septal Defect (n=21)

Table 3

Baseline
Exercise time 482 (440-550)
VO2 (L/min) 1,6+0,45
VO, AT (ml/kg/min) 18,3%716
VO, AT% 84 (70,0-97,5)
VO, max (ml/kg/min) 22,6+5,57
VCO, (L/min) 15 (1,25-2,04)
RER 1,00£0,09
VE (L/min) 51,8+11,3
HR AT (beats/min) 139 (124,5-153,5)
HR peak (beats/min) 1531154
O2 Pulse 10,1£3,14
VE/VCO, slope 30,4 (27,7-32,6)
PETO, 113,746,6
PETCO, 32,0+£3,97
VE/VO2 29,9+4,07
VE/VCO, 29,9+344
VE/ VO2 AT 25,9+4,19
VEVCO2 AT 28,6+4,11
PAPs 38,9+8,12
RA1 42,5%6,33
RA2 50 (45-55)
RV1 44 (36-475)
RV2 68 (66-74,5)
TAPSE 23,9349
TriS 13 (12-15)
LA 32,7+4,01
LVESD 25,0 (23-28)
LVEDD 41 (39-45,5)
EF 65 (65-65)

1 month p
491(419,5-580) 0,940
1,43+0,42 0,013
16,56+5,57 0,141
81(71-92) 0,687
19,9+511 0,006
1,46 (1,07-1,79) 0,117
1,020,078 0,312
48,1¥12,4 0,069
125 (107-141) 0,028
143,3+19,9 0,003
16,6+30,6 0,331
29,9 (271-31,4) 0,192
114,3+7,86 0,662
31,3+5,89 0,523
29,9+4,78 0,976
29,16+3,98 0,326
26,44+5,56 0,763
28,68+4,31 0,990
27,28+5,93 <0,001
36,6+6,46 <0,001
42 (38-46,5) <0,001
37 (33-40) 0,002
63 (58-69) 0,001
16,71£3,57 <0,001
10,0 (10-11) <0,001
33,52+4,61 0,420
25,0 (23-28) 0,560
43 (41-45,5) 0,432
65 (60-65) 0,066

Abbreviations: EF — ejection fraction, LA — left atrium, LVESD — left ventricle end-systolic diameter, LVEDD — left ventricle end-diastolic diameter, PAPs — pulmonary
artery systolic pressure, RA — right atrium, RER — relative exchange ratio, RV — right ventricle, TAPSE — tricuspid annular plane systolic excursion, Tri S — tricuspid annular
systolic velocity, VE — ventilatory efficiency, VO, max — maximal oxygen consumption, VCO, — production of carbon dioxide, VE/VCO,— ventilatory equivalent for CO,, VE/
VO2 — ventilatory equivalent for 02, VO2 AT — oxygen consumption at anaerobic threshold, min — minutes.

was 472,2+132,3 in preoperative surgery group and
409,91108,3 in another group.

Data obtained by TTE and cardiopulmonary exercise
testing at baseline and 1 month after the procedure are
summarized for two groups in Table 2 and 3.

Transcatheter closure group. There was a significant
improvement of physical capacity after 1 month following
the procedure documented by exercise time, VO2 max,
VOZ, VE (minute ventilation), and O2 pulse (Table 2,
Figure 1A). CPET at first month after the procedure
demonstrated longer exercise time (405 (350-495) vs 465
(382,75-601,75) second p=0,02), increased maximal
oxygen consumption (18,78 6,00 vs 20,37+6,45 p=0,014),
increased VE from 50,45+17,44 to 56,77£18,6 L/min
(p=0,016). And also, O, pulse (VO,/HR) increased
significantly from 10,43£2,54 to 11,27£3,35 ml

(p=0,041). VE/VCO2 slope which is important for
prognosis didn’t change in both groups. Heart rate (HR)
at anaerobic threshold decreased in both groups. Right
atrium, right ventricle, pulmonary artery pressure
decreased after transcatheter closure significantly as
expected. Tricuspid annular plane systolic excursion
(TAPSE) and tricuspid lateral annular systolic velocity
(Tri S) were not changed but were both in normal range.
There was no difference in left ventricular ejection
fraction in either group. One patient in transcatheter arm
had acute atrial fibrillation postoperatively and returned
to sinus rhythm spontaneously.

Surgery group. Cardiopulmonary functional exercise
and echocardiographic parameters before and 1 month
later are shown in Table 3. Exercise time increased but it
didn’t reach statistically significance. VO2 max decreased
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Table 4

Comparison of changes in CPET and echocardiographic parameters
in the surgical and transcatheter groups at 1-month follow-up

MICS group
VO, (L/min) -0,17+0,28
VO, AT (ml/kg/min) -1,78%5,32
VO, AT% 0,00 (-9,0 — 6,0)
VO, max (ml/kg/min) -2,67+3,98
VCO, (L/min) -0,10 (-0,30 — 0,06)
0O, Pulse 6,43+29,58
VE/VCO, slope -0,87+3,48
PETO, 0,95+9,29
RA1 -5,86+4,0
RA2 -70(-10,0 —-4,0)
RV1 -4,0 (10,0 — -2,0)
RV2 -8,0 (-10,0 — -4,0)
TAPSE -719+4,85
Tri S -3,0(-5,20 — -1,0)

Transcatheter closure p
0,13+0,21 <0,001
-0,643,61 0,419
-70(-12,0 — 0,0 0,145
1,59+2,77 <0,001
0,15(-0,03 — 0,35) 0,005
0,84+1,80 0,381
0,92+4,63 0,160
-0,10+8,05 0,706
-3,82+4,94 0,146
-3,0(-50—-2,0) 0,100
-4,0 (-6,0 — -0,0) 0,341
-4,0 (-50 — -2,0) 0,025
0,82+3,53 <0,001
0,0 (0,0-0,0) <0,001

Abbreviations: RA — right atrium, RV — right ventricle, TAPSE — tricuspid annular plane systolic excursion, Tri S — tricuspid annular systolic velocity, VE — ventilatory
efficiency, VO, max — maximal oxygen consumption, VCO, — production of carbon dioxide, VE/VCO, — ventilatory equivalent for CO,, VO, AT — oxygen consumption

at anaerobic threshold, min — minutes.

from 22,6%5,57 to 19,945,11 ml/kg/min (p=0,006)
(Figure 1B). In accordance with this, TAPSE (23,9+3,49
vs 16,71£3,57 p<0,001) and Tri S (13 (12-15) vs 10,0 (10-
11) p<0,001) significantly decreased. Worsening of the
right ventricle function can explain the deterioration of
CPET parameters in surgery group. Right heart diameters
and PAPs declined meaningfully. 1 patient underwent to
reoperation for pericardial effusion in MICS group and the
follow up was uneventful.

Table 4 compares the changes in CPET and echo-
cardiographic parameters in surgical and transcatheter
groups at 1-month follow-up. There were significant dif-
ferencesin VO2 max and right ventricle parameters between
the surgical and percutaneous groups.

Discussion

This prospective study provides evidence that VOzmaX,
which is an important indicator of exercise capacity, is
increased in transcatheter closure arm 1 month after
closure. On the contrary cardiopulmonary and right
ventricle functions were decreased in MICS group at first
month evaluation. This reduction can be explained by the
fact that one month is too short to recover from surgery. At
first month, the general condition of the patients in
surgical group was good and wound healing was achieved
due to having minimally invasive surgery. Symptomatic
improvement was seen in all patients and the follow-up
period was uneventful. Exercise time was also increased in
surgery group, but was not statistically significant. These
results suggest that cardiopulmonary exercise functions
may be better in the surgical group if the exercise test was
performed 6 months or 1 year after surgery. The lack of

increase in VO2 max at first month does not translate to
absence of improvement in ASD patients undergone
surgery. Furthermore, left ventricle and left atrium
diameters increased non-significantly after closure or
surgery, due to increased volume loading of the LV, as well
as to an improved ventricular interaction. In our study
ASD size and Qp/Qs were greater in MICS group which
may cause bias; however, in order to avoid bias, we
compared the groups among themselves and compared the
changes between both groups.

Currently the transcatheter closure of ASD is common
practice. Its main advantages are, absence of a surgical
scar, shorter hospitalization time and being able to avoid
general anesthesia [10, 11]. Study results of Komar M, et
al. demonstrate that device closure of ASD in the elderly is
technically easy, safe, and has minimal complications [12].
However, complications associated with this procedure for
atrial septal defects have been reported including device
embolization, thrombosis, device malposition, and
cerebrovascular events. In a previous study including 30
patients, it was shown that transcatheter closure was safe
and effective treatment for atrial septal defects and could
be an alternative option to open heart surgery [13].
Additionally, echocardiographic data demonstrated a
decrease in right ventricular and right atrium area,
suggesting that atrial septal occlusion improved volume
overload of the right heart [13]. In a recently published
meta-analysis of Mylonas KS, et al., authors concluded
that MICS constitutes a viable alternative to transcatheter
repair and should be considered as an option for
hemodynamically significant ASDs [14]. According to
data published in 2018 by Prochownik P, et al.,
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improvement of right heart chambers was observed already
after 1 month following the transcatheter procedure. At
24-month follow-up higher maximal oxygen consumption
was evident [15]. In contrast, Helber U, et al. observed an
increase in VO2 max only after 10 years, and no notable
effects within the first 4 months in ASD patients undergone
surgical closure, as in our study [16].

Several trials indicated a significant reduction of
PAPs and improvement of exercise capacity after
correction of ASD. In patients with elevated pulmonary
vascular resistance and irreversible damage to the
pulmonary arterioles might prevent the improvement of
postoperative exercise capacity in patients with left to
right shunt and high pulmonary arterial pressure. In a
study of Kobayashi et al. there was a significant negative
correlation between Qp:Qs and peak VO2, besides that
exercise capacity in patients with large left-to-right shunt
increased after surgical closure of ASD (mean 4,6%£2,0
months) [17].

In transcatheter ASD closure group Dhillon R, et al.
observed improvement of right ventricular functions
6-12-months after ASD closure [18]. In most patients the
size of right heart chambers returned to normal in a
24-month follow-up, which was also shown in a study of
Zhong-Dong ZD, et al. [19]. Stephensen SS, et al. said
that elderly patients with diastolic dysfunction, larger
shunts and sedentary people may need longer time to
adapt to the new physiology; furthermore, patients with
smaller shunts in their transcatheter closure series had
larger improvement in predicted exercise capacity [20].
Santos M, et al. demonstrated the presence of distinctly
abnormal RV and pulmonary vascular responses to exercise
in a subset of patients after successful ASD closure, despite
normal resting hemodynamics [21]. In another study ASD
closure led to a significant reduction in stress-induced
pulmonary hypertension and right heart diameters
indicating reverse RV remodeling but the VO, max did not
change after ASD closure [22]. Takaya Y, et al. evaluated
short- and long-term benefits of transcatheter closure of
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