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A B S T R A C T

Background: Regarding the close association between neonatal hyperbilirubinemia and

occurrence of pathological jaundice as a cause of neurotoxicity and kernicterus, the present

study aimed to evaluate the use of intravenous immunoglobulin (IVIG) in neonates with

hyperbilirubinemia.

Methods: A retrospective case-control study of blood group Omothers and their ABO and Rh

newborns was conducted. Medical records that included total serum bilirubin levels of 79

patients with hemolytic disease of the newborn (HDN) from between 2017 and 2020 were

reviewed. Neonates who were eligible to receive immunoglobulin based on the American

Academy of Pediatrics (AAP) guidelines were classified as cases and the rest were included

as the Control Group.

Results: The mean total bilirubin in relation to hemoglobin levels in IVIG-treated neonates was

significantly lower than in non-IVIG-treated neonates (13.98 § 4.23 mg/dL versus

16.61 § 2.68 mg/dL; p-value = 0.002). Although females had longer hospitalizations in both IVIG-

treated (3.81 § 1.28 versus 3.54 § 1.30 days; p-value = 0.509) and non-IVIG-treated (3.43 § 0.811

versus 3.19 § 0.75 days; p-value = 0.361) groups compared to males, this difference was not sig-

nificant between the groups. Although four neonates with ABO incompatibility required packed

red blood cells, all infants were managed medically and no deaths occurred during the course

of treatment. Moreover, no exchange transfusion or adverse effects of IVIG were observed.

Conclusion: The results from the present study revealed that IVIG administration is a useful

procedure for the management of bilirubin encephalopathy with greater opportunity to

reduce exchange transfusion requirements for neonatal hyperbilirubinemia.
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Introduction

Hyperbilirubinemia is one of the most common clinical prob-

lems of newborns especially in the first week of life; it is

observed in approximately 60 % and 80 % of full-term and pre-

term infants, respectively.1-3 The yellow color of the skin and

mucous membranes, called jaundice, is due to the accumula-

tion of unconjugated bilirubin (UCB) pigment.4,5 The risk fac-

tors of hyperbilirubinemia are numerous and include

cephalohematoma, prematurity, unsuccessful breastfeeding

and immunologic or non-immunologic anemia6.

Generally, jaundice is of physiological, pathological, hemo-

lytic and breast milk etiology. Physiological jaundice occurs as

a limited ability to eliminate bilirubin by the liver in the first

few days of life and is not related to red blood cell destruction.

Due to the antioxidant properties of bilirubin, this increase at

the beginning of life can protect the baby from the high con-

centrations of oxygen in the air.7,8 Diagnosis of physiological

jaundice in preterm and term infants is based on the exclu-

sion of other causes of jaundice based on history, tests and

examinations.9,10 Jaundice is considered pathological if the

time, duration, or pattern of onset is significantly different

from physiological jaundice. Themost important pathological

causes of hyperbilirubinemia are immune and non-immune

hemolytic anemia, sepsis and the presence of bruising or

other extravasation of blood in which the infant may be at

risk for bilirubin-induced brain injury.3,11 Although several

factors such as central nervous system maturation at the

time of exposure, hemolysis, inflammation, acidosis and

some genetic factors are involved in the pathology of biliru-

bin-induced brain injury, the exposure of astrocytes and neu-

rons to free bilirubin has a pivotal role through impairment of

energy metabolism, decreasing oxygen consumption of brain

cells and death.12,13

The goal of jaundice treatment is to prevent kernicterus

spectrum disorder due to hyperbilirubinemia. Indeed, UCB

penetrating the central nervous system affects many neuro-

nal and non-neuronal cells. One class of these cells is micro-

glia which secrete many pro-inflammatory cytokines and

matrix metalloproteinases (MMPs).12,14 MMPs are calcium-

dependent zinc-containing endopeptidases that digest vari-

ous extracellular matrix (ECM) macromolecules which have a

role in modulating bilirubin-induced neurotoxicity.13 Neona-

tal jaundice treatment includes phototherapy, exchange

transfusion (ET) and, alternatively, intravenous immunoglob-

ulin (IVIG) therapy.15 Phototherapy is at the forefront of thera-

peutic interventions and is the most widely used method of

treatment. In the event of intensive phototherapy failure, ET

is the second most widely used treatment method.16 Some

documented researches have shown that the treatment of

infants with IVIG, especially those with a blood type incom-

patible with their mother’s, significantly reduces the need for

ET.17,18 Contrariwise, some studies questioned the effect of

IVIG on improving the condition of infants with jaundice.19,20

The current study was conducted to investigate the effect

of IVIG on hyperbilirubinemia in neonates with neonatal

jaundice and the need for immediate treatment under certain

conditions with the introduction of IVIG as a new treatment

in these infants,

Material and methods

This retrospective cross-sectional study was performed on neo-

nates with jaundice who were admitted to the 17-Shahrivar Hos-

pital in Rasht, Iran during the period of 2017−2020. According to

the 2004 American Academy of Pediatrics (AAP) guidelines, IVIG

infusion can be used in neonates with hyperbilirubinemia due to

hemolytic disease of the newborn (HDN) particularly if the total

serum bilirubin is rising despite intensive therapy or if the biliru-

bin level is within 2−3 mg/dL (34−51 mmol/L) of the threshold

level for ET.21 Those neonates who were eligible to receive IVIG

based on the AAP guidelines were classified as cases and the

rest were included in the Control Group.

The case group included healthy term and near-term neo-

nates (gestational age ≥35 weeks) who were diagnosed with

jaundice based on clinical and laboratory evidence including

total serum bilirubin, direct antiglobulin test (DAT), direct

serum bilirubin, hematocrit, complete blood count, glucose-6-

phosphate dehydrogenase screening, blood culture and liver

function tests. Although, the parameter used was total biliru-

bin as long as direct bilirubin was normal, in situations where

the direct bilirubin level was more than 2 mg/dL or 20 % of the

total serum bilirubin (conjugated hyperbilirubinemia), the

serum level of indirect bilirubin was calculated by the differ-

ence between total and direct bilirubin.22

The demographic characteristics, including sex, age, gesta-

tional age, IVIG therapy, length of phototherapy, blood trans-

fusions and medical complications were collected through a

review of the medical records.

Neonates with a history of asphyxia, sepsis, hydrops feta-

lis, thrombocytopenia, congenital infections, congenital mal-

formations, infants with <35 weeks gestational age, birth

weight <2500 g, the presence of hematomas or diffuse cutane-

ous bruising and from mothers with other ABO blood groups

except type O were excluded.

Phototherapy was initiated when the newborn’s serum bil-

irubin level reached the phototherapy threshold and stopped

when the bilirubin levels dropped to safe limits according to

the AAP criteria.21 Phototherapy was provided using a LED

phototherapy system (Tosan Medical Inc., Tehran, Iran) pro-

viding 32 microW/cm2.nm intensity. In the IVIG group, immu-

noglobulin treatment with phototherapy was started in

neonates with HDN based on the aforementioned guidelines.

Hemolysis was diagnosed by anemia (hemoglobin level

below 14 g/dL), reticulocytosis (reticulocyte count above 7%

on the first day, above 3% between second and fourth days

and above 1% by 7 days of life) and abnormal peripheral blood

smear with spherocytes, polychromasia and increased num-

ber of nucleated red blood cells.6 IVIG would be administered

when the neonate’s bilirubin value was only 2−3 mg/dL below

the threshold for ET. Possible side effects of IVIG such as

fever, anaphylaxis, bronchospasm, hemolysis, necrotizing

enterocolitis, tachycardia were recorded and the bilirubin was

measured in all newborns before discharge.

This study was carried out in accordance with the Declara-

tion of Helsinki. The study was approved by the Ethics Com-

mittee of Guilan University of Medical Sciences and informed

consent waiver was obtained as it is a retrospective analysis.

(Ethical Code: IR.GUMS.REC.1398.445).
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Statistical analysis

For statistical analysis, the results are presented as means §

standard deviation (SD) for quantitative variables and are

summarized by absolute frequencies and percentages for cat-

egorical variables. Categorical variables were compared using

the chi-square test or Fisher’s exact test. Between groups,

quantitative variables were also compared with the t-test or

Mann-Whitney U test. Correlations between continuous data

used Spearman’s correlation coefficient. For the statistical

analysis, the statistical software Statistical Package for Social

Sciences (SPSS) version 16.0 for windows (SPSS Inc., Chicago,

IL) was used. P-values of 0.05 or less were considered statisti-

cally significant.

Results

A total of 79 neonates were included in the study on the basis

of the inclusion criteria they received phototherapy immedi-

ately after admission to the neonatal ward (Figure 1). The rea-

son for the exclusion of neonates included other causes of

neonatal jaundice such as breast milk jaundice, prolonged

jaundice, excessive physiological jaundice, etc. Furthermore, a

number of infants required ETs from the time they were admit-

ted to the hospital or were not candidates for IVIG according to

the AAP guidelines. Finally, infants with mothers with other

ABO blood groups except type O were excluded. As summa-

rized in Table 1, there was no significant difference in the

demographic characteristics, including chronological age, sex

and birth weight, between the two groups with or without IVIG

therapy. The mean of total bilirubin in IVIG-treated neonates

was significantly lower than in non-IVIG-treated neonates

(13.98 § 4.23 mg/dL versus 16.61 § 2.68 mg/dL: p-value = 0.004).

All mothers of both IVIG and non-IVIG-treated infants had

the O blood group type. Between the two groups, 51 neonates

had blood group A, 26 had blood group B and two had blood

group O. There were no statistically significant differences

between the two groups with respect to their blood groups

(Table 1). Here, 95.2 % in the IVIG-treated group and 100.0 % in

the non-IVIG-treated group had no compatibility of ABO blood

group system between mother and child (median: 0.952; 95 %

confidence interval: 0.890−1.019; p-value = 0.179). Among

them, 88.1% of IVIG-treated and 89.2% of non-IVIG-treated

neonates had just ABO incompatibility and there was no sta-

tistically significant difference between the groups (p-

value = 0.156).

According to the findings of this study, 22 (59.5%), 13 (35.1%)

and 2 (5.4 %) neonates in the IVIG-treated group, as well as 23

(65.7%), 12 (34.3%), and 0 (0 %) neonates in the non-IVIG-

treated group were Rh+ with blood group A, B and O, respec-

tively. Rh incompatibility was present in 11.9% of the IVIG-

treated and 10.8% of non-IVIG-treated neonates; in respect to

this there was no statistically significant difference between

the groups (median: 1.115; 95 % confidence interval: 0.276

−4.503; p-value = 0.879). Mean serum bilirubin levels were sig-

nificantly higher in non-IVIG-treated neonates compared to

those treated with IVIG in both DAT negative (16.79 § 2.76 mg/

dL versus 13.86 § 4.38 mg/dL; p-value = 0.003) and positive

groups (15.12 § 1.28 mg/dL versus 14.94 § 3.13 mg/dL; p-

value = 0.901 − Table 2).

Considering the gestational age of neonates, 79 infants

were classified as late pre-term (n = 26; 32.9 %) and full-term

neonates (n = 53; 67.1 %; p-value = 0.693). Based on Table 3,

Figure 1 –Flow chart of grouping method of this research.
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Table 1 – Demographic, clinical and outcome characteristics in IVIG-treated and non-IVIG-treated neonates.

IVIG-treated
neonates (n = 42)

non-IVIG-treated
neonates (n = 37)

Median (95 %
confidence interval)

p-value

Chronological age (days) 4.07 § 3.28 4.59 § 1.86 1.077 (0.908−1.276) 0.395

Sex Female - n (%)

Male - n (%)

16 (38.1)

26 (61.9)

21 (56.8)

16 (43.2)

2.133 (0.867−5.248) 0.099

Birth weight (g) 3148.57 § 412.98 3221.62 § 390.67 1.000 (0.999−1.002) 0.419

Gestational age (weeks) 37.86 § 1.28 37.73 § 1.43 0.931 (0.668−1.297) 0.672

Mother’s age (Years) 28.98 § 4.19 30.86 § 5.36 1.088 (0.988−1.198) 0.087

Phototherapy duration (Hours) 63.43 § 30.83 55.78 § 18.81 0.988 (0.971−1.006) 0.196

Parity - n (%)

1

2

3

4

5

21 (50.0)

15 (35.7)

6 (14.3)

0 (0.0)

0 (0.0)

12 (32.4)

20 (54.1)

3 (8.1)

1 (2.7)

1 (2.7)

0.209

History of jaundice in siblings

Yes - n (%)

No - n (%)

12 (57.1)

30 (42.9)

15 (60.0)

22 (40.0)

0.889 (0.274−2.886) 0.845

Neonate blood group

A - n (%)

B - n (%)

AB - n (%)

O - n (%)

26 (61.9)

14 (33.3)

0 (0.0)

2 (4.8)

25 (67.6)

12 (32.4)

0 (0.0)

0 (0.0)

0.394

Bilirubin total (mg/dL) 13.98 § 4.23 16.61 § 2.68 1.228 (1.069−1.410) 0.004

Hematocrit level (%) 38.28 § 6.90 43.49 § 5.11 1.152 (1.057−1.255) 0.001

Hemoglobin level (g/L) 12.76 § 2.30 14.50 § 1.70 1.528 (1.182−1.976) 0.001

ABO incompatibility -% 88.1 % 89.2% 0.156

Rh incompatibility -% 11.9 % 10.8 % 1.115)0.276 �4.503( 0.879

Reticulocytosis

Yes - n (%)

No - n (%)

26 (61.9)

16 (38.1)

13 (35.1)

24 (64.9)

3.000 (1.198−7.516) 0.019

Packed red blood cell

Yes - n (%)

No - n (%)

4 (9.5)

38 (90.5)

0 (0.0)

37 (100.0)

0.000 (0.000-) 0.054

Length of Hospitalization (days) 3.64 § 1.28 3.32 § 0.78 0.752 (0.488−1.159) 0.196

Exchange transfusion 0 (0.0) 0 (0.0) 1.0

Mortality - n (%) 0 (0.0) 0 (0.0) 1.0

Table 2 – Baseline characteristics and outcome in IVIG-treated and non-IVIG-treated neonates with Rh incompatibility.

IVIG-treated
neonates

non-IVIG-treated
neonates

Median (95 % confidence
interval)

p-value

Number of DAT- 37 (88.1 %) 33 (89.2 %)

Gestational age (weeks) 37.81 § 1.29 37.61 § 1.43 0.892 (0.628−1.269) 0.525

Bilirubin total (mg/dL) 13.86 § 4.38 16.79 § 2.76 1.239 (1.073−1.431) 0.003

Hematocrit level (%) 38.41 § 7.22 43.13 § 5.09 1.129 (1.036−1.231) 0.006

Hemoglobin level (g/L) 12.80 § 2.41 14.38 § 1.69 1.441 (1.113−1.864) 0.006

Reticulocytosis

Yes - n (%)

No - n (%)

23 (62.2)

14 (37.8)

12 (36.4)

21 (63.6)

2.857 (1.088−7.598) 0.033

Length of Hospitalization (Days) 3.73 § 1.28 3.36 § 0.82 0.725 (0.459−1.146) 0.168

Number of DAT+ 5 (11.9 %) 4 (10.8 %)

Gestational age (weeks) 38.20 § 1.30 38.75 § 0.96 1.726 (0.403−7.400) 0.462

Bilirubin total (mg/dL) 14.94 § 3.13 15.12 § 1.28 1.038 (0.574−1.878) 0.901

Hematocrit level (%) 37.32 § 4.18 46.47 § 4.86 1.669 (0.855−3.258) 0.134

Hemoglobin level (g/L) 12.44 § 1.39 15.49 § 1.62 4.646 (0.624−34.574) 0.134

Reticulocytosis

Yes - n (%)

No - n (%)

3 (60.0)

2 (40.0)

1 (25.0)

3 (75.0)

4.500 (0.251−80.565) 0.307

Length of Hospitalization (days) 3.00 § 1.22 3.00 § 0.00 1.000 (0.200−5.004) 1.000

S60 hematol transfus cell ther. 2024;46(S5):S57−S64



there was no statistically difference between the two groups

with or without IVIG therapy in respect to total bilirubin,

hematocrit or hemoglobin levels in the late pre-term groups.

However, the mean total bilirubin in IVIG-treated neonates

was significantly lower than that in non-IVIG-treated neo-

nates in full-term neonates (13.58 § 3.48 mg/dL versus

16.27 § 2.53 mg/dL; p-value = 0.007).

Females had longer length of hospitalization (LOH) in both

IVIG-treated (3.81 § 1.28 days versus 3.54 § 1.30 days; p-

value = 0.509) and non-IVIG-treated (3.43 § 0.811 days versus

3.19 § 0.75 days; p-value = 0.361) groups compared to males,

however, there were no significant differences in the LOH

between groups. Moreover, IVIG-treated neonates had longer

LOH in both late pre-term (3.62 § 1.56 days versus 3.08 § 0.64

days; p-value = 0.257) and full-term (3.66 § 1.17 days versus

3.46 § 0.83 days; p-value = 0.487) groups compared to non-

IVIG-treated neonates, nevertheless there were no significant

differences in the LOH between groups. Such a trend was also

been shown by phototherapy duration and ABO and Rh com-

patibility in both Late pre-term and full term groups (Tables 3

and 4).

Here, 64.9 % of neonates with just ABO incompatibility

received one dose and 35.1 % two doses of IVIG compared to

ABO plus Rh incompatible neonates, 66.7 % of whom received

one dose and 33.3 % received two doses of IVIG; there was no

statistically difference between these groups. Additionally, no

adverse effects of IVIG, including type I hypersensitivity (ana-

phylaxis), thromboembolism, renal insufficiency or atypical

meningitis except tachycardia (7.1 %), was observed.

Discussion

The most prominent organ involved in neonatal hyperbilirubi-

nemia is the brain. To reduce morbidity and mortality, the

serum bilirubin level is usually used as an indicator in diagno-

sis; when increased it leads to jaundice. The mainstay of

jaundice treatment is intensive phototherapy followed by ET,

but recent advances in pharmaceutical developments have

produced medications including IVIG that modulate bilirubin

encephalopathy in response to severe hyperbilirubinemia.23,24

Here, the effect of IVIG was examined in 79 neonates with

hyperbilirubinemia divided in two groups to find a better

approach to modulate this problem. It is reported that about

30% of blood group A or B neonates born to a blood group O

mother will have a positive DAT, but our data showed nine

neonates (11.39 %) with Rh incompatibility in three years.

Currently, chances of primary sensitization during the first

pregnancy is about 1 % because of anti-Rh gamma globulin

administration to Rh− pregnant women based on their indi-

rect antiglobulin test at around week 28 of pregnancy and

again within 72 h of birth.25

Carboxyhemoglobin studies revealed that IVIG infusion in

DAT-positive neonates reduces hemolysis which is in agree-

ment with the findings of this study that there is no statisti-

cally difference in reticulocytosis in neonates with anti-D

alloimmunization.26 Based on the findings of the present

study there is no significant difference in the LOH in neo-

nates with anti-D alloimmunization (Table 2). Although

some studies reported that IVIG reduced the duration of pho-

totherapy and hospitalization, others reported no benefit in

outcomes.20,27

Besides, the LOH in neonates with negative DAT in the

phototherapy and phototherapy plus IVIG groups was higher

compared to positive DAT neonates. Agrawal et al. reported

the role of the UGT gene polymorphism in the severity of neo-

natal hyperbilirubinemia in DAT-negative infants which

might partly explain this disparity between infants with posi-

tive and negative DAT.28

According to the findings of this study, the mean total bili-

rubin in IVIG-treated neonates was significantly lower than in

non-IVIG-treated neonates. Considering the significant drop

in hemoglobin and hematocrit, and high reticulocytosis due

to severe hemolysis in neonates in the IVIG group compared

Table 3 – Baseline characteristics and outcomes in IVIG-treated and non-IVIG-treated neonates based on gestational age.

IVIG-treated
Neonates

non-IVIG-treated
Neonates

Median (95 % Confidence
interval)

P-value

Late pre-term (35−37 weeks) 13 (31.0 %) 13 (35.1 %)

Gestational age (weeks) 36.23 § 0.44 36.15 § 0.69 0.779 (0.194−3.133) 0.725

Bilirubin total (mg/dL) 14.88 § 5.63 17.23 § 2.93 1.132 (0.940−1.363) 0.192

Hematocrit level (%) 38.13 § 8.81 43.15 § 5.50 1.105 (0.979−1.248) 0.106

Hemoglobin level (g/L) 12.71 § 2.94 14.38 § 1.83 1.351 (0.938−1.945) 0.106

Reticulocytosis

Yes - n (%)

No - n (%)

7 (53.8)

6 (46.2)

5 (38.5)

8 (61.5)

1.867 (0.392−8.894) 0.433

Phototherapy duration (Hours) 62.77 § 10.36 49.85 § 4.26 0.983 (0.954−1.013) 0.257

Length of Hospitalization (Days) 3.62 § 1.56 3.08 § 0.64 0.661 (0.323−1.352) 0.257

Full term (>37 weeks) 29 (69.0 %) 24 (64.9 %)

Gestational age (weeks) 38.59 § 0.73 38.58 § 0.88 0.995 (0.501−1.978) 0.989

Bilirubin total (mg/dL) 13.58 § 3.48 16.27 § 2.53 1.338 (1.084−1.651) 0.007

Hematocrit level (%) 38.35 § 6.04 43.67 § 5.01 1.193 (1.058−1.346) 0.004

Hemoglobin level (g/L) 12.78 § 2.01 14.56 § 1.67 1.699 (1.183−2.441) 0.004

Reticulocytosis

Yes - n (%)

No - n (%)

19 (65.5)

10 (34.5)

8 (33.3)

16 (66.7)

3.800 (1.212−11.918) 0.022

Phototherapy duration (Hours) 63.72 § 5.23 59.00 § 4.08 0.992 (0.970−1.015) 0.482

Length of Hospitalization (Days) 3.66 § 1.17 3.46 § 0.83 0.824 (0.476−1.424) 0.487
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to the Control Group, according to the APP protocol, treatment

at low levels of bilirubin in the first days of life will be

required. This describes the lower levels of bilirubin in the

IVIG treatment group compared to the Control Group.21

Type O blood group mothers whose serum contains pre-

dominantly IgG rather than IgM antibodies against A and B

antigens were included in this study to define the impact of

the mothers immunoglobulin isotype which can cross the

placenta. Indeed, about 15−20 % of pregnancies involve an O

type mother and a non-O neonate; unlike Rh incompatibility,

this can occur in the first pregnancy. Only 1 % of ABO incom-

patibility cases result in hemolytic disease.27 In this study,

there was no statistically significant difference between the

groups in this regard. In parallel with previous research,

administering IVIG when the neonate’s bilirubin level is 2

−3 mg/dL below the threshold has avoided ET in neonates

with ABO isoimmune hemolytic disease.26 However, Beken et

al. reported that IVIG therapy did not decrease neither photo-

therapy nor hospitalization duration in infants with ABO

hemolytic disease.18

IVIG is an immunomodulating agent with multiple activi-

ties, includingmodulation of complement activation and sup-

pression of various inflammatory mediators. Moreover, the

saturation of immunoglobulin Fc receptors on macrophages

prevents the destruction of neonatal red blood cells by trans-

placental transfer of maternal antibodies including anti-A,

anti-B and anti-A,B as an antibody with significant affinity for

both group A and group B antigens, which reacts with A and B

cells. The AAP recommended IVIG therapy for hyperbilirubi-

nemia of neonates21,25 nevertheless, judgment of its effective-

ness in these neonates should take into account the criteria

for accepted goals from duration of hospitalization to

exchange requirement.

In various published resources, there is an uncertainty

about the amount and frequency of IVIG administration; low-

dose IVIG (0.5 g/kg) reduces the duration of hospitalization

without causing complications, but it is not as effective as

high doses (1 g/kg) in reducing the amount of blood

exchange.29,30 Moreover, in some articles, multiple doses

have shown greater advantages than single administration in

regard to ET in ABO and Rh HDN31,32 whereas, other authors

reported no obvious benefit of IVIG therapy.33 No statistically

significant difference was observed between the two groups

in this study.

The major challenge in the current study is the relatively

small number of patients despite of three years investigation.

Further studies about the administration of IVIG are required

to generalize the findings to broader populations. IVIG ther-

apy in infancy has several complications, such as hemolysis

and necrotizing enterocolitis.27 Based on the data of this

study, there were no significant side effects in neonates

except tachycardia. Although, four neonates with ABO incom-

patibility, equally of both sexes, required packed red blood

cells, all infants were managed medically and no mortality

occurred during the course of treatment.

Conclusions

Collectively, the results of the present study revealed a rea-

sonable decrease of the necessity of ET in HDN. These

patients are at high risk for acute bilirubin encephalopathy

and kernicterus spectrum disorder. Administration of IVIG is

a useful procedure in the management of jaundice with

greater opportunity to reduce ET for neonatal hyperbilirubi-

nemia.
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