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Diagnostic aspects in surgical treatment of Fallot-type DORV
(Differential diagnosis)
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In the article, in respect of the comparative aspect, there are considered data of non-invasive general clinical
diagnostic methods, as well as angiography in patients with adjacent heart defects as tetralogy of Fallot and double
outlet right ventricle (Fallot-type). 196 patients with Fallot-type DORYV were included in the first group and 124
patients with tetralogy of Fallot — in the second comparative group. The results of general clinical diagnostic methods
had descriptive form. The gold standard for differential diagnosis is the echocardiographic study, which, when using
the original method, showed the high reliability of differential diagnosis of Fallot-type DORYV.
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Since 1939, when Farber and Harris excluded double
outlet right ventricle from the TGA classification [1],
but this defect became an individual nosological entity.
Considering DORY in this aspect, it should be pointed to
the diversity of clinical picture in patients with different
variants of this defect. Due to this “marginality” of the
defect [2], clinical picture can be the same as for large VSD
or tetralogy of Fallot, or transposition of the great arteries.
Regarding Fallot-type DORYV, according to all anatomical
signs, except transposition of the great arteries, it is similar
to its “adjacent” defect — tetralogy of Fallot [3]. Thus, the
criterion of determination of this defect is unclear and “rule
50%” remains the non-objective basis for establishing the
diagnosis, especially when it concerns tetralogy abnormality
variant [2,4, 5]. Inthis study, we want to assess our experience
in diagnostics of this variant of double outlet right ventricle.

Study objective. To define the most indicative differential
signs of Fallot-type DORV.

Material and methods. Since 1991 to 2016, in a
retrospective way, we studied data of 196 patients with
Fallot-type DORY, who were allocated to the first group
and 124 patients with tetralogy of Fallot, who were allocated
to the second comparative group. Therefore, the main
study group included 196 patients with Fallot-type DORY,
among whom, male patients were 123 (62.7%), and female
patients — 73 (37.3%). Determination of Fallot-type DORV
was based on “rule 50%”. Clinical examination of patients
consisted of studying the subjective and objective data.
Subjective part of the examination included history taking
and complaints of the patients at first hand from their words
and their close relatives (more often from parents).

The objective part of the examination included such
general clinical methods as ECG registration, X-ray chest

examination, and echocardiography (ECG). From 2000
to 2016, we used our own method of echocardiographic
diagnosis of the concerned defect. This method was patented
by us (patent No. 20021210762).

Catheterization of the cardiac cavities and
angiocardiography were conducted using the standard
method with the rate of 50-80 frames per minute.
This method of examination, being interventional and
complicated, was not used in all cases. It was performed in
70 (35.7%) cases only.

Results and discussion. Determination of double outlet
right ventricle is still unclear. Specifically, morphological
diversity did not allow highlighting this defect as an
individual nosological entity for a long time. The question
that has to be answered is — how should we differentiate
this defect from its “adjacent” tetralogy of Fallot in the
most accurate way? Term “adjacent”, according to our
reckoning, is justifiably used in this case, as according to
data received from literature [2, 4, 5] and as seen from our
observation, overriding of aorta over interventricular septum
in 40% or in 60% is presented by similar symptoms and
data of the examination. In general, in the determination
of this pathology as an individual nosological entity, many
authors understand term “DORV” as an abnormality of
ventricular-arterial connection, in which both great vessels
originate wholly or in large part from the right ventricle [6].
Revolution in terminological understanding was made by
Dr. J. W. Kirklin when he proposed a famous “50% rule”.
It says that if one great artery arises wholly or nearly so from
the right ventricle(RV) and other more than 50% from it,
the condition us termed DORYV [2]. The main anatomical
factor of double outlet right ventricle, in these cases, is the
relationship of the great vessels with structures of the right
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Table 1

Subjective and objective signs in patients with DORV
(Fallot-type) and TF

Tetralogy of Fallot
Signs DORV (n=196) (n=124)
Subjective signs
Dyspnea 178/36"* (90.8%) 115/24* (92.7%)
Rapid 196 (100%) 124 (100%)
fatigability
Tachycardia 105 (53.5%) 56 (45.2%)
Squatting 36 (18.4%) 9 (7.2%)
Syncope 28 (14.3%) 22 (17.7%)
Objective signs
Cyanosis 189/57* (96.4%) 116/21* (93.5%)
Nail clubbing 104 (53.1%) 57 (45.9%)
Functional state
of patients
NYHA | 12 (6.1%) -
NYHA II 81 (41.3%) 35(28.2%)
NYHA Il 98 (50%) 67 (54%)
NYHA IV 5(2.6%) 22 (17.7%)

Notice: ** — dyspnea at rest, ¥ — acute cyanosis

ventricle and ventricular septal defect, which is the only
outflow from the left ventricle [5]. We obtained data during
the examination and the use of such general diagnostic
methods, such as the ECG study or X-ray examination,
which did not satisfy our question. They showed that
patients with Fallot-type DORYV have a more severe clinical
course. So, they serve especially for a description of the state
of patients.

To define the most optimal differential criteria for
Fallot-type DORY, there was conducted the evaluation of
examination data Data presented in Table 1 highlight the
similarity of the clinical picture in both heart diseases.

However, even according to these data, it can be
specified that the state of patients with Fallot-type DORV
at admission was more severe.

In accordance with the data obtained with the help of
laboratory examination methods, expression of hypoxemia,
which we considered according to hemoglobin content and
arterial oxygen percent saturation (Sa0,) revealed to be
reliably higher in the second group. Thus, blood saturation
in Fallot-type DORYV, in average, was 82.3+8.7% and
revealed itself as reliably lower than in tetralogy of Fallot
(88%7.02; p<0,001), while hemoglobin content was higher
(161£28.6 g/L versus 139.6%£23.3 g/L; p<0.001). These data
can show only impliedly that due to Fallot-type DORYV at
the level of ventricles, there is larger mixing of arterial and
venous blood, associated with the acute drift of cone septum
to the right [2].

X-ray examination of heart in the spectrum of
instrumental and diagnostic measures was also ineffective.

Table 2

Values of the cardiothoracic index in both groups
Tetralogy of Fallot-type

Degrees of heart Fallot DORV

enlargement (n=124) (n=196)

Norm 87 (70.1%) 72 (54.9%)

Cardiomegaly 37 (29.9%) 44 (33.6%)

Significant cardiomegaly - 15 (11.5%)

According to cardiothoracic index, values of which are
presented in Table 2 demonstrated the degree of heart
enlargement and myocardial decompensation.

Results of electrocardiography in these groups were
insignificantly different (Table 3). However, in patients with
Fallot-type DORY, in the first group, there were observed
cases of arrhythmia with a lower incidence or even absence.

To determine the anatomy of the defect and its
differential diagnosis, the most reasonable is the use of such
instrumental diagnostic methods as echocardiography and
angiography.

Thus, the characteristics of VSD play a huge role in the
adequate correction of the defect in both groups [2, 7]. Its
anatomy in both groups of patients, in most cases, was similar.
Data characterizing ventricular septal defect (VSD), one of
the components of the defects, are presented in Table 4.

As Tables 4 demonstrated in both groups, ventricular
septal defect had subaortic localization. In 23 (11.7%) cases,
among patients with Fallot-type DORY, its localization was
doubly committed, that correspond to data received by
Griffin M. L. etal. and Hara Y. et al. [8, 9]. However, we do
not deny that this localization of the defect can be present in
tetralogy of Fallot, which was observed in a series of patients
examined by Vargas E J. et al. [10]. Size of VSD, which in

Table 3
Results of ECG in Fallot-type DORV and tetralogy of Fallot
Variants Tetralogy of Fallot Fallot-type
(n=124) DORV (n=196)

No hypertrophy 10 3

RV hypertrophy 114 187

LV hypertrophy - 13
Ventricular hypertrophy - 13

Rhythm and conductivity disturbance

Lower-atrial - 9
Supraventricular ) 6
tachycardia

Wandering pacemaker - 3
Extrasystole - 24
Ciliary arrhythmia - 1
Incomplete RBBB 7 36

AV block - 12
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Table 4

Characteristics of VSD

Tetralogy of Fallot-type

Characteristics of Fallot DORV

VSD (n=124) (n=196) p

Localization of VSD
Subaortic 124 (100%) 173 (88.3%)  <0.005
Doubly committed 23 (11.7%)
Size of defect

@VSDz@aorta 124 (100%) 168 (85.7%) <0.0001
@VSD<W@aorta 28 (14.3%)

the case with DORY, is the only lead from the left ventricle,
has a large importance in performing the intraventricular
tunneling. Thus, restrictive VSD expresses itself as subaortic
stenosis prior to operation, aggravating the state of patients.
The need in its extension increases surgical risk in many
times during operation [2]. Data from Table 4 demonstrates
that in the presence of tetralogy of Fallot, the diameter
of the defect had an optimal length in all cases, whereas
in the presence of Fallot-type DORY, it was smaller than
diameter of the aorta in 28 (14.3%) cases. Such incidence
of a restrictive ventricular septal defect in the pathology
studied by us coincides with data obtained by Mauran P. et
al., although they notice rareness of combination of such
anatomy of the ventricular septal defect and right ventricular
outflow tract obstruction [11].

The last one is the further anatomical component of
the defects in both groups. Pulmonary artery stenosis is
divided into three types. Characteristics of RVOT stenosis
are presented in Table 5.

As Table 5 showed, in both study groups of patients, there
were observed all three types of pulmonary artery stenosis. It
should be noted that, although such indicators, as pressure
gradient between the right ventricle and pulmonary artery
and Nakata index were “closer” to the norm in the second
group, expression of hypoxemia was higher in the same cat-
egory of patients. This fact talks of more pronounced mix-
ing of arterial and venous blood at the level of ventricles in
patients with Fallot-type DORYV. From the point of view of
a surgeon, the high frequency of the infundibular and mixed
type of obstruction of RVOT obstruction in these groups,
is of interest to the anatomy of the coronary arteries in this
area [12]. Wilcox B. R. et al. subdivided abnormalities of the
CA observed in these patients into 3 variants [13]. Table 6
presents variants of abnormalities of the coronary arteries,
which were found in our study.

Data of the table show that abnormalities of the coro-
nary arteries are observed in both groups. Group of the pa-
tients with Fallot-type DORYV is distinguished by a higher
incidence of this abnormality (p<0.01) and its diversity.
These data consist with data obtained by Gordillo L. et al.
[14], which the author explains as the embryological devel-

Table 5

Types of pulmonary artery stenosis in tetralogy of Fallot and
Fallot-type of DORV

Tetralogy of  Fallot-type of
Fallot (n=124) DORV (n=196) P
Ventricular SP 9 (7.2%) 7 (3.5%)
Infundibular SP 37 (29.8%) 35 (17.8%)
Mixed SP 78 (62.9%) 154 (78.5%)
PA gradient 85%7.1 77.1£20.7 <0.0001
PA index (Nakata) 164+80.4 225%119.03  <0.0001

Table 6

Variants of abnormalities of the CA according to the groups
of patients

Tetralogy of Fallot Fallot-type DORV p

(n=124) (n=196)
Conus artery 2 (1.6%) 12 (6.1%) <0.01
ADA from RCA 4 (3.2%) 17 (8.4%) <0.01
ADA from
the right aortic - 3(1.5%) -
sinus
Total 6 (4.8%) 32 (16.03%) <0.01

opment of heart with this pathology. This is also connected
with the high incidence of concomitant defects in DORYV
[2] (Table 7).

Table 7

Concomitant defects in DORV (Fallot-type) and tetralogy of
Fallot

Tetralogy of  Fallot-type
Fallot DORV

Concomitant defects (n=124) (n=196)
Multiple VSD 3 6
PDA 2 14
PA atresia - 3

LV hypoplasia - 6
Dextrocardia - 7
Left SVC - 6
TV stradling - 1

RV or LV hypoplasia - 2

ASD 6 40
Mitral insufficiency - 3
Tricuspid insufficiency - 8
Subaortic stenosis - 9
1
4

Hypoplastic aortic arch -

Partial anomalous pulmonary -
venous connection

Aortic insufficiency - 4
Total 11 (8.9%) 114 (58.1%)
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Figure 1. Echocardiogram of patient H. with DORV (Fallot-type).
The VSD margin is indicated by an arrow

It should be mentioned that since the first description
of this abnormality, it was proposed that a few variants of
its differential diagnosis from tetralogy of Fallot, with the
use of such anatomical “markers”, as the absence of mitro-
aortal contact or ventricular cone [15]. However, results
of examination of patients showed that the absence of
mitral aortal fibrous contact and ventricular cone occurred
in the group of patients with DORV (Fallot-type) and,
correspondingly, in 83 (42.1%) and 67 (34.2%) cases.
Perhaps their use for distinguishing these defects would be
appropriate with the greater frequency of their occurrence
in our patients. Our data are approved by the results of the
examination and other scientists [16].

At present, a well-recognized criterion of DORYV remains
“50%rule” [2]. However, as it was indicated by Y. Lecompte,
it preserves a large share of relativity [ 16]. Thus, a cardiologist-
surgeon can simulate DORV in the outlet of cardiac structures
in the incorrect project. Since 2002, we used a new method
of ECG diagnostics, which allowed objectifying this rule by
mathematical computation of the degree of drift of aortic ring
to the right-ventricular side over the VSD (Figure 1).

Results of this method are presented in Table 8.

Table 8 showed that drift index in tetralogy of Fallot was
less than 1 and reliably differed from OI in Fallot-type DORY,
which was more than 1. The degree of drift of aortal valve over
VS in all cases with tetralogy of Fallot was less than or equal
to 50%, whereas in all cases with Fallot-type DORY, it was
more than 50%. Results of this examination were approved by

Table 8
Overriding index in DORV (Fallot-type) and TF

Overriding index Degree of overriding

Tetralogy of Fallot 0.92+0.15 47.4*4.8
DORY (Fallot-type) 2%0.59 65.6%6.05
p <0.0001 <0.0001
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Figure 2. Regression equation obtained by least square method
appeared as:
Degree of overriding = -5.0711*DI2+33.076 DI+21.443
The correlation coefficient of model values with original values
is equal to R=0.9993 (p<0.0001)

intraoperative data. Dependence between these two indicators
appears in the form of the approximating curve (Figure 2).

Figure 2 demonstrated differences in ranges, in which
Ol is observed in the presence of tetralogy of Fallot and
Fallot-type DORV. It follows that the use of this diagnostic
method allows us to distinguish reliably double outlet right
ventricle and tetralogy of Fallot, whereupon it was impossi-
ble to do on the basis of other anatomical peculiarities of the
defect studied by us. Establishing accurate diagnosis and ac-
knowledgment of anatomical peculiarities give a surgeon an
opportunity to choose the most optimal tactics of surgical
treatment, which immediately reflects even on its results.

Conclusion. This study was based on retrospective
analysis of data of a large cohort of patients with Fallot-
type DORYV and patients with tetralogy of Fallot. Com-
parative analysis showed the clinical picture in both car-
diac defects are similar. However, the functional state of
patients with DORYV when admission is the most severe.
Similarly, in these patients, there was reliably detected
a larger number of concomitant cardiac defects. Non-
invasive methods of examination, except ECG, revealed
as non-informative. ECG and angiocardiography allow
us to define reliably anatomical peculiarities in DORYV.
Therewith, anatomical markers of this defect, in par-
ticular, the absence of mitral aortal fibrous contact and
ventricular cone, were detected, correspondingly, in 83
(42.1%) and 67 (34.2%) cases. Our original method of
diagnostic ECG demonstrated the high reliability of dif-
ferential diagnostics of Fallot-type DORYV.
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Successful repair of double-outlet right ventricle (SDL)

[iarHocTUYHi acnekTu B XipypriyHoMy NliKkyBaHHi NOABIMHOro BiAXOAXKEHHSI MariCTpanbHUX CYAUH
BiZ, NPaBoOro WAyHOYKa TeTpagHoro Tuny (AudepeHuianbHa AiarHOCTUKA)

Kapimos 0. X.}, Cipomaxa C. 0.2, A3topiii . B.2, Abpanos X. K.}, JlazopuwmHeLb B. B.2

1 Pecny6nikaHCbKMI crieLianizoBaHuit LeHTp Xipyprii iMeHi akapemika B. BaxinoBa (TawkeHT, Y36eKucTaH)
2 1Y «HauioHanbHWI iHCTUTYT cepLeBO-CyaMHHOI Xipyprii iMmeHi M. M. AMocosa HAMH Ykpainu» (Kuig)

IloasiitHe BimxomkeHHs MaricTpajdbHUX cyauH Binm mpasoro nuryHouka (IIBMC Big I1II) — me ckiamgHa BpomkeHa
Baja ceplis, sSIKa € OIHI€I0 3 Ball i3 MOPYIIEHHSIMU PO3BUTKY BEHTPUKYJI0apTepialbHOTrO 3B’ 3Ky cepiisd. HeoOxigHo Bin-
3HAYUTH PiZHOMAHITHICTh KJIiHiYHOI KApTUHM Y MALli€HTIB i3 pi3HUMU BapiaHTaMM Ili€i Baau. BHaCIiIOK «rpaHUYHOCTi»
i€l Bagu KJIiHiYHA KapTHUHA MOXe OYTH Takolo camolo, ik npu Beiaukomy JIMIIITI, tetpami ®ajro abo TpaHCTO3MIIiT
MmarictpasibHUX cyauH. PosrnsmyBanuii Hamu TerpagHuii Bapiant [IBMC Bin IMTLI 3a BciMma aHaToMiyHMMU 03HaKamu (3a
BUHSTKOM BiIXOIXKEHHSI MariCTpajJbHUX CYAWH) MOAIOHMUIA 10 «CYMiXHOI» 3 HUM Bagu — tetpanu Pasmio. Tak, goci He-
SICHUM € KpUTepiii BU3HAUCHHS 1Iiel Baau, i «mpaBuiio 50%» 3anuilaeTbcsl HE06’ EKTUBHOIO TiICTABOO JIsI TOCTAHOBKU
NliarHO3Y, 0COOJIMBO SIKIIIO 1I€ CTOCYETHCS TETPAIHOTO BapiaHTy aHOMaJTil.

Y upomy mociimkeHHi OyB MpoaHali30BaHMWI Halll TOCBiA Y JiarHOCTULII TaHOTO BapiaHTy MOABIMHOIO BiIXOMXKEHHS
MaricTpaJibHUX Cy[IVH BiJl TpaBOro IUTyHOYKa. METOo0 TOoCIiIkKeHHS 0yJ10 BUSHAYMTH HAOLIbII MOKa30Bi AudepeHiaab-
Hi 03HaKW MOJBIMTHOTO BiIXOXKEHHS MariCTpaJibHUX CYAMH BiJl TPaBOTo 1LJYHOUKA TETPAIHOTO TUITY. PeTpocnieKTMBHO
Oynu mipoaHaiizoBaHi maHi 320 manieHTiB. 3 Hux 196 nanienTi i3 [IBMC Bix ITIII TeTpagHOTO TUITY BBIMIIIIN D0 TIEPIIOi
rpynu, a 124 nmauieHTiB i3 TeTpagow Pajuio cKiiaau ApYry MOPiBHAIbHY rpymy. Y MOPiBHUIBHOMY aCIeKTi IPeACTaBIeHO
NaHi HeiHBa3MBHMX 3araJIbHOKJIiHIYHMX METOMiB TOCIiIKEeHHsI, exoKapaiorpadii Ta aHriokapaiorpadii. Ik mokasano 10-
CITiKEeHHsI, pe3yJAbTaTh 3arajlbHOKJIiHIYHUX METOIB JOCiIKEHHSI MaJli OMTMCOBUIA XapakTep. 30J0TUM CTaHAAPTOM IS
nudepeHIlialbHOI 1iarHOCTUKH CITYTYE exoKapaiorpadiuHe JOCiIKEeHHsI, SKe TTPU 3aCTOCYBaHHI OPUTiHAIBHOT METOTUKH
MoKasajo BUCOKY BiporigHicTh nudepeHiianbHoi fiarHoctuku [IBMC Bin [T terpagHoro tumy.

Karouogi caosa: eépodicena 6ada cepus, noosiiine 8i0X00%CeHH MAiCMPanbHux cyOuH 8id npagoeo WAYHoYKa, exoxapdio-
epaghisn, diaenocmuka, nediampuyHa Xipypeis.



