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Abstract. Determining hemodynamic significance of patent ductus arteriosus using echocardiographic data
prognostic tables. Kulikova D.A., Safonova I.N., Chumak L.I., Poddubnaya L.N. , Protsenko O.S., Dotsenko D.G.
The paper presents an analysis of echocardiographic data of patients with PDA having different hemodynamic
significance. Presently, the concept of “degree of hemodynamic significance” remains controversial. Criteria for
determining the hemodynamic significance of PDA in term infants are not described. In our work, we used a
classification of three degrees of hemodynamic significance: non-hemodynamically significant PDA — insignificant,
moderately hemodynamically significant — moderately significant and large PDA — hemodynamically significant PDA.
Aim — to work out an algorithm for determining the degree of PDA hemodynamic significance for prediction of its
Sfurther development. The study involved children under 18 years old (80% of them — children under 3 years old) who
were examined in the cardiac surgery department of the SI “IGUS n.a.V.T. Zaytsev NAMS of Ukraine” during 2013-
2017 yy. Gestational age (from 37 weeks), the presence of left to right PDA shunt, absence of a ASD shunt and other
congenital heart defects served as enrollment criteria for the trial. Two prognostic tables were formed with the main
criteria for determining hemodynamic significance of PDA by the sum of the signs according to gradations
(insignificant, moderately significant and hemodynamically significant) as an outcome of the trial. Based on the
determination of the main and additional criteria of hemodynamic significance and the strength of their influence, a
diagnostic algorithm is formed for a patient with PDA with the possibility of predicting a further clinical scenario. For
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determination of hemodynamic significance, an increase in pulmonary gradient with an information index of 1.135 and
a prognostic factor of +5.90/-1.75 were dominant, while the left ventricular dilatation located from the A4C with an
informational index of 1.020 and a prognostic coefficient of +3.69/-2.50 dominated in determining the degree of
hemodynamic significance in the presence of secondary changes. The proposed mechanism for determining the level of
hemodynamic significance of PDA for children with borderline changes will predict more precisely the development of the
disease, determine the patient’s observation tactics and regulate the decision-making process of surgical intervention.

Pedepar. BuzHaueHHs1 reMoAMHaAMiyHOI 3HAYyHIOCTi BiAKPUTOI apTepiajbHOI MPOTOKH 3 BHKOPHCTAHHAM
NPOTHOCTUYHMX Tabdauub 3a JaHuMHM exokapaiorpadii. Kyaikosa I.0., Cadonosa L.H.,, Yymax JLI.,
Hingyouna LLH., IIpouenko O.C., Jdouenxo A.I'. V cmammi npedcmasnenuii aunaniz exoxapoioepaghiunux Oauux
nayienmis 3 ioKkpumor apmepiaivHor npomoxow (BAII), wo mae pisny eemoounamiuny suauywicme. Ha yeu uac
nowsmms "cmynine 2emoounamiunoi sHauywocmi" samuwaemoca cynepeunueum. Kpumepii eusHauenns eemoou-
Hamiunoi snauywocmi BAIIl y OoHowenux Oimeti — He onucaHi. Y Hawili pobomi Mu 8UKOPUCOBYBAIU KIACUDIKAYIIO
MpbOX CMYNEHi8 2eMOOUHAMIYHOT 3Hauywjocmi: HezemoOuHamiuno 3uauywuii BAIl — He3umaumuil, nomipHo
2eMOOUHAMIYHO 3HAUYWull — NoMipHo sHayywuti ma eenukuti BAIl — cemoounamiuno swauywuii BAIl. Mema —
PO3pOOUmMU AN2OpUMM BUSHAYEHHSI CMYNEHsl 2eMOOUHamiuHoi 3navyuocmi BAI 0ns npoecno3ysanus 11020 nooaibuiozo
pozeumky. Y docriddicenni 6panu yuacme oimu 0o 18 poxie (80% 3 nux — dimu 0o 3 pokis), sKi npotiuiiu 00CmMediCeHHs
6 Kapoioxipypeiunomy eiodinenni /Y «I3HX im. B.T. 3aiyesa HAMH Yxpainu” npomsecom 2013-2017 pp.
Tecmayitinuii 6ix (8i0 37 mudicnig), HassHicms wiynma no BAII 3niea nanpaso, siocymuicme wynma no JMIIIT ma
THWUX BPOONHCEHUX 840 CePYs CAYHCUNU KPUMEPIAMU BKIIOUeHHA 00 OocniodcenHa. Cghopmosano 08i npocHocmuuni
mabauyi 3 OCHOBHUMU Kpumepiamu O 8USHAYEHHS 2eMOoOuHamiynoi snavywocmi BAII 3a cymoro o3nax 3a epadayisimu
(He3Hauywi, NOMIPHO 3HAYYW MA 2eMOOUHAMIYHO 3Hauywyi) K pesyiomam Oocnioxcenns. Ha ocnoei eusnauenms
OCHOBHUX MaA 000AMKOBUX KpUumepiig 2eMOOUHAMIYHOL 3HAYYWOCMI MA CUTU IX GNIU8Y Popmyemsbcs OiaeHOCTMUYHULL
aneopumm 0as nayicuma 3 BAIl 3 moocnugicmio npoeno3y8anHs nooansuio2o Kiiniyno2o cyenapiio. /lna eusnavenns
2eMOOUHAMIYHOL 3HAYYWOCME BUSHAYATLHUM 0YI0 30i1bUEHH Ne2eHe8020 2padicHma 3 IHopmayiiHum THOeKcoM
1,135 ma npoenocmuunum ghakmopom +5,90/-1,75, mooi sik ounamayisi 1i6020 WAYHOUKA 8 YOMUPbOXKAMEPHIL NO3UYIT
3 inghopmayivinum indexcom 1,020 ma +3,69/-2,50 oominysana npu eusHaueHni cmynems 2eMoOUHAMINHOL 3HAUYWOCMI
3a HAAGHOCMI 6MOPUHHUX 3MIH. 3ANPONOHOBAHUTI MEXAHIZM GUHAYEHHS PIGHS 2eMOOuHamiunoi 3navyywocmi BAIl ona
oimetl i3 epAHUYHUMYU 3MIHAMU 00380UMb DLIbW MOYHO Nepedda UMY PO3BUIMOK 3AX60PIOBAHMNS, BUSHAUUMYU MAKMUKY
CROCMeEpedICen s 3a NAYIEHIMOM Ma pe2yioeamu npoyec RPUUHAMMA piueHb Wooo XIipypeiyHo2o mMpyuanHsi.

Patent ductus arteriosus (PDA) is a congenital
heart disease which occurs in absence of physio-
logical closure of embryonal aorto-pulmonary com-
munication after the birth. PDA frequency is 0.3%-
0.8% in full-term newborns; twice as common in
girls. Clinical manifestations of PDA depend not
only upon its size, but also upon the ratio of syste-
mic and pulmonary vascular resistance [1, 4, 11].

Characteristics of PDA significance can be rep-
resented by such concepts as “clinically obvious”,
“symptomatic” and “hemodynamically significant”
(hs). The latter is understood as PDA with a shunt of
significant volume on transthoracic echocardio-
graphic (TTE) examination, which include direct
and indirect signs. Hemodynamic significance can
vary from minimal or absent, to one that leads to
secondary changes not only in the heart itself, but
also in the pulmonary system, and can lead to
irreversible consequences [1, 8, 9, 12].

Presently, the concept of “degree of hemody-
namic significance” remains controversial. Some
authors offer classifications of significance in
association with clinical manifestations. However,
most of these studies are associated with deeply
premature babies and, accordingly, with more pro-
nounced clinical manifestations. Thus, Arlettaz R. in
the study of PDA in premature newborns offers a
classification of three degrees of hemodynamic
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significance: hemodynamically insignificant PDA —
insignificant, moderately hemodynamically signifi-
cant moderately significant and large PDA hemo-
dynamically significant PDA [3, 4, 5]. In our work
we confined ourselves to the same classification.
Patients with a diagnosis of “congenital heart
disease: patent ductus arteriosus” do not always
require urgent surgical intervention. Large, PDA that
leads to secondary changes in the heart, pulmonary
circulation hypervolemia with pronounced clinical
manifestations requires consultation of a cardiac
surgeon for determination of the duration and type
of surgical treatment. Patients with small,
moderately hs PDA, with minor secondary changes
(for example, dilation of the left chambers to -1 by
Z-score) require observation, and children of the
first year of life have a chance of spontaneous
closure of such a duct [6, 10, 11].

If there a shunt via PDA in the Color Flow
Doppler (CFD), there are no signs of pulmonary
overflow, no heart chambers dilation and clinical
manifestations (including the presence of murmur
during auscultation) respectively, as a rule, they do
not require surgical treatment, but only need
prevention from infectious endocarditis — as one of
the rare complications [7]. For prediction of the
disease development in such a patient, it is important
to determine the degree of hs of the duct [13, 14].
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Aim: to create a methodology for determining the
degree of PDA hemodynamic significance in
children who were born full-term.

MATERIALS AND METHODS OF RESEARCH

The study involved children under 18 years old
(80% of them — children under 3 years old) who
were examined in the cardiac surgery department of
the SI “IGUS n.a.V.T. Zaytsev NAMS of Ukraine”
during 2013-2017.

Gestational age (from 37 weeks), the presence of
left to right PDA shunt, absence of a ASD shunt and
other congenital heart defects served as enrollment
criteria for the trial. We have analyzed all groups of
signs of PDA hemodynamic significance, the main
source of which were criteria of hs described in the
literature [10, 13].

TTE examination was carried out according to
the designed local protocol and was used for the
study of additional specific parameters for PDA
evaluating. Visualization of PDA shunt with CFD
from the parasternal long-axis (PLAX) and short-
axis (PSAX), ductal view position was the criterion
for the diagnosis of PDA.

Retrospectively, according to the results of
surgical treatment, all patients were divided into
three groups according to the hemodynamic
significance of PDA: group I — hemodynamically
insignificant PDA (68 patients), group II—
moderately hemodynamically  significant (65
patients) and group III — hsPDA (66 patients). The
hemodynamic significance of the duct was
determined by intraoperative data.

For analysis, we selected 15 criteria of TTE,
which demonstrated of statistically significant diffe-
rences with values p<0.05 in the studied groups.
Further, for these criteria, a sequential diagnostic
procedure was carried out according to Wald, which
is applicable for cases with any distribution of
symptoms in groups. Relative values of the proba-
bility of the presence of each TTE criterion in the
studied groups with their errors (P+m), likelihood
and prognostic coefficients, and an informativeness
index were calculated. The criteria of TTE for
different by hemodynamic significance groups of
patients with PDA were ranked according to the
index of informative value. To predict the degree of
PDA  hemodynamic  significance, prognostic
coefficients were calculated for each gradation of the
criterion according to their significance.

The methodology was based on a consequential
statistical procedure for pattern recognition by
Gubler and the method of sequential analysis by A.
Wald. The essence of the method is that there is a
gradual accumulation of information until a certain
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threshold value is reached, which depends on the
chosen degree of probability. Using the table of
threshold sums of diagnostic coefficients [2], the
threshold value in our study was considered to be
such a sum of diagnostic coefficients that was either
(—=13) or (+13), which corresponded to a 95% degree
of probability.

If none of the thresholds sum can be reached, this
means that there is lack of information for making a
decision. The construction of prognostic tables
means placing the criteria and their prognostic
coefficients in a certain sequence in the order of
decreasing informative value, which reduces the
number of steps of the sequential A. Wald proce-
dure, simplifying it.

Statistical processing of the study results was
performed using the software product STATISTICA
6.1 (StatSoftInc., Serial No AGAR909E415822FA).

RESULTS AND DISCUSSION

Calculation of the degree of PDA hemodynamic
significance involves taking into account a lot of
parameters. While examining a patient with hemo-
dynamically insignificant PDA, it is necessary to
make a differential diagnosis with PDA of moderate
hemodynamic significance, i.e. exclude all the most
common secondary complications. Values of the
criteria of TTE for hemodynamically insignificant
and moderately significant PDA with their pro-
gnostic coefficients are presented in Table 1.

The set of criteria for TTE presented in the table
is proposed as a base approach for the distribution of
children in prognostic groups according to the
hemodynamic significance of PDA. In a situation
where the dilation of the left cardiac chambers
according to TTE is insignificant or not clearly
expressed, it is advisable to determine presence or
absence of the criteria for echocardiographic diag-
nostics presented in Table 1 to define the hemo-
dynamic significance.

If they are present, the prognostic coefficients
corresponding to the “Yes” gradation are sum-
marized, and if they are absent, the corresponding
“No” gradations are summarized. If the sum of
prognostic coefficients at a certain stage of the
examination reaches a threshold (+13), this
determines the PDA as moderately hemodyna-
mically significant. Upon reaching the threshold
(—13), PDA is considered hemodynamically insigni-
ficant. If the sum of prognostic coefficients for all
the criteria of the Table 1 does not reach the
thresholds (+13) or (—13), then the level of moderate
hemodynamic significance can be considered con-
ditional (Table 2).
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Table 1

Prognostic table for determining the absence of hemodynamic significance
or the presence of insignificant hemodynamic significance of PDA in children

Criterion of TTE Its gradation Informative index Progn?stlc
coefficients
Increase of gradient pressure on pulmonary artery Yes 1.135 +5.90
No -1.75
Increase of gradient pressure on the left brunch of pulmonary Yes 1.038 +5.13
artery No -1.83
Dilation of left ventricle (LV) in PLAX in M mode Yes 0.459 +3.05
No -1.33
Increase of left atrium (LA) volume Yes 0.416 +2.2
No -1.66
Dilation of LV in PLAX in B mode Yes 0.389 +2.75
No -1.25
Increase of gradient pressure on aortic arch Yes 0.352 +4.97
No —0.62
Dilation of LA in apical four-chambers view (A4C) in B mode Yes 0.342 +2.71
No -1.11
Dilation of LV in A4C Yes 0.325 +3.79
No —-0.76
Dilation of LA in PLAX in B mode Yes 0.322 +2.36
No -1.99
The presence of turbulent flow in the pulmonary artery Yes 0.276 +2.98
No —-0.81

The presence of hemodynamically insignificant
PDA, confirmed by the sum of prognostic coef-
ficients of TTE criteria (-13), determines very low
probability of surgical treatment of malformation,
and the tactics of conservative treatment of the child
based on dynamic observation. The conditional

moderately hsPDA, allocated with the sum of pro-
gnostic factors ranging from -12 to +12, shows that the
child, at this stage of the examination, is in the
favorable prognostic zone under observance of all rules
of proper care, feeding and medical supervision.

Table 2

Determining the degree of hemodynamic significance of PDA
in children in the absence of dilation of the left heart chambers according to TTE

Prognostic groups

Sum of the prognostic coefficients

Hemodynamically insignificant PDA
Conditionally moderately hemodynamically significant PDA

Moderately hemodynamically significant PDA

-13
from —12 up to +12

+13

Reaching the threshold of the sum of prognostic
coefficients (+13), especially in the case of a step-
by-step procedure according to A. Wald, taking into
account the first 5-6 criteria of the table, should alert
the cardiologist. In combination with a slight dila-
tion of the left heart chambers, an increase of gra-
dients on the pulmonary artery, descending aorta and
others, the obtained coefficient is an evidence of the
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hemodynamic borderline value of PDA in this child,
which requires a more thorough examination using
new modern TTE methods, as well as deep and
frequent observation of the child in dynamics.

The decision on the tactics of management of a
child is based on a complex of factors and on
changes in his state in dynamics. If the course of the
disease is unfavorable, there is a high probability of
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the transition of hemodynamically insignificant PDA
to hsPDA, which stipulates the necessity for surgical
treatment of the patient.

In the presence of secondary changes in the heart,
such as obvious signs of pulmonary overflow:
dilation of the left heart chambers, an increase in the
gradient on the right ventricular outflow tract, left
branch of the pulmonary artery, the pressure
gradient on the descending aorta and others, the
hemodynamic significance should be differentiated
between the II and III groups, namely between a
moderate hemodynamically significant and hsPDA.

It is proposed to use prognostic table 3 for deter-
mination the degree of significance.

In the absence of pronounced secondary changes, a
moderately hemodynamically significant PDA is
confirmed by the sum of the prognostic coefficients of
the ultrasound criteria (-13), and hemodynamically
significant — by the sum (+13), respectively. The
situation when the sum of the prognostic coefficients of
the TTE criteria varies from -12 to +12, may be
considered insufficient as for decision-making about
the degree of hemodynamic significance of the PDA,
this requires additional diagnostic methods (Table 4).

Table 3

Prognostic table for determining the degree of hemodynamically significance PDA
in children for moderately hemodynamically significant and hsPDA

Criterion of TTE Its gradations Informative index Progn?stlc
coefficients
Dilation of LV in A4C Yes 1.020 +3.69
No -2.50
Increase of LA volume Yes 0.719 +1.74
No -3.70
Dilation of LA in PLAX in B mode Yes 0.643 +2.09
No -2.74
Dilation of LA in A4C in B mode Yes 0.635 +2.29
No —-2.47
Increase of gradient pressure on pulmonary artery Yes 0.563 +2.12
No -2.36
The presence of turbulent flow in the pulmonary artery Yes 0.344 +2.20
No -1.38
Increase of gradient pressure on aortic arch Yes 0.306 +2.76
No -0.97
Increase of gradient pressure on the left brunch of pulmonary Yes 0.270 +1.48
artery No -1.60
Dilation of LV in PLAX in B mode Yes 0.270 +1.53
No -1.55
Dilation of LV in PLAX in M mode Yes 0.270 +1.53
No -1.55

There are two additional methods for determining
the hemodynamic significance of PDA. The first
method which we developed consists in calculating
the ratio of the area of the PDA shunt volume to the
area of the pulmonary artery (up to 20%, 20-40%,
and more than 40%, respectively, in accordance to
three groups of hemodynamic significance in
ascending order). The second method consists in
measuring the speed of PDA shunting during systole
and diastole when measured by Continuous Wave
Doppler. In the presence of a systolic-diastolic
difference of more than 50%, the hemodynamic
significance was regarded as insignificant, from 30-
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50% — moderate, and if less than 30% — PDA was
defined as hemodynamically significant [9].

Thus, offered by us mechanism for determining
the level of hemodynamic significance of PDA for
children with slight dilation of the left heart
chambers allows to predict the process of the
malformation development, determine the tactics of
patient supervision and regulate the decision-making
process as for surgical intervention if necessary.
Using this technique makes it possible to implement
an individual approach to each patient with PDA in
practice.
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Table 4

Determining the degree of hemodynamic significance of PDA
in children in the presence of secondary changes in the heart according to TTE

Prognostic groups

Sum of the prognostic coefficients

Moderately hemodynamically significant PDA
Conditionally hemodynamically significant PDA

Hemodynamically significant PDA

-13
from —12 up to +12

+13

This technique allows using an individual ap-
proach to each patient with PDA. It should be noted
that this technique should work in conjunction with
other methods, take into account other important
criteria, such as anamnestic, social and clinical ones.
The application of the developed algorithm will
significantly improve the diagnosing of the PDA
significance with the help of TTE. In borderline
cases using of additional methods developed by us
will be necessary.

CONCLUSIONS

1. The determination of the hemodynamic signi-
ficance of PDA in babies born full-term is a complex
diagnostic problem, a key role in solving of which is
to TTE.

2. Absence of essential clinical, instrumental and
TTE criteria for diagnosing the significance of PDA
forces developing diagnostic algorithms with a

statistical determination of the influence of each
factor.

3. Based on the determination of the main and
additional criteria of hemodynamic significance and
the strength of their influence, a diagnostic
algorithm is formed for a patient with PDA with the
possibility of predicting a further clinical scenario.

4. For determination of hemodynamic signi-
ficance, an increase in pulmonary gradient with an
information index of 1.135 and a prognostic factor
of +5.90/-1.75 were dominant, while the Ileft
ventricular dilatation in TTE in the A4C with an
informational index of 1.020 and a prognostic
coefficient of +3.69/-2.50 dominated in determining
the degree of hemodynamic significance in the pre-
sence of secondary changes.
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