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ABSTRACT

Background. The main method of neonatal jaundice treatment is phototherapy (PT), which has been successfully used for 65 years.
Like any highly effective type of therapy, this treatment method can cause short- and long-term adversere actions in newborns.

Aim of the study: to optimize phototherapy in the conditions of the level 3A perinatal center, to evaluate the clinical and laboratory
indications for the appointment of standard (SPT) and intensive phototherapy (IPT), to determine the validity of the duration of PT and
the adequacy of monitoring the level of total serum bilirubin (TSB) during and after SPT and IPT.

Materials and methods. 78 infants’ histories who received phototherapy due to the presence of hyperbilirubinemia of various etiologies
were retrospectively studied.

Results. In 21.7%, the visualization of jaundice was assessed on the Kramer scale. The level of reticulocytes was determined in 12.7%
of cases. Indications for SPT were observed in 52.9%, and for IPT — in 40% of cases. Bilirubin levels were monitored after the start
of PT at intervals according to clinical recommendations in 70.6% of cases with SPT and in 50.0% with IPT. PT withdrawal according
to indications was carried out in 13% of children with SPT and in 21.4% of newborn sreceiving IPT. Post-PT monitoring was performed
in 56.36% of cases according to clinical recommendations.

Conclusions. Indications for PT are not observed both in the appointment of SPT and in IPT. PT control according to clinical
recommendations is not carried out in one third of children with SPT and in half of children with [PT. In most cases, the transfer from [PT
to SPT and the cancellation of SPT is carried out untimely, which increases the risk of PT complications.
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KoHTponb npoBeaeHus hototepanuu
MNPV HeOHATaNbHOWN XenTyXxe

[.H. Yymakosa, [.0. MBaHos, E.B. bem, C.T. MNocmaluHas, H.A. KpusoHoc, C.E. MNasnosa,
A.C. NanyeHko, 1.A. ®epoposa, [1.B. LLakanuc

CaHkT-MeTepbyprekuil rocyaapCTBEHHbIN NeAaTPUYECKUin MeanumMHCKuiA yHuBepeuteT, CaHkT-MeTepbypr, Poceus

AHHOTALMA

AkTyanbHocTb. OCHOBHbIM METOAOM JIEYEHNS HEOHATAMNbBHBIX KENTYX SABNseTCs hoToTepanus (PT), koTopas yCrneLLHo NpUMeHsieTcs
yxe B TeyeHne 65 net. Kak noboi BbICOKOIMEKTUBHBI BUA Tepanuu, 3TOT METOA NEYEHUss MOXET BbI3blBaTb KPATKOCPOUHbIE U
[0NroCpOYHbIE NOBOYHBIE PeaKLyW Y HOBOPOXAEHHBIX AETEN.

Llenb nccnegoBaHms: Ans onTUMM3aLmv NpoBeaeHns (oToTepanum B YCNOBUSIX MEPUHATANBHOMO LieHTpa 3A YPOBHS 4aTb OLEHKY
KNWMHYECKIX M NabopaTopHbIX NOKa3aHui K HazHaveHuto ctaHgapTHoit (COT) n nHTeHceHon doTtoTepanim (UPT), onpegenuts 060-
CHOBAHHOCTb AnUTENbHOCT OT 1 afeKBaTHOCTb BbIMOMHEHUST KOHTPONS YPoBHSA obLuero 6unupybuHa ceisopotkn (OBC) npu npo-
BeaeHnn 1 okoH4yaHum COT n UOT.

Matepuanki 1 MmeToabl. PETPOCNEKTUBHO M3y4eHO 78 NCTOpWIA pasBUTMS LEeTel, NonyvaBlnx (OTOTEPAN0 B CBA3M C HaNMYMEM
rMnepdunmpybuHeMm pasnnuyHoON aTUOMNOTUN.

PesynbTtatbl. B 21,7% Bu3yanunsauus XenTyxv oLeHneanacs no wane Kpamepa. YpoBeHb peTukynouutos Obin onpeaeneH B 12,7%
cnyyaes. IMokasaHus k COT cobntogeHsbl B 52,9%, a k UOT — B 40% cnyyaes. KoHTponb ypoBHs BunupybuHa nocne Havana ®T
OCYLLECTBNANCS B MHTEpBarax cornacHo KnuHuieckum pekomeHgauuam 8 70,6% cnyyaes npn COT v 8 50,0% npu UPT. Otmena OT
no nokasaxuam nposogunacsk y 13% fetent npu COT u y 21,4% HoBOpOXAEHHbIX, nonyyasnx UPT. KoHTponb nocne oKoHYaHus
OT nposoauncs B 56,36% cnyvaes COrnacHo KIMMHUYECKUM PEKOMEHAALMSM.

BiiBogbl. NokasaHus k T He cobntopatotcs kak npu HasHadeHun COT, Tak 1 npu UOT. KoHTponb OT cornacHo KNMHUYECKUM PEKO-
MeHAaLMaM He NpoBoauTcs y TpeTn aeTei npu COT ny nonosuHel aeteit npu VOT. B GonblumnHcTee cnyyaes nepesos ¢ APT Ha COT
1 otMeHa COT npoBoANTCS HECBOEBPEMEHHO, YTO MOBbILLAET PUCK OCIIOKHEHU DT,

KnioueBble cnoBa: XenTyxu HOBOPOXAEHHbIX, HEOHaTanbHas rMnepbunmpybHeMIs, HOBOPOXAEHHbIN, JOHOLIEHHbI HOBOPOXAEH-
HbIA, POTOTEPaNMS, OCNIOXHEHWS (hOTOTEPaNUK, KOHTPOMb hoTOTEpPanuu
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RELEVANCE

Photobiology research on bilirubin began with Dr. R. Kre-
mer’s presentation “Light Sensitivity of Serum Bilirubin” at
the 363rd meeting of the Biochemical Society of the Depart-
ment of Chemistry at Durham University (UK) in 1957 [8].
In 1958, R. Kremer described a device [7] for phototherapy
that included eight blue fluorescent lamps. The use of this
device significantly reduced the level of total serum bilirubin
(TSB) in newborns with jaundice. The year 2023 marked
the 65th anniversary of phototherapy (PT) in neonatology.
PT is now widely recognized as the standard treatment
for neonatal jaundice due to its high effectiveness in redu-
cing indirect bilirubin and preventing the development of
bilirubin encephalopathy [12, 13]. At the same time, it has
been shown that a moderate increase in indirect bilirubin in
newborns is beneficial due to its protective antioxidant role
for cell membranes, and extremely low concentrations of
indirect bilirubin can even be dangerous [6, 9, 16]. During
phototherapy, an excessive decrease in indirect bilirubin
weakens its protective effect on cell membranes, making

them susceptible to damage and causing apoptosis under
conditions of oxidative stress induced by PT. Literature dis-
cusses amplification of the BAX gene under phototherapy,
which contributes to the development of apoptosis [10].
Thus, both high and low levels of indirect bilirubin are
dangerous for newborns. Phototherapy is a routine method
in clinical practice, creating a false impression of its safety
for children. Over the past decade, more than 20 early and
a number of late complications have been described, oc-
curring years after PT treatment [17, 18]. To avoid serious
harm to infant health, the use of PT in clinical settings needs
to be standardized and rationalized. Increased attention
is needed when prescribing and administering PT. Photo-
therapy should be considered a “medicine” that is dosed
carefully and judiciously and has serious side effects [11,
14]. Experts from the American Academy of Pediatrics be-
lieve that the benefits of phototherapy outweigh the potential
risk of complications when the TSB level is at or above the
threshold value at which phototherapy is indicated, taking
into account risk factors [19].
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Fig. 1. Checklist of indications for phototherapy in newborns gestational

Yacbl / Hours

age: a — 38 weeks or more; b — 35 0/7 — 37 6/7 weeks [15]

Puc. 1. Yek-nucT nokasaHuit K npoeefeHnio poTOTEpanuu HOBOPOXAEHHBIX [eTel recTalynoHHoro Bospacta: @ — 38 Hedenb u Gonee;

6 — 350/7 — 37 6/7 Hepenb [15]
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Fig. 2. Compliance with the indications for standard phototherapy (SPT) (a) and intensive phototherapy (b) in newborn children with hyperbiliru-

binemia treated in Perinatal Center

Puc. 2. CobntopeHne nokasanuit k ctaHgapTHoit dotoTepanun (COT) (a) U WHTEHCUBHOIA hoToTepanun (6) y HOBOPOXAEHHLIX AeTel ¢

rMnepeunMpyGuHeMMer, NonyYaBLIMX NeyeHne B MepuHaTanbHoOM LeHTpe

AIM

The aim of the study is to determine the duration of
phototherapy, to assess the level of TSB Imonitoring du-
ring and at the end of standard and intensive phototherapy
in order to optimize phototherapy procedures in a level 3A
perinatal center, as well as to evaluate the use of clinical
and laboratory indications for prescribing standard and in-
tensive phototherapy.

MATERIALS AND METHODS

A continuous sample of 100 case histories of full-
term newborns was conducted. All newborns received
phototherapy for neonatal jaundice in the physiology and
pathology departments of a level 3A perinatal center in
2022. When studying the development histories, 78 of
them were found to be suitable for analysis. However,
22 histories did not specify the duration of phototherapy,
which made it impossible to assess timeliness of bilirubin
monitoring and the duration of phototherapy. Question-
naires were compiled to collect data on medical history,
clinical manifestations, and laboratory indicators (TSB
and its fractions, complete blood count, reticulocytes). In
order to assess the adequacy of phototherapy, checklists
from the Australian guidelines for treating hyperbilirubi-
nemia for practicing physicians were used [15]. These
checklists were compiled based on nomograms recom-
mended by the American Academy of Pediatrics [5] and
Russian clinical guidelines [1]. The checklists simultane-
ously include nomograms for indications for PT and ex-
change transfusion, taking into account the gestational
and chronological age of a newborn and the presence
of risk factors. The PT checklist, which should be used
for full-term infants with a gestational age of 38 weeks
or more, is shown in Figure 1, a. For infants born at a
gestational age of 35 0/7 to 37 6/7 weeks, the checklist
shown in Figure 1, b was used.

All data on the clinical manifestations and laboratory
parameters studied in neonatal jaundice were evaluated

in accordance with paragraphs 3.16.11. and 3.16.12 of
the Order of the Ministry of Health of Russia' and the
clinical guidelines “Management of full-term and preterm
newborns with indirect hyperbilirubinemia” [1] and “He-
molytic Disease of the Fetus and Newborn” [3].

RESULTS AND DISCUSSION

78 medical records of newborns diagnosed with in-
direct hyperbilirubinemia requiring phototherapy were
analyzed. When assessing the clinical manifestations of
jaundice, 78.3% of newborns showed subicteric skin, i.e.,
low intensity of jaundiced skin coloration. This term is not
used in full-term newborns with satisfactory subcutane-
ous fat. Due to the fact that full-term newborns “turn yel-
low” in stages from the face to the feet and palms, clinical
guidelines [1] recommend describing jaundice in medical
records, indicating the skin areas on the Kramer scale.
In this case, it will be possible to determine the degree
of jaundice and assess its dynamics. The degree of skin
coloration was assessed using the Kramer scale in only
21.7% of cases.

When diagnosing pathological jaundice, the ICD-10
code “P59.9 — Neonatal jaundice, unspecified” was used
in 64.1% of cases. The reticulocyte level was determined
in only 12.7% of cases, thus, in the remaining cases, the
hemolytic cause of hyperbilirubinemia was not excluded,
and hemolysis is one of the main risk factors requiring
phototherapy according to a nomogram with risk factors.

None of the neonatal case histories included a “Point-
based assessment of the severity of clinical manifesta-
tions of bilirubin encephalopathy in newborns in the acute
period,” which is provided in the clinical guidelines [1], al-
though three children showed general lethargy and poor
suckling. If these symptoms are indeed present in a child

' Order of the Ministry of Health of Russia No. 203n of May 10, 2017 “On
Approval of Criteria for Assessing the Quality of Medical Care.” Available
at: https://www.garant.ru/products/ipo/prime/doc/71575880/ (accessed:
July 29, 2025).




with pathological jaundice, this condition is interpreted as
acute bilirubin encephalopathy and requires escalation of
medical care (in these cases, intensive phototherapy in-
stead of standard phototherapy) [2].

Analysis of compliance with the indications for stan-
dard and intensive phototherapy was performed (Fig. 2).

Thus, only in 52.9% of cases standard PT was pre-
scribed according to direct indications, in 37.3% it was
administered without risk factors, and in 9.8% of cases,
intensive phototherapy (IPT) was required.

IPT is indicated in cases where the rate of bilirubin
increase is >8.5 pymol/L per hour or the bilirubin level is
50 pmol/L or less and is approaching the values for re-
placement blood transfusion. The indications for IPT were
met in only 42% of cases, and IPT was not indicated in
58% of cases.

It should be remembered that the highest number of
early and late complications occurs during IPT, so par-
ticular care should be taken when prescribing this type
of phototherapy. The duration of phototherapy in standard
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and intensive modes in the examined children is shown in
Figure 3.

Only in 7.8% of newborns did the duration of standard
phototherapy (SPT) last less than a day, and in 58.8%
the duration of SPT ranged from 24 to 72 hours (Fig. 3).
The duration of IPT lasted 24-72 hours in 64.3% of cases,
and in one case, the duration of IPT (without indications)
lasted 97 hours.

The optimal duration of PT is determined by proper
monitoring. PT monitoring is defined by the clinical guide-
lines “Management of full-term and preterm newborns
with indirect hyperbilirubinemia” [1]. When performing
standard PT, the level of TSB should be determined eve-
ry 24 hours, and when performing intensive PT — every
6-12 hours [4]. The time of the first bilirubin monitoring for
SPT and IPT is shown in Figure 4.

The first TSB check was performed within the first day
of phototherapy in 82.3% of cases, but in 13.7% of cases,
no TSB check was performed at all. The first IPT check
was performed within the first 12 hours of phototherapy in
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Fig. 3. Duration of standard (a) and intensive phototherapy (b) in newborn children with hyperbilirubinemia treated in Perinatal Center
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Fig. 4. Time to complete the first control during standard (a) and intensive phototherapy (b) in newborn children with hyperbilirubinemia treated in

Perinatal Center
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64.3% of cases, and in 7.1% of cases, no IPT check was
performed.

According to the recommendations, SPT should be
discontinued when TSB level falls 50 pymol/L below the
hourly phototherapy threshold. IPT should be disconti-
nued when TSB level falls more than 50 pymol/L below the
threshold for replacement blood transfusion. If it is neces-
sary to continue phototherapy, it is switched to a standard
mode. Only 13% of infants receiving standard therapy
were discontinued from phototherapy based on clinical
indications. In 21.4% of newborns receiving IPT, it was
discontinued based on clinical indications.

It should be remembered that when PT lasts more
than 72 hours, the risk of early and late complications of
PT increases. After discontinuation of PT, bilirubin should
be monitored; it is recommended to perform monitoring 24
hours after the end of PT. If a day has passed since the end
of PT, transcutaneous bilirubin (TcB) can be monitored. In
the study group, 43.64% of children did not have their bili-
rubin levels monitored before discharge from the neonatal
unit, and there were no recommendations in the discharge
summary to measure TcB or TSB on an outpatient basis.

According to a foreign study, the average duration
of PT in children with a gestational age of more than
37 weeks is 21.0£17 hours, i.e., less than a day [11, 14].
In our study, in most cases, the transfer from IPT to SPT
and the discontinuation of SPT were performed untimely,
which increased the risk of PT complications.

FINDINGS

1. Clinical assessment of jaundice severity using the
Kramer scale was performed in only 21.7% of children; in
the remaining cases, subicteric or icteric skin was indicated.
Clinical manifestations of neurotoxicity are ignored, and
the bilirubin-induced neurological dysfunction scale, which
identifies symptoms of bilirubin neurotoxicity, is not used.

2. Adequate assessment of laboratory parameters
(bilirubin level) for prescribing standard phototherapy was
observed in 52.9% of cases. Indications for intensive pho-
totherapy were observed in 40% of cases. The reticulocyte
level was determined in 12.7% of cases, which did not al-
low correcting indications for prescribing phototherapy in
reticulocytosis, indicating hemolysis.
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AOMNOJNIHUTENIbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHECTU CyLLeCTBEH-
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