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KiaroueBbie ¢ciI0Ba: HedoHOUIeHHbIe Oemu, OMKPbIMbLIL apMepUdIbHbIl RPOMOK, UOYRPOGheH, ocmpoe nogpedcoerue
novex

Absrtact. Effect of ibuprofen for hemodynamically significant patent ductus arteriosus closure on the
development of acute Kidney injury in preterm infants. Borysova T.P., Obolonska O.Yu. Premature infants with
hemodynamically significant patent ductus arteriosus (HSPDA) have a high risk of developing acute kidney injury
(AKI) due to renal hypoperfusion and use of ibuprofen for duct closure. The aim of the study was to evaluate the effect
of ibuprofen for the closure of HSPDA on the development of AKI in preterm infants depending on high dose of the drug
on the first day of life. 40 preterm infants with HSPDA who were admitted for observation on the first day of life were
examined. To close the ductus arteriosus, infants received restrictive therapy. In addition, 32 (80,0%) preterm infants
on the first day of life were prescribed ibuprofen: 19 infants — in high dose (20 mg/kg), 13 infants — in standard dose
(10 mg/kg). Clinical examination and treatment of preterm infants was carried out according to the generally accepted
methods. Echocardiography with Doppler was performed at 5-11 hours of life and then daily to determine the size and
hemodynamic significance of patent ductus arteriosus. Diagnosis and stratification of the severity of AKI were
performed according to the criteria of neonatal modification of KDIGO, for which the concentration of serum
creatinine and diuresis were studied. According to the results of the study, it was established that the frequency of AKI
on the third and fifth days of life in preterm infants with HSPDA, who received ibuprofen in a high dose (20 mg/kg) on
the first day, was 73.7% and 84.2%, respectively, which is 2.2 (OR=5.6; CI: 1,43-21,95; p<0.02) and 2.5 (OR=10.67;
CI: 2.31-49.31; p<0.002) times, more often than in infants without such therapy. High dose of ibuprofen on the first day
of life in preterm infants with HSPDA are most often associated with the development of stage I AKI on the third or fifth
day of life, which was temporary in one third of patients. The use of a high-dose ibuprofen for HSPDA closure on the
first day of life in preterm infants was significantly more often associated with foci of infection in the mother, large duct
size and furosemide use.

Pedepar. Bnuius idynpodeny a8 3aKpuUTTA reMoAMHAMIYHO 3HAYYHMIOI BiIKpHUTOi apTepianbHOI MPOTOKH Ha
PO3BHUTOK TOCTPOro MOIIKOIKeHHS] HUPOK Yy HenoHowmenux jaiteil. Bopucosa T.II., O6osonceka O.FO.
Heoonoweni oemu 3 2emOOUHAMiuHO 3HAYYWOI0 BIOKpUmoio apmepianvroio npomokoio (I 3BAIl) maromo eucokuii
PUUK PO3GUMKY 20CMP020 nowKooxcents Hupox (I'TIH) y 36’s3Kky i3 penanvholo 2inonepghysicio ma 6uKOPUCHAHHIM
oA 3akpummsi npomoxku ioynpogheny. Mema pobomu — oyinka éniugy ioynpogeny ons zaxpummst I’ 3BAIl na pozeumox
I'TIH y HeOoHowenux Oimel 3anexcHo 6i0 8uUcokoi 0osu npenapamy 8 nepuiuil OeHv dxcumms. Obcmedcero 40
Hedonowenux Oimeiu 3 I3BAIl, axi wadiliwnu nio cnocmepedicenHs 6 neputy 000y cumms. [[na 3akpumms
apmepianvbHoi npomoxu Oimu ompumysaiu pecmpukmueny mepanito. Kpim mozo, 32 (80,0%) neoonowenum y neputy
000y orcummst npusHayaiu ioynpogen.: 19 oimsam y eucoxiti 0o3i (20 me/ke), 13 oimsam y cmanoapmuiu (10 me/xe).
Kniniune obcmesicenns ma niky8anus, HeOOHOULEHUX HOBOHAPOONCEHUX 30ILCHIOBANIOCH 3 3A2AIbHONPUTIHAMOIO MEMO-
ouxomw. Exoxapoioepaghis 3 donnepomempicio euxonysanacs Ha 5-11 eodunu scumms i 0ani woOHs 015 BUSHAYEHHS
I'3BAII. [liaznocmuka ma cmpamugixayia cmynens msockocmi T'IIH nposodunuce 3a kpumepisamu HeOHaAMAaibHOL
moougpikayii KDIGO, 0ns wo0eo 6uguanuch KOHYEHMpAayisi CUpOBAMKO8020 KpeamuHiHy ma pieeHv Oiypesy. 3a
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pe3yabmamamu 00CHi0xHceHHs BcmanogieHo, wo yacmoma I'TIH na mpemrwo ma n’amy 000y sHcumms 6 HeOOHOULEHUX 3
I3BAII, sxi na neputy 006y ompumanu ioynpogen y gucoxiii 003i (20 me/ke), cmanosuna 73,7% ma 84,2%, 6ionogiono,
wo 6 2,2 (OR=5,6, CI: 1,43-21,95; p<0,02) ma 2,5 pazu (OR=10,67; CI: 2,31-49,31; p<0,002) uacmiwe, Hisxc y Oimeti
be3 maxoi mepanii. Bucoxa 0o3a iOynpogheny na neputy 000y oicumms 6 Hedonowenux 3 I3BAIl navinacmiwe
acoyiioemvpcst 3 po3eumKom Ha mpemio-n'smy 000y I cmaoii I'TIH, saxa Oynra mum4acoeow y mpemuHu nayicHmie.
Burxopucmannus ibynpogeny y eucoxiii 003i ons zakpumms [ 3BAIl y neputy 000y scumms 6 HedoHouteHux Oimet
3HauywWe wacmiue acoyiiosanocs 3 60SHUWAMU HeKYyll 8 mamepi, 8eluKUM PO3MIPOM apmepianrbHOi NPOMoOKU ma

3aCmMoCy8anHam Qypocemioy.

The incidence of patent ductus arteriosus (PDA)
in preterm infants depends on gestational age and is
60-70% at <28 weeks and 20% at >32 weeks, as
well as body weight at birth — 40-55% at <1000 g
and 30% at <1500 g. Hemodynamically significant
patent ductus arteriosus (HSPDA) is associated with
mortality and the development of complications
such as bronchopulmonary dysplasia, intraven-
tricular hemorrhage, necrotizing enterocolitis, acute
kidney injury (AKI) [7, 10]. Drug closure of
HSPDA is based on the suppression of the synthesis
of prostaglandins — one of the main factors keeping
the duct open. For this purpose, nonsteroidal anti-
inflammatory drugs — cyclooxygenase inhibitors:
ibuprofen or indomethacin — are used. A comparison
of these two drugs revealed the benefits of ibuprofen
associated with a reduced risk of necrotizing
enterocolitis, intraventricular hemorrhage and AKI
[10]. Ibuprofen, by decreasing the circulating pros-
taglandin levels, leads to a narrowing of the glo-
merular afferent arterioles, causing a decrease in
glomerular filtration [2]. At the same time, the
development of the "stealing" phenomenon in the
greater circulation in HSPDA leads to hypoperfusion
of the kidneys [7]. Thus, preterm infants with
HSPDA treated with ibuprofen have at least two
factors for the development of hemodynamically
mediated AKI.

The incidence of AKI in preterm infants who
received intravenous, oral, or rectal ibuprofen for
PDA closure ranges from 6.5% to 57% [3, 6, 10,
14]. This difference in the incidence of AKI can be
explained by the heterogeneity of the study groups
in terms of gestational age, as well as by the
different periods of time when drug treatment for
PDA was undertaken (in the first three days, after
the seventh day of life), ibuprofen dosages (standard
dose 10-5-5 mg/kg and high dose 20-10-10 mg/kg).
The effectiveness of PDA closure increases with the
use of high dose of ibuprofen [10], however,
according to some authors, renal side effects become
more frequent [1].

Aim — to evaluate the effect of ibuprofen for
HSPDA closure on the development of AKI in
preterm infants, depending on the high dose of the
drug on the first day of life.

21/ Tom XXV1/ 1

MATERIALS AND METHODS OF RESEARCH

The cohort, prospective study was conducted in
2018-2019 on the basis of the Department of
Anesthesiology and Intensive Care of Newborns CI
"Dnipropetrovsk Regional Children's Clinical Hos-
pital” and was approved by the commission on
medical ethics of the hospital.

Inclusion criteria: preterm infants at 29-36 weeks
of gestation with HSPDA, signed informed parental
consent to participate in the study. Exclusion cri-
teria: congenital malformations, intracerebral and
intraventricular hemorrhages of III-IV degree,
neonatal sepsis, severe asphyxia at birth, skin
diseases, intrauterine growth retardation.

There were examined 40 preterm infants with
HSPDA who were admitted for care on the first day
of life. The study period was 10 days. 6 infants
discontinued participation in the study due to the
development of exclusion criteria: intraventricular
hemorrhage III-IV degree (4), neonatal sepsis (2).

To close the PDA all in fants received restrictive
therapy [8]. In addition, 32 (80,0%) preterm infants
at the end of the first day of life were prescribed
ibuprofen in a three-days’ course at doses of 10-5-
5 mg/kg/day intravenously or 20-10-10 mg/kg/day
in rectal form [8]. On the fourth day of life, the PDA
was closed in all infants.

To analyze the effect of high dose of ibuprofen
on the functional state of the kidneys on the first day
of life, patients were divided into two groups: Group
I (n=19) — infants who received ibuprofen at a dose
of 20 mg/kg, Group Il (n=21) — infants with standard
dose of ibuprofen or only on restrictive therapy.

Clinical examination and treatment of preterm
infants was carried out according to conventional
methods. Echocardiography with Doppler by using a
broadband microconvex sensor with a frequency of
5-8 MHz "TOSHIBA" Nemso XG model SSA-580A
(Japan) was performed to determine PDA, its size
and hemodynamic significance [13]on admission to
the department (5-11 hours of life) and then daily.

Diagnosis and stratification of the severity of
AKI was performed according to the criteria of
neonatal modification of KDIGO [9], for which the
concentration of serum creatinine and the level of
diuresis were studied.
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Conjugation tables (Pearson's consistency test or
Fisher's exact test) and the Mann-Whitney test were
used to test the hypothesis about presence of statistical
relationship between high-dose ibuprofen on the first
day of life and the development of ARF in preterm
infants with HSPDA [4]. Verification of the normality
of the distribution of quantitative variables was
performed using the Kolmogorov-Smirnov criterion.
Statistical processing of the results was performed
using the software product STATISTICA 6.1 (StatSoft
Inc., serial number AGAR909E415822FA).

RESULTS AND DISCUSSION

Characteristics of the examined infants with
perinatal history are presented in Table 1. Average
gestational age was 32.9+0.22 weeks. A gestational
age was the same between the groups. At the same
time in group I every third infant had a gestational
age of 29-31 weeks. There was no significant
difference in birth weight between the groups. Low

birth weight 1501-2400 g was observed in half of the
infants in both groups, very low birth weight
<1500 g — in almost every sixth infant. There were
no differences between the study groups by the Ap-
gar score at the fifth minute, the frequency of partial
placental abruption, rapid labor, cesarean section.

The peculiarities of the perinatal period in infants
who received ibuprofen on the first day of life at a
dose of 20 mg/kg were established (Table 1). Thus,
52.6% of mothers during pregnancy suffered from a
urinary tract infection — 2.8 times more often than in
group II (OR=4.72; CI: 1.15-19.41; p<0.05), 78.9%
had anemia — 1.8 times more often compared with
infants of group II (OR=5.0; CI: 1.23-20.3; p<0.03).
Chronic foci of infection were found in 84.2% of
mothers of group I, which led to the development of
chorioamnionitis in 47.4% of cases (OR=18.0;
CI: 1.99-162.62; p<0.002).

Table 1

Perinatal history in preterm infants with HSPDA depending
on the ibuprofen administration, n (%)

Ibuprofen therapy 20 mg/kg dose (first day)

Parameter
yes, n=19 no, n=21

I group II group p=
History of kidney disease 7 (36.8 %) 8 (38.1 %) ns
Threatened abortion 18 (94.7 %) 15 (71.4 %) ns
Early gestosis 14 (73.7 %) 12 (57.1 %) ns
Urinary tract infection during pregnancy 10 (52.6 %) 4 (19.0 %) 0.05*
Arterial hypertension of pregnancy 10 (52.6 %) 9 (42.9 %) ns
Anemia of pregnancy 15 (78.9 %) 9 (42.9 %) 0.03*
Foci of infection in mother, including 16 (84.2 %) 12 (57.1 %) ns
chorioamnionitis 9 (474 %) 1 (4.8 %) 0.002*
Gestation period 29-31 weeks 6 (31.6 %) 3 (14.3 %) ns
Gestation period 32-34 weeks 10 (52.6 %) 14 (66.7 %) ns
Gestation period 35-36 weeks 3 (15.8 %) 4 (19.0 %) ns
Partial placental abruption 11 (57.9 %) 8 (38.1 %) ns
Rapid labor 9 (47.4 %) 10 (47.6 %) ns
Cesarean section 10 (52.6 %) 8 (38.1 %) ns
Birth weight 1500 g and less 3 (15.8 %) 4 (19.0 %) ns
Birth weight 1501 - 2400 g 10 (52.6 %) 13 (61.9 %) ns
Birth weight more than 2400 g 6 (31.6 %) 4 (19.0 %) ns
Apgar score on the fifth minute >7 points 5(26.3 %) 7 (33.3 %) ns

Notes: The %2 test and Fisher's exact test were used; "ns" — no significant difference was observed; * — OR (odds ratio) is significant.
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One of the criteria for the diagnosis of AKI is the
level of blood creatinine [9]. On the third day of life,
blood creatinine in preterm infants who received
ibuprofen at a dose of 20 mg/kg on the first day
significantly exceeded the level of creatinine in in-
fants of group II: 125.3+53.7 (123; 99-143) umol/l
versus 83.9£82.39 (51; 41-104.5) umol/L, p<0.006.
On the tenth day of life, the level of serum creatinine in
these patients also remained elevated: 125.1+£74.18
(100; 55-201) umol 1 versus 47.4+15.00 (41; 40-
44) umol/l, p<0.001.

A meta-analysis of six studies presented in the
Cochrane Database Syst Rev also showed a sta-
tistically significant increase in serum creatinine on
the third day after ibuprofen administration even at a
standard dose for PDA closure [10]. The study of a
more sensitive biomarker of renal damage, such as
cystatin C, confirmed the adverse renal effect of
both oral and rectal administration of ibuprofen [3].

Since the diagnosis of AKI is also based on the
condition of diuresis, we evaluated this parameter in
the examined groups. In the first day of life, diuresis
was reduced in all infants, which is a physiological
condition for preterm infants. But on the third day of
life, a decrease in diuresis was observed in 84.2% of
preterm infants who received ibuprofen at a dose of
20 mg/kg on the first day of life versus 23.8% of in-
fants in group II (OR=17.07; CI: 3.48-83.71, p<0.001).

The development of oliguria in early admi-
nistration of ibuprofen in a high dose in preterm
infants with PDA was also shown by de Klerk JCA
et al. [6], but with a lower frequency — 14%. In a
meta-analysis of the safety of ibuprofen for the PDA
closure in preterm infants, 4 studies were presented,
which also noted the development of oliguria on the
third day after ibuprofen use [10].

Analysis of the frequency of development and
severity of AKI depending on the administration of a
high-dose ibuprofen on the first day showed the
following (Table 2). On the third day of life, AKI in
infants who received ibuprofen at a dose of 20
mg/kg on the first day was diagnosed 2.2 times more
often than in infants of group II (OR=5.6; CI: 1.43-
21.95 p<0.02). On the fifth day of life AKI was
diagnosed in two more chil infants dren of group I
and the total number increased to 84.2% (OR=10.67;
CI: 2.31-49.31; p<0.002). In a group of infants who
received ibuprofen at a dose of 20 mg/kg, stage I of
AKI was mainly diagnosed. On the seventh and
tenth day of life, the number of infants with AKI
who received a high dose of ibuprofen gradually
decreased to 73.7% (p<0.006) and 52.6% (p<0.001),
respectively. Thus, the development of AKI on 3-
5 day of life in preterm infants with HSPDA was
associated with a high dose of ibuprofen on the first

21/ Tom XXV1/ 1

day; significantly more often there was a first stage
of AKI, which was transient in one third of patients.
The reversible side effect of high-dose ibuprofen on re-
nal function was also noted by de Klerk JCA et al. [6].

The development of AKI in preterm infants with
HSPDA who received ibuprofen in the first days of
life even at a standard dose was noted by Weintraub
AS et al. [14], who showed a high risk of developing
AKI: 15.25 (4.99-46.57). This study and our results
confirm the fact that the kidneys in preterm infants
in the first days of life are more vulnerable to
ibuprofen [14].

To date, high dose of ibuprofen has been proven
to be more effective than the standard dose regimen
for the PDA closure [10]. However, scientists’ opi-
nion on the frequency of side effects with high dose
of ibuprofen compared to the standard ones differ.
Some researchers believe that the renal effects do
not increase [5], others — that they become more
frequent [1].

Our study showed that AKI was 2.2 times more
common in infants who received ibuprofen on the
first day at a high dose of 20 mg/kg than in infants
with a standard dosage of the drug or only on rest-
rictive therapy (OR=5.6; CI: 1.43-21.95, p<0.02).
The significant frequency of AKI in infants with a
high dose of ibuprofen can be explained not only by
the action of this drug but also by a number of other
risk factors that our patients had. This is, first of all,
the large size of PDA on the first day of life in
infants of group I, which exceeded the same figure
in group II (2.69+0.92 vs. 2.06+0.63 mm, p<0.01),
leading to more significant hemodynamic disorders
with decreased renal perfusion. In addition, the renal
consequences of preterm birth are a disorder of
nephronogenesis with a decrease in the number of
nephrons and disturbance of their structure [12]. In
our sample, half of the infants who received a high
dose of ibuprofen on the first day of life had a
complicated perinatal history, particularly chorioam-
nionitis. It is known that prenatal exposure to
endotoxin in chorioamnionitis causes intrauterine
inflammation of the kidneys in the fetus and
postnatally in preterm infants, explaining the poten-
tial increased risk of kidney damage in preterm
infants born to mothers with chorioamnionitis [11].
As a result, the kidneys in preterm infants in the
postnatal period are more sensitive to hypoperfusion,
which occurs in HSPDA and ibuprofen use.

It should also be taken into account that the
management of preterm infants in the intensive care
unit entails the treatment of severe perinatal patho-
logy, which requires the introduction of a combi-
nation of potentially nephrotoxic drugs. It is
established that the risk of developing AKI in
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preterm infants increases with the simultaneous use
of nonsteroidal anti-inflammatory drugs with other
nephrotoxic agents (eg, antibiotics, diuretics) [2]. In
our study, infants who received iburoprofen at a
dose of 20 mg/kg and developed AKI were more

often treated with furosemide 84.2% vs. 38.1%,
p<0.004. In addition, an adverse effect of the com-
bination of ibuprofen and restrictive therapy on the
kidneys functional status is not excluded.

Table 2

Ibuprofen administration and AKI development in preterm infants with HSPDA, n (%)

Ibuprofen 20 mg/kg dose (first day)

Parameter
yes, n=19 (19) no, n=21 (15)

I group II group p=
AKI on third day 14 (73,7 %) 7 (33,3 %) 0,02 *

I stage 7 (36,8 %) 3 (14,3 %) ns

II stage 5 (26,3 %) 3 (14,3 %) ns

III stage 2 (10,5 %) 1 (4,8 %) ns
AKI on fifth day 16 (84,2 %) 7 (33,3 %) 0,002 *
1 stage 8 (42,1 %) 2 (9,5 %) 0,03 *

II stage 4 (21,1 %) 4 (19 %) ns

111 stage 4 (21,1 %) 14,8 %) ns
AKI on seventh day 14 (73,7 %) 6 (28,6 %) 0,006 *

1 stage 6 (31,6 %) 14,8 %) 0,04

II stage 3 (15,8 %) 2 (9,5 %) ns

III stage 5 (26,3 %) 3 (14,3 %) ns
AKI on tenth day 10 (52,6 %) 0 (0,0 %) 0,001

I stage 2 (10,5 %) 0 (0,0 %) ns

II stage 4 (21,1 %) 0 (0,0 %) ns

III stage 4 (21,1 %) 0 (0,0 %) ns
AKI totally 16 (84,2 %) 7 (33,3 %) 0,002 *

Notes. The %2 test and Fisher's exact test were used; "ns" - no significant difference was observed; * — OR (odds ratio) is significant; the sample size

on the 10th day is given in parentheses.

Thus, the use of ibuprofen for HSPDA closure in
preterm infants on the first day of life in high dose is
associated with an increased risk of AKI. Taken
together, the effects of renal hypoperfusion in
infants with HSPDA and that of ibuprofen, that led

160

to a decrease in glomerular filtration, are mecha-
nisms of AKI development in preterm infants, which
are more vulnerable to kidney injury due to impaired
nephrogenesis, complicated perinatal history and the
use of several nephrotoxic drugs.
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CONCLUSIONS

1. The frequency of AKI on the third and fifth
day of life in preterm infants with HSPDA, who
received ibuprofen in a high dose (20 mg/kg) on
the first day was 73.7% and 84.2%, respectively,
that in 2.2 (OR=5.6; CI: 1.43-21.95; p<0.02) and
2.5 (OR=10.67; CI: 2.31-49.31; p<0.002) times
more often than in infants without such therapy.

2. High dose of ibuprofen on the first day of life
in preterm infants with HSPDA are most often
associated with the development of stage I AKI on

the third or fifth day of life, which was temporary in
one third of patients.

3. The use of high-dose ibuprofen for HSPDA
closure on the first day of life in preterm infants was
significantly more often associated with foci of
infection in the mother, large duct size and
furosemide use.

Conflict of interests. The authors declare no

conflict of interest.
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