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KuawuoBi ciioBa: siokpuma apmepianvha npomoxa, pecmpukmueHa ingysiina mepanis, ineubimopu L{Or
HEOOHOULEH] HOBOHAPOOIICEHI

KioueBbie cioBa: omxpbimblil apmepuanbiblil RPOMOK, peCmMpUKMUSHAas UHQy3uonnas mepanus, uneubumopwt LJOT,
HEeOOHOWEeHHblEe HOBOPOIICOEHHbLE

Abstract. Management of patent ductus arteriosus in premature infants. Obolonskyi A., Snisar V., Surkov D.,
Obolonska O., Kapustina O., Dereza K. Closure of hemodynamically significant patent ductus arterios (HSPDA) is
one of the most important questions in modern neonatal intensive care, especially for preterm babies. Long-term
functioning of the hemodynamically significant arterial duct leads to a large number of complications in premature
babies, such as: bronchopulmonary dysplasia, periventricular leucomalacia, intraventricular hemorrhage, retinopathy
of the premature. To prevent all these complications, the PDA should be closed pharmacologically or surgically as
soon as possible without any hesitation. COX inhibitors are commonly used nowa days. Ibuprofen and indomethacin
show the equal efficacy and no significant adverse events. But some patients still need surgical treatment. The aim of
the study was to determine the feasibility, effectiveness and safety of using various volumes of infusion in combination
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with COX inhibitors and to determine its effect on the timing of the closure of PDA. 91 premature infants with a
gestational age of 26-31 weeks with manifestations of respiratory distress syndrome and HSPDA were studied
retrospectively. Premies were divided into 2 groups. Research groups were representative as to gestational age, gender,
and weight (1205.0+435.0 g). Therapy for PDA closure included the use of various volumes of restrictive or liberal
infusion therapy (from 50 to 100 ml/kg/day) and COX inhibitors (indomethacin, ibuprofen). The volume of infusion
therapy was limited in the first group. Preemies received 53.5+£6.4 ml/kg/day on DOLI and 2. From the third day urine
excretion increased and the volume of infusion therapy also raised to 63.6+5.6 ml/kg/day, and on day 5 — to
89.7+6.8 ml/kg/day. In the second group there was no strict limitation of the volume of infusion therapy (especially in
the first 5 days). Delayed period of PDA closure (on average from 14.55+0.56 DOL) was associated with absence of
limitation of the infusion volume. In the first group, volume of infusion therapy was restricted in the first 5 days, and the
closure of the ductus arteriosus occurred extremely early (on 2.35+0.48 DOL). COX inhibitors were prescribed
according to the standard scheme: in the first 3 days indomethacin was administered orally in doses of
0.2/0.1/0.1 mg/kg/day. If the premature baby had symptoms of intestinal paresis ( this restricted oral administration of
indomethacin), ibuprofen was prescribed in a three-day course in doses of 10/5/5 mg/kg/day intravenously or
20/10/10 mg/kg/day in rectal form. In all groups, standard PDA closure therapy was used. In the more remote periods
(14 and 28 days), there was no fundamental difference in the volume of infusion in all groups. For early PDA closure
limitation of infusion therapy in the first 3-5 days in combination with COX is principle.

Pedepar. Tepania BinkpuToi aprepiaibHOi MPOTOKH B HEJOHOIIEHUX HOBOHapomkeHux. OdosonHchkuii O.1.,
Cwicap B.I., Cypkos .M., O6oaoncska O.10., Kanycrina O.T'., Jlepe3a K.O. Tpugane @yuxyionysanns cemoou-
Hamiuno 3Hauywoi eiokpumoi apmepianonoi npomoku (I'3BAII) npusgooums 00 6eauxoi KiibKOcmi YCKIAOHEeHb V
HeQoHowenux Oimeil, Makux sK: OpOHXONle2eHesd OUCHIA3isl, NEPUBCHMPUKYIAPHA NeUKOMATAYIsL, GHYMPIUHbO-
UWITYHOUKOGE  KPOBOGUNUGU, PEMUHONAMISE HO80HApoOdiceno2o. Lllo6 3anobiemu ecim yum ycknaowewnsm, I3BAIT
HeOOXIOHO 3aKpumu GapmMaxonociyno abo XipypeiuHo npomsicom NEPUIUX mpbox OHIG, SIKWO Ye MONCIUBO. 3aKpummsi
2eMOOUHAMIYHO 3HAYYWOT BIOKPUMOI apmepianbHOi NPOMOKU € OOHUM 3 HALBANXCIUBIUUUX NUMAHb IHIMEHCUBHOT mepanii
HOBOHAPOOIHCEHUX, 0COOMUBO 01 HedoHoutenux Oimell. Ineibimopu L]OI 3a36uyaii euxopucmos8yromsca Ha yeil 4ac o
MEOUKAMEHMO3HO20 3aKpumms npomoxu. loynpogen i indomemayun noxasyiome pieHy e@eKmusHicmv, MeHule
nobiyHux egexmie npu suxopucmanui ioynpogeny. Memorw 0ocniodxcenus 6yI0 SUSHAUUMU OOYLIbHICMb, epeKmues-
Hicmb [ 6e3neKy SUKOPUCMAHHA PI3HUX 06cseié ingysii ¢ kombinayii 3 ineibimopamu I{OI i eusnauumu eniué Ha
mepminu 3axkpumms I'3BAIl.  Pempocnekmugno 6yno eugueno 91 HedoHowieHy oumumy 3 cecmayitinum 6ikom 26-
31 muoicnie, nposeu pecnipamoprozo oucmpec-cunopomy, ['3BAII, sxi nikysanucs 6 peaHimMayiuHomy 6IOOLIeHHI.
Jlocnionuybki epynu 6yau penpe3eHmamueHumu uwjooo eecmayitinozo 6iky, cmami ma eazu (1205,04435,0 2). Tepanis
ona sakpumms KIIK exnrouana 3acmocy8anis piznux o0cs2ie pecmpukmugHoi abo nibepanvroi ingysitinoi mepanii (8i0
50 00 100 mn/xe/006y) ma ineioimopis L[OI (inoomemayun, ioynpoghen). Obcsaz ingysitinoi mepanii 6ys obmedsiceHul y
nepwiti epyni. HeOdonoweni HoeonapoOdceni ompumanu 53,5+6,4 ma/ke/denv na 1 ma 2 0o6y. 3 mpemvoco OHs
excKkpeyisi ceui 30invbutysanacs, 30inbulyeascs ob'em ingysitinoi mepanii 0o 63,6+5,6 ma/ke/oenv, a na 5 Oenv
30inbweno 00 89,7+6,8 m/ke/0oby. YV Opyeiii epyni, de 3acmocogysanacy aibepanvha in@ysilina mepanis ma e
CnOCmepieanocs cygopozo O00mpuManus obmedcenns obcszy ingysiinoi mepanii (ocobaueo 6 nepwi 5 OHig),
cnocmepieascs siocmpouenuil mepmin 3akpumms I3BAIT (y cepeonvomy 3 14,55+0,56 006u). ¥V nepwin epyni, Oe
obmedicenHst 0bcsey IHQy3itHol mepanii dompumyseanucs OLbul 4imko 6 nepwii 5 OHI8, 3aKpumms apmepianbHol
npomoku 6iodysanocs pano (npu 2,35+0,48 0o6u). Ineioimopu [{OI" npusnauanuce 3a cmanoapmuow cxemoio: 8 nepuli
3 oui indomemayun 6800amuv nepopanvuo 6 dozax 0,2/0,1/0,1 me/ke/006y. Axujo 6 HedoHOULeHOI OumuHY 3'a6IAMUCS
cumnmoMmuy nape3y KUWKIBHUKA (Ye Nepeuko0N’cano nepoparbHoMy 66e0eHHI0 [HOOMemayury), moodi ioynpoghen
npusHayascsa 8 mpuoenHomy Kypci 6 0ozax 10/5/5 me/xe/000y enympiwnvosenno adoo 20/10/10 me/ke/006y 6 pekmanvhiii
Gopmi. YV ecix osnaueHux epynax zacmocosyganu cmanoapmuy mepanito sakpumms I3BAIl 'V binvw siodaneni
nepioou (14 i 28 onig) e 6y10 npuHYUNOBOI pisHUYI 8 00CA3I IHPY3IL Y 6Cix epynax, wo 2080pums NPo me, WO NPUHYUN
pannvozo sakpumms KIIK noasicas y oomescenni inghysiiinoi mepanii ¢ nepwi 3-5 onie na miai cmandapmuoi mepanii
ineibimopamu LJOI".

One of the actual issues of modern neonatal
medicine is the reduction of the negative influence
of the patent ductus arteriosus (PDA) on morbidity
and mortality in preterm infants. The hemodyna-
mically significant PDA (HSPDA) has a great value
on the development of periventricular leukomalacia
(PVL), intraventricular hemorrhage (IVH), broncho-
pulmonary dysplasia (BPD), necrotizing entero-
colitis (NEC), sepsis, retinopathy of prematurity
(ROP), which leads to disability in preemies [6].
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According to many authors, the time of PDA
closure is also an independent factor affecting
morbidity and mortality in preterm infants. In a
number of publications, we substantiated and proved
that delayed PDA closure (after day 3 of life),
significantly increases the percentage of complica-
tions such as BPD, PVL, IVH, NEC, ROP [4].

As we have mentioned earlier [5], among the
different ways of PDA management cyclooxygenase
(COX) inhibitors, modes of infusion therapy,
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diuretics play major role. Also it is important to
reduce the negative impact of respiratory support
(balanced approach to intubation, early extubation,
the use of noninvasive ventilation).

Indomethacin and ibuprofen have been traditio-
nally used as COX inhibitors. The possibility of
using paracetamol for PDA closure is periodically
being discussed [5, 9], but this way has not been
widely accepted as for now. Comparative effecti-
veness of different COX inhibitors has been des-
cribed in our resent publications [13]. The thera-
peutic value of COX inhibitors has no doubts
opposed to the restrictive infusion therapy in the
maintance of the pharmacological PDA closure.

However, according to the Cohrane review, there is
the so-called conservative therapy for the PDA closure,
against which only the restriction of infusion therapy
without COX inhibitors using is included [1, 6, 12].
Regarding the recommended volume of restrictive
infusion therapy, the data vary significantly: from 100-
130 ml/kg/day to 60-80 ml/kg/day in the first 3 DOL.
The effectiveness of conservative therapy for the
closure of hemodynamically significant PDA is 40-
45% and therefore it is not accepted widely according
to a number of authors [14]. Some authors believe that
only the early surgical clumping of the duct is
essential, but not the choice of COX inhibitor for PDA
closure. The reduction of the infusion is often left
unadressed [1, 3, 6, 7, 8, 10, 11]. Obviously, restrictive
infusion therapy for treatment HPDA should be used in
combination with COX inhibitors and is recommended
by most authors and editions [1, 3, 6, 7, 8, 10, 11].

There also exists a theory that at present time
there is a clear connection with the volume of
infusion and the term of PDA closure. Taking into
account the above, we have done a comprehensive
research. We studied the impact of the termination
of the PDA on morbidity and mortality in preterm
infants, and analysed the effectiveness of various
treatment options for PDA closure.

MATERIALS AND METHODS OF RESEARCH

Goal — the main purpose of the study was to
establish the expediency, efficiency and safety of
using different volumes of infusion in combination
with COX inhibitors and to determine their effect on
the timing of the HPDA closure.

Retrospective study of 91 preterm infants who re-
ceived treatment in the intensive care unit of the Regio-
nal Children's Clinical Hospital in Dnipropetrovsk in
2012-2017 was carried out. Research groups were rep-
resentative as for gestational age, gender and weight.

Criteria

Inclusion criteria: gestational age 26-31 weeks,
manifestations of respiratory distress syndrome
(RDS), HPDA.
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Exclusion criteria: I[VH grade 3-4, congenital
malformation, early onset of neonatal sepsis.

Premature infants were admitted to the NICU on
DOL 1-2. The doplerographic echocardiography has
been performed during first day of staying at the
NICU. 100% of preemies had an open ductus arte-
riosus. All examined preterm infants in all groups
had manifestations of acute respiratory distress syn-
drome and they were given artificial ventilation of
lungs with different settings. After extubation, non-
invasive respiratory support was used to complete
the transition to spontaneous respiration.

Methods

Systemic and cerebral hemodynamics were
assessed with ultrasound examination methods (dop-
lerographic echocardiography, cranial ultrasound
with the doplerography) and clinically. All preterm
infants included in the study were examined in seven
stages. The first stage: observation immediately after
admission to the NICU of the Regional Children's
Clinical Hospital in Dnipropetrovsk. The second
stage: a 3 day course of the therapy. Subsequent
stages were in dynamics on day 5, 7, 14 and 28 of
therapy respectively.

There were 54 (59.3%) boys, 37 (40.6%) girls.
Weight at birth was 1205.0+435.0 grams on average.
The all preterm infants who were admitted to the
NICU were in severe condition. The main problems
were respiratory distress syndrome, patent ductus
arteriosus, which conditioned the need for respi-
ratory and inotropic support.

All preterm infants received restrictive infusion
therapy of varying degrees, along with COX inhibi-
tors for the PDA closure. It has been noted that the
arterial duct is closed at different times.

Depending on the term of PDA closure, preemies
were retrospectively divided into two groups:

The first study group — an early closure of the
arterial duct (in the first 3 days) — 40 preemies
(67%). The preterm infants had gestational age of
29.0+1.5weeks, weight — 1222.2+356.0 grams in ave-
rage. In the first group there were 27 (67.5%) boys,
13 (32.5%) girls.

The diameter of the PDA was 2.8+0.7 mm on the
first examination in the NICU.

The second study group — 20 preterm infants
(33%). Preemies had gestational age of
28.6+2.2 weeks, and weight — 1218.5+£356.0 grams
in average. In the second group there were 9 (45%)
boys, and 11 (55%) girls. The diameter of the PDA
was 3.0+0.3 mm on the first examination in the
NICU. In the second group arterial duct was closed
in a delayed time (more than 4 days) pharmaco-
logically, or by surgical clumping.
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There was no significant difference in sex
between the groups. There was no principal diffe-
rence between the groups in patient’s weight.

The statistical processing of the research
materials was carried out using the biostatistics
methods implemented in the STATISTICA v.6.1
software package (Statsoftlnc., USA) (license
number AJAR909E415822FA).

The hypothesis about the normal law of
distribution of indicators was verified according to
the Kolmogorov-Smirnov criterion. Comparison of
statistical characteristics in different groups and
observation in dynamics was carried out using
parametric and nonparametric criteria (taking into
account the distribution law): verification of the
equality of dispersions - according to the criteria of
Fisher (F) and Leuven (LeveneTest); Estimation of
probability of mean differences for unrelated samples —
according to Student (t) and Mann-Whitney (U) cri-
teria, for bound - according to Student (t) and Wil-
coxon criteria (T); The probability of differences in
relative indices is based on the criterion of the Hex-
squared of Pearson (2). For the correlation between the
signs, a correlation analysis was performed with the
calculation of the Spirman rank correlation coefficients
(r). The critical significance level of the statistical
significance (p) was taken at <5% (p<0.05).

The Therapy of PDA

The therapy of PDA closure included the use of
different volumes of restrictive infusion therapy
(from 50 to 100 ml’kg/day) in combination with
COX inhibitors. Also dobutamine was prescribed in
doses of 7.5-10 ug/kg/min intravenously. COX inhi-
bitors were prescribed according to standard regi-
mens: in the first 3 days - indomethacin orally in
doses 0.2/0.1/0.1 mg/kg/day. If the preterm infant

had symptoms of intestinal paresis (this prevented
the oral administration of indomethacin), Ibuprofen
was administered in a three-day course in doses of
10/5/5 mg/kg/day intravenously or in a rectal form at
a dose of 20/10/10 mg/kg/day.

Thus, in all groups of preterm babies standard
therapy was used for PDA closure.

RESULTS AND DISCUSSION

Volume of Infusion Therapy

The volume of infusion therapy was restricted in
the first group. Preemies received 53.5+6.4 ml/kg/day
on DOL1 and 2. From the third day urinary excre-
tion increased, there was an increase in the amount
of infusion therapy up to 63.6+5.6 ml/kg/day, and on
day 5 it was raised to 89.7+6.8 ml/kg/day.

It should be noted that precisely with the
application of this given limited amount of infusion
therapy, we observed an early closure of the arterial
duct in this group.

Comparing the first and second groups, it should
be noted that in the second group there was no strict
adherence to the restriction of the volume of
infusion therapy (especially in the first 5 days), and
we associated the delayed term for the PDA closure
of arterial duct with that fact. In the first group the
limit of the volume of infusion therapy was observed
more clearly in the first 5 days, and we have the
closure of the arterial duct exceptionally early. With
regard to the volume of infusion therapy in a more
distant terms (14 and 28 days), there were no fun-
damental differences in the volume of infusion in all
groups, which suggests that the principle was the
restriction of the infusion therapy in the first 5 days
only (Fig. 1).
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Fig. 1. The volume of infusion therapy in 1 and 2 groups at different times
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According to our data, we can conclude that the
term of PDA closure in preterm infants as much as
possible depends on the restriction of infusion
therapy in the DOL 1 to DOL 5. The recommended
volume of infusion on the first and second day of
life can be considered 53.5+6.4 ml/kg/day, and for
third day of life is 63.6+5.6 ml/kg/day.

The Rate of Diuresis

We analyzed the rate of diuresis. It was normal
2.241.2 ml/kg/hour in the first group on DOL 1.
Diuresis increased significantly on DOL 3 up to

3.6£1.6 ml/kg/hour. The maximal rate of urination
6.1+1.4 ml/kg/hour was on DOL 5.

Despite the fact that most literary sources describe a
significant decrease in diuresis up to oligoanuria which
is associated with the COX inhibitors using, we did not
observe this in our own experience. Diuresis, despite
the significant limitation of infusion therapy, was in the
normal range for the patient’s age in all groups and in
all stages of the study (Fig. 2). In our opinion, the
temporal diuresis did not affect the term of arterial duct
closure in the subjects.

ml/kg/h
6 7 r1=0.95 r2=092 _
‘| -
4 —"l —
3| [ L
5 | 1
1 -
0
1 Day 3Day 5 Day 7 Day 14 Day 28 Day
O1 group 2 group
Fig. 2. The rate of diuresis in 1 and 2 groups
Body Weight Dynamics

Regarding the dynamics of body weight, there is
a physiological weight loss in the completely healthy
newborns in the first 3-4 days. In our subjects, we
used restrictive infusion therapy (50-80 ml/kg/day)

for PDA closure and the patient’s weight loss was
planned and even desirable. The weight loss obser-
ved in the first group was (-7.1%+4.6) up to third
day of life (Fig. 3).
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Fig. 3. Body weight dynamics
19/ Tom XX1V'/ 2

37



KJIIHI9HA MEJIHITHHA

On DOL 5, more negative dynamics of body
weight was maintained (-10.3%+4.3). The maximum
of weight loss was observed on DOL 7 and it
was (-10.8£5.6). With the onset of enteral nutrition
and increasing in the volume of infusion after
PDA closure, the body weight deficit reduced to
(-3.8%+3.0) and on DOL 28 there was positive
dynamics in patient’s weight (+ 9.8%=2.6).

It should be noted that the degree of weight loss
on DOL 3, 5, 7, 14 was closely related to the term of
arterial duct closure. In the second group, the degree
of weight loss at all stages was slightly higher than
in the first group.

The arterial duct was closed in all groups in
100% of cases. Mortality in all groups was 0%. The
pharmacological PDA closure was successful in
100% (40 preemies) of cases in the first group and in
70% (16 preemies) of the second grope (Table). In
the second group the PDA closure occurred in a
delayed period (more than 4 days) on DOL 14.55+0.56
on average. In the first group, the PDA closure
occurred earlier on DOL 2.35+0.48 on average. 6
children (30%) of the second group had surgical
clapping of the arterial duct in a delayed period (on
average after 23 days). Recanalization of the arterial
duct was found in 6 children (30%) after DOL 20.

Methods and terms of the PDA closure

Indicator 2 Group 1 Group
Diameter of PDA in DOL1 3,1+1,0 mm 2,8+0,5mm
Terms of PDA closure 14,55+0,56 DOL 2,35+0,48DOL
Pharmacological PDA closure 70% 100%
Surgical PDA closure 30% 0%
Recanalization of PDA 30% 0%
Indomethacin using as 1% course 84% 85%
Ibuprofen using as 1* course rectal form 16% 15%
Ibuprofen using as 2 course intravenous form 40% 0%

It should be noted that in the first group in all
cases the arterial duct was closed pharmacologically
and there was no PDA recanalization comparing to
the second group.

Analyzing the data, we can summarize the
following: the mortality rate in all groups was 0%
and the PDA closed in 100% of cases. The PDA has
been closed in the second group with liberal infusion
therapy in delayed period after DOL 4, on
14.5540.56 DOL on average. In the first group with
restrictive infusion therapy, the PDA closure oc-
curred earlier on DOL 2.35+0.48. 6 children (30%)
from the second group had surgical clapping of the
PDA in a delayed period (on DOL 23 in average). In
the first group, in contrast to the second group, there
was no case of PDA recanalization, so there was no
need for surgical treatment. Diuresis was in normal
range for age in all groups during the study, despite
the significant fluid limitation.

Conclusions

The combination of COX inhibitor with the strict
adherence to the restriction of infusion in the first 5
days is considered to be a principle for the early

38

closure of the arterial duct. The recommended
volume of infusion for the successful PDA closure
should be — 50 ml/kg/day for DOL 1, and 60 ml/kg/day
for DOL 3. The recommended weight loss for the
successful PDA closure should be — 7% for DOL 3
and up to — 10% for DOL 5. The rate of diuresis did
not affect the term of arterial duct closure in the
subjects. Exact adherence to a combination of COX
inhibitors and restrictive infusion therapy is more
likely to contribute to the pharmacological closure of
the ductus arteriosus and reduce the percentage of
children who need surgical ligation of the ductus.
The use of restrictive therapy and earlier closure of
the arterial ductus reduces the percentage of such
terrible complications in premature babies as BPD,
IVH, NEC, ROP, which decreases the risk of disa-
bility in these children. Early pharmacological PDA
closure reduces length of hospitalization as well as
the cost of treatment.

Perspectives

The open arterial duct should be pharmaco-
logically closed at early stage with the help of COX
inhibitors (indomethacin, ibuprofen) in combination
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with restrictive infusion therapy. We are planning to
study effects of rectal and intravenous forms of
paracetamol as COX inhibitors for the pharmaco-
logical closure of PDA as the main or second course,
but no more than 7 days.

List of Abbreviations

BPD - bronchopulmonary dysplasia

COX — cyclooxygenase

DOL — day of life

ELBW - extremely low birth weight

GA - gestational age

HPDA - hemodynamically significant patent duc-
tus arteriosus

IVH - intraventricular hemorrhage

MYV - mechanical ventilation

NEC - necrotizing enterocolitis

NICU — neonatal intensive care unit

NIV - non-invasive ventilation

NSAIDs - non-steroidal anti-inflammatory drugs
PDA - patent ductus arteriosus

PVL - periventricular leukomalacia

RDS - respiratory distress syndrome

ROP - retinopathy of prematurity

RI - Resistant Index, an index of resistance
VLBW - very low body weight
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