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Abstract
Aim. To analyze results of hemodynamic correction in surgical treatment of double outlet right ventricle (DORYV).

Materials and methods. For the period from January 1996 to September 2017, 31 (6.03 % of total number of patients
with DORYV) patients underwent hemodynamic correction of DORV. The age of the patients ranged from 1 to 19
years (71.2 £ 50.5 months on the average). The weight of the patients ranged from 9 to 41 kg (19.6 = 11.3 kg on
the average). Of these, 19 (61.3 %) were male patients and 12 (38.7 %) were female patients. The overwhelming
majority (25 (80.6 %)) of the patients were diagnosed with transposition-type DORV. The anatomy of DORYV with
non-committed ventricular septal defect was observed in 5 (16.1 %) patients. In one patient (3.1 %), the anatomy of
DORY (in the form of tetralogy of Fallot) was combined with tricuspid valve atresia.

Results. The main reasons of hemodynamic correction in 16 (51.6 %) cases was LV hypoplasia. In 2 cases it was
combined with tricuspid valve (TV) straddling, and in 2 cases it was an integral part of the unbalanced form of
complete atrio-ventricular communication (AVC). In one case (3.1 %), the unbalanced form of complete AVC was
combined with a mixed form of the common ventricle. The mixed form of the common ventricle was the reason of
hemodynamic correction in 9 (29 %) patients. In 2 (6.2 %) cases, hemodynamic correction was performed due to the
anatomy of the RV hypoplasia. In the remaining 2 patients, anatomy of the common ventricle was not diagnosed, but
a combination of other concomitant defects was a contraindication to biventricular correction. Palliative operations
(Blalock-Taussig shunt, BTS) as the first stage of correction were performed in 16 (51.6 %) patients. In 2 patients
with LV outflow tract obstruction, systemic-pulmonary anastomosis was applied in combination with plastic repair
of the great vessel roots using the proprietary technique for elimination of the left ventricular outflow tract (LVOT)
stenosis. Bidirectional cavopulmonary anastomosis (BCPA) was applied in 29 (93.5 %) cases. Of these, 4 (13.8 %)
patients subsequently underwent total cavopulmonary anastomosis (TCPA) procedure. Two patients with good
hemodynamic parameters underwent TCPA without prior palliative procedures.

Conclusion. Palliative surgery as the first stage to hemodynamic correction is accompanied by significant improvement
in hemodynamic parameters of patients. Application of BCPA as the second stage of hemodynamic correction
provides good results and is required to prepare the patient for TCPA. The long-term period is characterized by
improvement in the quality of life in patients with complex DORY. In the long-term period, 85.2 % of patients are
classified as NYHA FC I.
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Double outlet right ventricle (DORYV) is a complex con-
genital heart defect characterized by disorder of ventricu-
lo-arterial connection, where the two great arteries either
completely or preferentially originate from the right ventri-
cle [1]. Development of the disorder of ventriculo-arterial
connection is often accompanied by disorder of atrioven-
tricular connection and development of a number of con-
comitant heart defects [2], the most threatening of which
lead to hemodynamics of univentricular heart (UVH) [3].
Considering the fact that with this state of hemodynamics
one ventricle of the heart becomes its main “pump”, first
Glenn (in the 1960s) [4], and then Fontan and Baudet, who
amplified his idea while developing an option for correction,

noted the importance of the “primum non nocere” prin-
ciple (“first, to do no harm” in Latin) and introduced the
principle of the “passive pulmonary blood flow” using anas-
tomoses between vena cava and pulmonary artery [5]. The
use of this principle made it possible to avoid myocardial
damage, while maintaining systolic and diastolic functions,
integrity of the valve function and electrophysiology of the
heart. The principle of the proposed hemodynamic correc-
tion has been significantly improved over the last decade,
and it is now applied not only in case of single-ventricular
hemodynamics, but in some cases as part of “anatomical”
correction of other complex congenital heart defects [6].
Having extensive experience in the correction of complex
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DORY variants, in this study we would like to report our
results of hemodynamic correction in surgical treatment of
double outlet right ventricle.

Material and methods. For the period from January
1996 to September 2017, 530 patients underwent surgical
treatment of DORYV at the Cardiovascular Surgery Insti-
tute of the Academy of Medical Sciences of Ukraine and
the Republican Specialized Center for Surgery named af-
ter Academician V.V. Vakhidov. Of these, 31 (6.03 %) pa-
tients underwent hemodynamic correction of the defect.
The age of the patients ranged from 1 to 19 years (71.2 £
50.5 months on the average). The weight of the patients
ranged from 9 to 41 kg (19.6 £ 11.3 kg on the average). Of
these, 19 (61.3 %) were male patients and 12 (38.7 %) were
female patients. The general condition of the patients on
admission was assessed according to the NYHA classifica-
tion. Thirteen (37.1 %) patients were classified as NYHA
Class II and 19 (62.9 %) patients were classified as NYHA
Class III. In determining the defect, the generally accept-
ed “50 % rule” was used (1). The diagnosis was established
and the anatomical features of the defect were determined
based on comparison of data from 2-dimensional echo-
cardiography (Toshiba Aloka 380 scanner), angiocardi-
ography (Siemens-Elema apparatus), and data obtained
intraoperatively. The overwhelming majority (25 (80.6
%)) of the patients were diagnosed with transposition-type
DORYV. The anatomy of DORYV with non-committed ven-
tricular septal defect was observed in 5 (16.1 %) patients.
In one patient (3.1 %), the anatomy of the DORYV (by type
of tetralogy of Fallot) was combined with tricuspid valve
atresia. The main concomitant heart defects are shown in
Table 1.

Table 1
Frequency of concomitant defects

Types of defects DORV (TGA DORYV (circulatory

type) failure VSD type)
n=25 n=>5
PA stenosis 17 5

Right ventricle hypoplasia 3 -

Left ventricle hypoplasia 16 3
Mixed-type UVH 10 1
Atrial septal defect 17 5
Anomalous vena cava 3 1
return

AV valve straddling 4 1
PA atresia 3 1
Atrioventricular 3 2
communication

AV valve insufficiency 4 1
(grade 1-11)

Stenosis and hypoplasia of 2 -
the LV outflow tract

The function of the left ventricle (LV), AV valve insuf-
ficiency and sizes of the branches of the pulmonary artery
were evaluated based on the echo data. Subsequently, the
echo data were compared with those obtained with angi-
ocardiography which was performed in all patients. The
following hemodynamic parameters were determined to
decide on the surgical treatment tactics: blood saturation in
the arterial bed, Nakata index, pulmonary circulation (PC)
pressure, vascular resistance in the PC and functional car-
diac ventricle volume.

In 16 (51.6 %) cases, palliative surgery was initially per-
formed: in 13 patients, inter-arterial anastomosis was ap-
plied on the right, and 3 patients underwent pulmonary ar-
tery banding. Cavopulmonary anastomosis (Glenn proce-
dure) was performed in all the patients at the second stage.
In 13 (41.9 %) patients, Glenn procedure was performed
primarily. Total cavopulmonary anastomosis (Fontan pro-
cedure) was applied to 6 (19.3 %) patients, and, of these,
in 4 patients it was performed as the second stage after bi-
directional cavopulmonary anastomosis. In 11 cases, the
procedure was performed under conditions of aortic occlu-
sion. In the remaining cases, hemodynamic correction was
performed using auxiliary perfusion.

Standard statistical Statgraphics, STATISTICA version
6.0 (Stat Soft Inc. Tulsa, OK, USA) packs were used for sta-
tistical data analysis. Microsoft Office 10 pack was used for
the initial preparation of tables and intermediate calcula-
tions.

Results. DORYV is one of the most complex and mor-
phologically diverse congenital heart defects. In some cases,
a large variety of concomitant heart defects make it impos-
sible to perform bi-ventricular or radical correction of the
defect. According to Anderson R. H. [7], ventricular imbal-
ance is the main indication for a “single ventricular” cor-
rection. Its main causes are the presence of double-inflow
ventricle, atrioventricular valve straddling, unbalanced
atrioventricular septal defect and critical stenosis of the left
ventricular outflow tract at the stage of fetal development.
This combination, according to Olivier Villemain et al. [8],
is commonly observed in patients with DORYV with uncom-
mitted VSD. In our study, the proportion of patients with
anatomy of the “common ventricle” and DORYV with un-
committed VSD was 16.1 % (5 of 31 patients). Among the
patients with DORYV with transposition this was 13.7 % (22
of 159 patients). The main reasons for hemodynamic cor-
rection are shown in Table 1. Thus, in 16 (51.6 %) cases,
hemodynamic correction was reasoned by LV hypoplasia. In
2 cases, it was combined with the tricuspid valve (TV) strad-
dling, and in 2 cases it was an integral part of the unbalanced
form of complete atrio-ventricular communication (AVC).
In one case (3.1 %), the unbalanced form of complete AVC
was combined with a mixed form of the common ventricle.
The mixed form of the common ventricle was the reason for
hemodynamic correction in 9 (29 %) patients. In 2 (6.2 %)
cases, hemodynamic correction was performed due to the
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Table 2

Demographic and hemodynamic parameters of patients
before and after BTS

Before Glenn

Before BTS procedure
Parameter (n=12) (n=12) P value
Age (months) 18.2+11.1 289+9.6 <.0001
Weight (kg) 86%23 18.6+6.5 <.0001
Hb (g/L) 166.9 £ 339 161.6 + 25.7 n/a
Saa 0, (%) 770+12.1 81 %10.05 <.05
LV EDI (ml/m?) 21131 229+18 n/a
LVEF (%) 66 £10.1 68.7+9.4 n/a
PA diameter (mm) 62*14 8725 <.0001
RPA diameter (mm) 5.02+1.28 7327 <.05
LPA diameter (mm) 59+16 7723 <.001
Nakata index 14208 %682 2615+100.2 <.0001
(mm?/m?)
Presence of volume
of plasma circulation 5 (45.8 %) - <.0001

(VPQ) (%)

anatomy of the RV hypoplasia. In the remaining 2 patients,
the anatomy of the common ventricle was not diagnosed,
but a combination of other concomitant defects was a con-
traindication to biventricular correction. One of these pa-
tients aged 4 was diagnosed with DORYV with transposition
combined with PA stenosis and profound coronary arteries
in the right ventricle outflow tract. Another patient was also
diagnosed with DORYV with transposition and LA stenosis
but combined with severe LV fibroelastosis, which resulted
in reduced LV ejection fraction up to 36 %, followed by the
increase up to 54 % after hemodynamic correction (bi-di-
rectional cavopulmonary anastomosis (BCPA)).

20

Hemodynamic correction was first proposed as early as
in the 1960s [4], but the real heyday of “hemodynamic pro-
cedures” began in the 2000s. They took a rightful place in
the correction protocols of many congenital heart defects.

The most common staged “hemodynamic correction”
consists of three steps:

1. Palliative surgery. If pulmonary blood flow is poor,
systemic pulmonary anastomosis is applied. If signs of
high pulmonary hypertension are present, PA banding is
preferred.

2. The second stage is the “classic incomplete Fontan”
procedure, classic Glenn procedure, or application of
bidirectional cavopulmonary anastomosis. All of them
are intermediate to the third stage.

3. The third stage is application of total cavopulmonary
anastomosis (TCPA), or the classic Fontan procedure
[10].

Palliative procedures as the first stage of correction were
performed in 16 (51.6 %) patients. Application of Blalock-
Taussig shunt (BTS) in 13 (41.9 %) cases was mainly due
to hypoplasia of the pulmonary artery branches and early
age of the patient in combination with severe hemodynam-
ic abnormalities (severe hypoxemia and anoxic blue spells
(ABS)). Table 2 shows hemodynamic parameters of patients
before and after BTS application.

As may be seen from the Table, palliative procedures as
the first stage of hemodynamic correction seem to be effec-
tive. There is significant improvement in hemodynamic pa-
rameters (Nakata index and LA branch diameter) and the
patient’s condition. However, in this category of patients, the
procedure does not improve the functional ventricle volume
(LV in all patients). Aorto-pulmonary anastomosis was ap-
plied to all the patients on the right side, which affected the
diameter of the pulmonary artery on the right (see Fig. 1).

In 2 patients with the LV outflow tract obstruction, sys-
temic-pulmonary anastomosis was applied in combination

°r LPA - )

20
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Fig. 1. Distribution of the average values of the diameters of PA branches after the application of BTS on the right side
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Table 3

Demographic and hemodynamic parameters of patients
before hemodynamic correction

Before cor-  After correc-
rection tion
Parameter (n=31) (n=27) P value
Age (months) 71.2+£50.5 169.5+103.4 <.0001
Height (kg ) 19.6+113 38.2%125 <.0001
Hb (g/1) 1639 +13.7 1342%117 <.05
Sa_0, (%) 78 +10.05 86 £ 10.05 <.05
CV EDI (ml/m?) 65.4 +10.7 51272 <.001
CVEF (%) 55+41 537+34 n/a

Nakata index (mm?/m?) 234.5+52.2 230.5*48.3 n/a

Average pressure in PA 13+6.7 12643 n/a
(mmHg)

PA resistance (Wood 14+0.38 - -
unit)

Patient functional I1(18 (58 %)) Il (3 (11.1 %)) <.001
status (NYHA) I (13 (42 %)) | (24 (88.9 %)) <.001

with plastic repair of the great vessel roots using the pro-
prietary technique for elimination of the LVOT stenosis. In
3 cases, the pulmonary artery banding and atrioseptotomy
were performed in patients with the anatomy of the common
ventricle and DORV with transposition combined with high
pulmonary hypertension. These procedures were performed
in the early period after the birth of patients and diagnos-
ing them with this heart defect (in all patients before the
age of 1 month). This allowed to provide the second stage of
correction in these patients. A bidirectional cavopulmonary
anastomosis was applied to all patients during the period of
15 £ 3.4 months after the PA banding.

In our cohort of patients, bidirectional cavopulmonary
anastomosis was applied in 29 (93.5 %) cases. Of these, 4
(13.8 %) patients subsequently underwent total cavopul-
monary anastomosis (TCPA). TCPA was applied without
prior palliative procedures in two patients with good hemo-
dynamic parameters. Table 3 shows some demographic and
hemodynamic parameters.

The decision to apply BCPA was made if the following
criteria were met:

1. Favorable anatomy of the branches of the pulmonary

artery (Nakata index > 250 mm/m?).

2. Low resistance of the vascular bed of the pulmonary
circulation (Wood unit < 2).

. The patient was over 1 year of age.

4. Insufficiency of the AV valves of mild or moderate degree

(I or IT degree according to echo and ACG).

Total cavopulmonary anastomosis was indicated in cases
when the following criteria were met:

1. Favorable anatomy of the branches of the pulmonary

artery (Nakata index > 250 mm/m?).

W

2. Low resistance of the vascular bed of the pulmonary
circulation (Wood unit < 2).
. The patient was over 4 year of age.
. Absence of insufficiency of AV valves.
. Absence of anomalies of the vena cava return.
. Satisfactory function of the “common ventricle”.
Surgical treatment was performed in the overwhelming
majority (24 (68.5 %)) of cases under conditions of auxiliary
perfusion. In 11 (31.5 %) cases, the surgery was performed
under conditions of aortic occlusion. In 6 cases, when TCPA
was applied, and in 5 cases, when BCPA was applied, the aor-
tic occlusion was caused by the operative exploration of the
heart anatomy and formation of intra-atrial tunnel in the case
of the Fontan procedure. In 5 cases of BCPA application, the
pulsatile flow was left in the PC. According to Tjark Ebels et
al. [9], this tactic is more physiological, it prevents the de-
velopment of intrapulmonary shunts and allows patients to
survive the postoperative period more easily. Unfortunately,
we cannot confirm or deny this statement due to few similar
cases, but there is an ongoing study in this field.

In all cases of TCPA application, the classical scheme of
intra-atrial tunneling was used with fenestration remained.
According to the data from many researchers [10], fenestra-
tion make it possible to avoid lymphorrhea development in
the early postoperative period, as well as such complications
as atrial arrhythmias in the late period.

The duration of stay in the ICU was on average 5.1 *
3.9 days. The early postoperative course in 25 (71.4 %) pa-
tients proceeded with class I heart failure, and in 3 (7.6 %)
cases it proceeded with class I heart failure. Acute heart
failure was observed in 6 patients. There was an acute cer-
ebrovascular accident in one patient 2 weeks after the cor-
rection. In the early postoperative period, mortality rate was
8.5 % (3 cases per 35 corrections): 2 cases after BCPA and
1 case after TCPA. In one case, the patient was admitted to
life-saving surgery after IAA thrombosis; it was decided to
perform BCPA, although there was still hypoplasia of the
PA branches. Subsequently, this reason led to the develop-
ment of cavopulmonary anastomosis in this patient. In the
other case, the patient died due to circular myocardial in-
farction. In the third case, after initial application of total
cavopulmonary anastomosis, development of heart failure
was observed in the patient in early postoperative period.
The attempt to perform reverse anastomosis failed. Post-
mortem examination showed the development of sclerosis
in the vessels of the pulmonary circulation.

The long-term follow-up included 27 (84.6 %) of the
28 survived patients. The average duration of follow-up was
36.4 = 12.2 months (24 to 50 months). Condition of all pa-
tients was satisfactory. Twenty three (85.2 %) patients were
classified as NYHA FC I, and 4 (14.8 %) patients were clas-
sified as NYHA FC II. As may be seen from Table 3, the pa-
tients’ condition improved significantly after hemodynamic
correction of the defect. However, it should be noted that af-
ter the application of total cavopulmonary anastomosis the
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Pe3synbraTtn reMmoaMHaMi4yHOI KOpeKLii NOABIMHOIO BiAXOAXKEHHSI MariCTpanbHUX CYyAUH
BiJ MPaBOro WIyHO4Ka

Abpanos X. K.}, Kapimos 0. X.}, Cipomaxa C. 0.2, i3topiit |. B.2, Tpy6a 9. .2, lazopuwmHeLb B. B.2

1Y «PecnybnikaHCbKMit cnewianizoBaHMit HayKOBO-NPaKTUUHMI MEAMYHMIA LEHTP Xipyprii iMeHi akageMika B. BaxigoBay,
M. TalLKeHT, Y36ekucTaH
2NY «HauioHanbHWI IHCTUTYT cepLeBO-CyauHHOI Xipyprii iMeHi M. M. AMocoBa HAMH Ykpainu», M. Kuig, Ykpaina

Pesiome

Mera pocaimkents. OUiHUTU pe3yabTaTH 3aCTOCYBAHHS FeMOAMHAMiYHOT KOPeKIlii B XipypriYHOMY JIiKyBaHHi OBili-
Horo BimxomxeHHs MarictpaiibHuX cynuH (ITBMC) Bix npaBoro nutyHouka (ITLL).

Marepianu i meToau. 3a niepion i3 ciuns 1996 o Bepecenb 2017 poky B HICCX imeni M. M. AmocoBa HAMH Vkpai-
Hu i PCIIX imeni akagemika B. Baxinosa 31 (6,03 %) mauienty 3 npuBoay [IBMC Bin ITII BukoHyBaim reMogMHAMIYHY
Kopekilito Banu. Bik nmaitieHTiB KonvBaBcs Bia 1 10 19 pokis (y cepeannbomy 71,2 + 50,5 mic.). Bara xBopux — Big 9 1o 41 xr
(y cepemapomy 19,6 11,3 xr). 3 Hux 19 (61,3 %) nmauienTiB 6yau yososivoi ta 12 (38,7 %) xiHouoi cTati. Y nmepeBaxHO1
6ibimocTi (25 (80,6 %) martienTiB) niarHoctoBaHo TpaHcosumiiauii Tirm [IBMC Bin ITLL. ¥V 5 (16,1 %) — crioctepirana-
cst anatomist [IBMC Bix 11 3 HekoMiTyrounM IeeKTOM MiIXIITYHOUKOBOI eperopoaku. B 1 unanky (3,1 %) aHatomist
terpanHoro BapianTa [IBMC Bin 111 moeaHyBanacs 3 aTpesi€to TPUKYCIiIaIbHOTO KianaHa.

Pesynstatn Ta ooroBopenHs. OCHOBHiI TOKa3aHHs J0 TeMOIMHAMiuHOiI Kopekili HaBeneHi B Taomumi 1. Tak, y
16 (51,6 %) BumaaKax moKa3aHHSIM 10 FeMOAMHAMIYHOI KOPEKIIil cTasia rinoruiasis giBoro untyHouka (JIII). ¥ 2 Bunagkax
BOHA MOENHYBajacs 3i CTpamliHroM TpuKycninaiabHoro kianaHa (TK), a y 2 Bunankax — Oysia CKJ1aJ0BOI YaCTUHOIO He-
30alaHcOBaHOi (hOPMHU TTOBHOI aTPioBEeHTPUKYIIIpHOI KoMyHiKallii (ABK). B 1 Bunanky (3,1 %) He36amancoBaHa opma
noBHoi ABK noenHyBanacs 3i 3mitranoro ¢opmoto 3arajbHoro nutyHouka (31). 3mimana dopma 311 6yna mokazaHHIM
JI0 TeMOIWHaMiuHOiI Kopeklii B 9 (29 %) nauieHTiB. Y 2 (6,2 %) Bumnaakax anaromis rinorutasii ITII o6ymMoBuiIa reMo-
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nuHaMiuyHy Kopekiiio. Ille B 2 nmalieHTiB aHaTOMIl 3arajJbHOro LIJYHOYKA HE 1iarHOCTOBAHO, IIPOTE MOEAHAHHS iHIINUX
CYMYTHIX Ball CTaJIO MPOTUITOKA3aHHIM JI0 ABOLLIYHOUYKOBOI Kopekilii. [laniaTuBHI onepauii K mepuuii etan Kopekiii
oymu ripoBeneHi 'y 16 (51,6 %) nanieHTis.

Y 2 Bunankax y mnaii€eHTiB 3 oocTpyKui€eto BuximHoro Tpakty (BT) JILI HakmaneHHs] cCUCTEeMHO-JIETeHEBOTO aHACTO-
MO3y TIOETHYBAJIOCS i3 TUIACTUKOI0 KOPEHST MariCTpaJbHUX CYIMH 32 OPUTiHAJIBHOIO METOAMKOIO ISl YCYHEHHST CTEHO-
3y BTJIII. 3 ycix xBopux y 29 (93,5 %) Bumaakax Oy/J0 HakJIaAeHO IBOHAIMpPABICHUI KaBallyJIbMOHAIbHUI aHACTOMO3
(AKIIA). 3 Hux y momanbinoMy 4 (13,8 %) mauieHtam OyJIo HaKJIaIeHO TOTAJBHMI KaBalyJIbMOHAJbHUN aHACTOMO3
(TKITA). IBoM maiiieHTam 3 1o6pumMu reMonrHamMiynumu nokasHukamu TKITA 6yno HakiageHo 6e3 mornepeaHix maji-
aTUBHUX MPOLIEIYD.

BucHoBku. [laniaTuBHi onepaliii SIK mepImii eTamn 10 reMoIMHAMiYHOI KOPEKIIii CYyTTPOBOIKYIOThCSI TOCTOBIPHUM T10-
JIMIIEHHSIM TeMOAMHAMIYHUX MOKA3HUKIB Malli€HTIB.

Haxnanenns JKIIA sk mpyroro eramy reMOAMHAMWYHOI KOPEKIIil CYIIPOBOIKYETHCS XOPOIIMMH Pe3yJIbTaTaMu i €
HeoOXigHUM Jig ninroroBku nanieHta no TKITA.

BigmaneHnuii nmepion XxapakTepu3yeThesl MOJIMIIEHHSIM SKOCTI XUTTSI MaLi€HTIB 3i ckiamHowo (opmoro I[MBMC Bin
[TII. Y Bigmanenuit nepion 85,2 % nauieHTiB nepedyBaoTh y GyHKLIioOHaIbHOMY Kiiaci I 3a NYHA.

Karouoei caosa: epooicena éada cepys, nodeiiine 8i0x00xceHHs MazicmpaibHux cyOuH 8i0 npagoeo WAyHoYKda, exokapoio-
epaghis, diaenocmuka, oumsa4a xipypeis.
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