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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 IPT. In most cases, the transfer from IPT 
to SPT and the cancellation of SPT is carried out untimely, which increases the risk of PT complications.
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Контроль проведения фототерапии 
при неонатальной желтухе
Г.Н. Чумакова, Д.О. Иванов, Е.В. Бем, С.Т. Посмашная, Н.А. Кривонос, С.Е. Павлова, 
А.С. Панченко, Л.А. Федорова, Д.В. Шакалис
 Санкт-Петербургский государственный педиатрический медицинский университет, Санкт-Петербург, Россия

АННОТАЦИЯ
Актуальность. Основным методом лечения неонатальных желтух является фототерапия (ФТ), которая успешно применяется 
уже в течение 65 лет. Как любой высокоэффективный вид терапии, этот метод лечения может вызывать краткосрочные и 
долгосрочные побочные реакции у новорожденных детей. 
Цель исследования: для оптимизации проведения фототерапии в условиях перинатального центра 3А уровня дать оценку 
клинических и лабораторных показаний к назначению стандартной (СФТ) и интенсивной фототерапии (ИФТ), определить обо-
снованность длительности ФТ и адекватность выполнения контроля уровня общего билирубина сыворотки (ОБС) при про-
ведении и окончании СФТ и ИФТ. 
Материалы и методы. Ретроспективно изучено 78 историй развития детей, получавших фототерапию в связи с наличием 
гипербилирубинемии различной этиологии.
Результаты. В 21,7% визуализация желтухи оценивалась по шкале Крамера. Уровень ретикулоцитов был определен в 12,7% 
случаев. Показания к СФТ соблюдены в 52,9%, а к ИФТ — в 40% случаев. Контроль уровня билирубина после начала ФТ 
осуществлялся в интервалах согласно клиническим рекомендациям в 70,6% случаев при СФТ и в 50,0% при ИФТ. Отмена ФТ 
по показаниям проводилась у 13% детей при СФТ и у 21,4% новорожденных, получавших ИФТ. Контроль после окончания 
ФТ проводился в 56,36% случаев согласно клиническим рекомендациям. 
Выводы. Показания к ФТ не соблюдаются как при назначении СФТ, так и при ИФТ. Контроль ФТ согласно клиническим реко-
мендациям не проводится у трети детей при СФТ и у половины детей при ИФТ. В большинстве случаев перевод с ИФТ на СФТ 
и отмена СФТ проводится несвоевременно, что повышает риск осложнений ФТ.

Ключевые слова: желтухи новорожденных, неонатальная гипербилирубинемия, новорожденный, доношенный новорожден-
ный, фототерапия, осложнения фототерапии, контроль фототерапии
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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]. 

Fig. 1. Checklist of indications for phototherapy in newborns gestational age: a — 38 weeks or more; b — 35 0/7 — 37 6/7 weeks [15]
Рис. 1. Чек-лис т показаний к проведению фототерапии новорожденных детей гестационного возраста: а — 38 недель и более; 
б — 35 0/7 — 37 6/7 недель [15]
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AIM
The aim of the study is to determine the duration of 

phototherapy, to assess the level of TSB lmonitoring 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 Russia1  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 

1 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).

а/a б/b
Fig. 2. Compliance with the indications for standard phototherapy (SРT) (a) and intensive phototherapy (b) in newborn children with hyperbiliru-
binemia treated in Perinatal Center
Рис. 2. Соблюдение показаний к стандартной фототерапии (СФТ) (а) и интенсивной фототерапии (б) у новорожденных детей с 
гипербилирубинемией, получавших лечение в Перинатальном центре
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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 μmol/L per hour or the bilirubin level is 
50 μmol/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 

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 

а/a б/b
Fig. 3. Duration of standard (a) and intensive phototherapy (b) in newborn children with hyperbilirubinemia treated in Perinatal Center
Рис. 3. Продолжительность стандартной (а) и интенсивной фототерапии (б) у новорожденных детей с гипербилирубинемией, получавших 
лечение в Перинатальном центре
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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
Рис 4. Время выполнения первого контроля при проведении стандартной (а) и интенсивной фототерапии (б) у новорожденных детей 
с гипербилирубинемией, получавших лечение в Перинатальном центре
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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 μmol/L below the 
hourly phototherapy threshold. IPT should be disconti-
nued when TSB level falls more than 50 μmol/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.

3. Bilirubin levels during phototherapy were monitored 
according to the relevant clinical recommendations in 
70.6% of cases with standard phototherapy and in 50.0% 
with intensive phototherapy.

4. Timely discontinuation of phototherapy was per-
formed in 13% of children receiving standard photothe-
rapy and in 21.4% of newborns receiving intensive pho-
totherapy, indicating excessive duration of phototherapy 
courses.

5. Bilirubin levels were not monitored 12–24 hours af-
ter the end of phototherapy in 43.64% of cases.

CONCLUSION
Phototherapy is a “medicine” that requires strict con-

trol over its prescription and use. To increase the effec-
tiveness and safety of treating newborns with pathological 
hyperbilirubinemia, it is necessary to strictly adhere to the 
indications for prescription and monitor serum bilirubin 
levels during phototherapy.
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