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Background: In the pediatric group, most cholestatic patients had disease onset at 0-3 months of age, and
more and more are found to have specific genetic defects after failing to obtain a definite diagnosis by routine
evaluation. To investigate the etiological diagnosis for the newborns with cholestasis during the neonatal
period after emerging molecular tests comprehensively.

Methods: We conducted a retrospective study to evaluate clinical characteristics, etiologies and outcomes
in infants with neonatal cholestasis after emerging molecular diagnostics from January 1st to December 31st,
2019 in Children’s Hospital of Fudan University.

Results: There were 160 cases of neonatal cholestasis with mean gestational age (GA) 32.6+4.8 weeks and
birth weight (BW) 1,880+991 g, composing 3.4% of total neonatal admissions in 2019. Overall 97.5% (n=156)
patients had a definite diagnosis, including 9 obtaining a genetic diagnosis after adding molecular test in
routine evaluation, which made the diagnosis rate for cholestasis increased by 5.6%. The most common
etiology of cholestasis in the neonatal period was parenteral nutrition-associated cholestasis (PINAC) 48.8%
(n=78), followed by cardiovascular and circulatory disorders 18.1%, biliary anatomic obstruction 12.5%,
infection 8.7% and genetic disorders 5.6%. PNAC and biliary anatomic obstruction were the most common
etiology of cholestasis for preterm and term infants respectively. The mortality rate is 2.5% (n=4) and 91.9%
(n=147) patients totally recovery or improve in follow-up.

Conclusions: The causes of cholestasis in neonates are complicated, molecular diagnostics can improve
the etiological diagnosis for newborns with cholestasis. But still, quite amount of causes are remediable and
transient during the neonatal period, gene test may help to rule out genetic causes and enhance confidence in
judging prognosis.
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Introduction

Cholestatic jaundice affects approximately 1 in every 2,500
to 5,000 term infants and is thus infrequently observed by
most providers when taking care of infants (1). Neonatal
cholestasis is never physiological but rather a sign of
hepatobiliary and/or metabolic disorders, some of which
might be fatal if it is not identified and treated in time.
Timely evaluation is essential for identifying those causes
amenable to treatment and to offer accurate prognosis. The
etiologic diversity of neonatal/infantile cholestasis has been
described previously (2). The most commonly identifiable
etiologies are biliary atresia (BA) (25-35%), genetic
intrahepatic cholestasis (25%), and metabolic diseases
(20%), other risk factors included small for gestational age
(SGA), neonatal surgery, alloimmune hemolytic disease and
a history of some neonatal injurious event [asphyxia, sepsis,
total parenteral nutrition (TPN), etc.] (3-7).

Recent studies in the understanding of the molecular
basis of cholestatic syndromes can realize the classification
of these syndromes, and it has offered an opportunity
for the development of diagnostic methods that take
into account the genetic makeup of neonatal/infantile
intrahepatic cholestasis (4,8). More and more cholestatic
patients who failed to obtain a definite diagnosis by routine
checking have been found to have specific genetic defects
(4,9), especially in the pediatric group (10).

As one of the largest medical centers for pediatric liver
disease in China, our patients are distributed from all parts
of China (11). Wang et 4/. found that most cholestatic
patients had disease onset at 0-3 month of age and about
one-third obtained a genetic diagnosis. The rate of
positive genetic diagnosis in patients with disease onset at
0-3 month of age was higher than that onset at 4 months of
age or later (12). But the situation of cholestasis in neonates
is not clear.

To further investigate cholestatic patients with disease
onset in the neonatal period, we conducted this study to
evaluate clinical characteristics, etiology and outcomes in
these infants after emerging molecular diagnostics in our
neonatal intensive care unit (NICU).

We present the following article in accordance with
the STROBE reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-21-503/rc).

Methods

The study was conducted in accordance with the Declaration
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of Helsinki (as revised in 2013). The study was approved
by Ethical Review Board of Children’s Hospital of Fudan
University [No.: (2021) 290] and individual consent for this
retrospective analysis was waived. This study was to evaluate
the incidence and potential causes of cholestasis for all the
NICU admission newborns from January Ist to December
31st, 2019 at Children’s Hospital of Fudan University. The
flowchart of the patient inclusion and integration process is
shown in Figure 1. The serum total and direct bilirubin from
the initial blood biochemistry on admission was evaluated
as inclusion criteria if it matches the definition, direct serum
bilirubin level >17.1 pmol/L (1 mg/dL) when the total
bilirubin is <85.5 umol/L (5 mg/dL) or >20% of the total
bilirubin if the total bilirubin is >85.5 pmol/L (4). And for all
the cases without cholestasis on admission, the follow up of
serum bilirubin would be done with the nutrition blood work
every 1-3 weeks according to clinical requirements to find
late-onset cases. The same definition was used as criteria.
Once patients were noticed to have cholestasis whatever on
admission or during the hospitalization, written informed
consent would be obtained from the parents/guardian to
get the blood sample for genetic analysis. Patients would
be directly evaluated by panel sequencing, and Sanger
sequencing was only used to confirm variants of interest (12).

The genetic tests were done using 2 mL of EDTA-
anticoagulated blood sample. DNA was extracted from
peripheral blood. Clinical exome sequencing (CES) using
the Agilent ClearSeq Inherited Disease panel kit (including
2,742 genes) was enriched from the fragments of patients’
genomic DNA and performed on an Illumina HiSeq X10
(Illumina). The average on-target sequencing depth was
200x for CES (13). Variants of interest were validated by
Sanger sequencing.

Except for the genetic tests, investigations for the etiology
of neonatal cholestasis included infections, anatomic
obstruction of the biliary system, endocrinopathies,
metabolic disorders, cardiovascular and circulatory disorders,
toxin and drug exposures, etc. (6). Nutritional management
like Fat-soluble vitamins, medium-chain triglyceride (MCT)
formula feeding is instead if breastmilk is not available.
Satisfactory energy supplement, and symptomatic treatments
such as Ursodesoxycholic acid and Compound Glycyrrhizin
were commenced as well. The cause of neonatal cholestasis
for each patient was confirmed by at least two of the three
neonatologists.

SGA was defined as a birth weight (BW) <10th
percentile according to neonatal standard curves (14).
Transient neonatal cholestasis is characterized by: early-
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Figure 1 The flowchart of the patient inclusion and integration process. NGS, next-generation sequencing.

onset cholestasis, absence of a known cause of neonatal
cholestasis, normalization of clinical and biochemical
parameters during follow-up, and a history of some
neonatal injurious event (asphyxia, sepsis, TPN, etc.) (7,15).
Parenteral nutrition-associated cholestasis (PNAC) was
defined as neonates presented cholestasis after receiving
PN for >14 days and alternative causes of cholestasis were
excluded, namely obstructive causes (e.g., extrahepatic BA),
primary liver disease and metabolic liver disease. BA was
confirmed by surgical exploration with an intraoperative
cholangiogram. Red cell alloimmune hemolytic disease was
identified by blood group, Coombs’ and irregular antibody
tests (5). Neonatal hemochromatosis was confirmed by the
demonstration of extra-hepatic iron deposits sparing the
reticuloendothelial system (16). The causes of neonatal
cholestasis are based on the review from Feldman etc. (8).

Statistical analysis

Statistical analysis was performed using SPSS software (v.
22.0, SPSS Inc., Chicago, IL, USA). Continuous variables

were summarized as mean + SD, or median and interquartile
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range (IQR), or range. Categorical data were expressed as
count and percentage (%). Chi-square or Fisher’s exact test
for categorical variables and Mann-Whitney for continuous
variables were used for comparison. For all analyses,
significance was set at P<0.05.

Results
Clinical characteristics

There were 160 cases of neonatal cholestasis, composing
3.14% (160/5,089) of total NICU admissions in 2019.
There were 98 infants with cholestasis figured out on
admission, and 62 cases (1.24%) were noticed with
cholestasis from the remaining 4,991 new admissions during
hospitalization including 7 term and 55 preterm cases with
GA from 25" to 36" weeks.

In all 160 cases, the male: female ratio is 1.8:1. The mean
GA is 32.6+4.8 weeks, in which 71.2% (n=114) are GA
<37 weeks. The mean BW is 1,880+991 g with 48.1% (n=77)
born with a BW <1,500 g. The mean cholestasis onset age
is 27+19 days. Patients with SGA account for 18.8% (n=30).
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Figure 2 Etiology of neonatal cholestasis in term and preterm

infants.

Causes of neonatal cholestasis

The most common etiology of cholestasis was PNAC
48.8 % (n=78), followed by cardiovascular and circulatory
disorders 18.1% (n=29), biliary anatomic obstruction
12.5% (n=20) (including surgery confirmed BA, n=17),
infection 8.7% [n=14, including cytomegalovirus (CMV),
n=7; enterovirus, n=4; fungus, n=1; mycoplasma, n=1
and syphilis, n=1], genetic and metabolic disorders
5.6% (n=9), post Rh or ABO incompatibility 2.5% (n=4,
including Rh incompatibility, n=3 and ABO, n=1), neonatal
hemochromatosis 1.2% (n=2), and unknown 2.5% (n=4).

PNAC and biliary anatomic obstruction were the most
common etiology of cholestasis for preterm and term infants
respectively (Figure 2). There were 98.7% and 79.5%
neonates with GA <37 weeks and BW<1,500 g in neonates
with PNAC respectively. Of all the 78 cases of PNAC,
33 cases belong to the 62 cases without this issue on
admission and the initial diagnosis of PNAC was made
during the follow-up nutrition blood work. Another
45 cases of PNAC were transferred from local hospitals
had a much more complicated course of diagnosis and
management.

The group of cardiovascular and circulatory disorders
included both antenatal and postpartum events, and
vascular malformation. There were 15/29 cases in this
category identified as SGA, all of them with a history of
intrauterine growth retardation (IUGR) due to pregnancy-
induced hypertension(n=8), Twin-to-twin transfusion
syndrome (n=4), selective IUGR (n=2), and severe rotation
of umbilical cord (n=1), and almost all the cases had been
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noticed with reverse umbilical blood flow from intrauterine
ultrasound. The cholestasis onset age in this group was 8
[6-10] days after birth. There were 4/29 defined as special
circulatory disorders associating with portal vein or hepatic
vessels malformation including hepatic hemangioma
(n=2), hepatic arteriovenous fistula (n=1), and congenital
portosystemic shunts (n=1).

There were a total of 87.5% (n=140) cases with genetic
tests, in which 36 variants were picked up, but only 9
were validated by Sanger sequencing and considered as
a positive genetic test for cholestasis, including Alagille
syndrome (74G1, n=2), pigment incontinence (/IKBKG,
n=2), Niemann-Pick disease, type Cl (NPCI, n=1),
Coproporphyria (CPOX, n=1) and Hyper-IgD Syndrome
(MVK, n=1), Williams-Beuren syndrome (n=1), Down
Syndrome (n=1) (Table SI).

There were 20 cases of decline genetic tests including
8 cases in the PNAC group, 2 in cardiovascular and
circulatory disorders, 4 in Biliary anatomic obstruction, 2 in
infection, 2 in transient cholestasis secondary to hemolysis,
and 2 in the unknown group, while the other 2 in the
unknown group had negative genetic tests.

Prognosis

The overall mortality was 2.5% (n=4), and the rate of full
recovery from cholestasis was 15.6% (n=25) at discharge.
In the remaining 131 patients, 6.9% (n=9) lost follow-up,
55.0% (n=72) totally recovered from cholestasis and 38.2%
(n=50) improved from cholestasis during one year’s follow
up. The 9 infants who lost follow-up included 4 PNAC,
3 BA, 1 infection and 1 hepatic arteriovenous fistula.

Compared with PNAC infants, non-PNAC ones had a
lower proportion of preterm infants and infants with BW
<1,500 g (37/82, 45.1% wvs. 77/78, 98.7%, P<0.001) and
(15782, 18.3% wvs. 62/78, 79.5%, P<0.001), early cholestasis
onset age (12 vs. 39 days, P<0.001), early-onset age of elevated
ALT (21 vs. 55 days, P<0.001), and quicker improvement
from cholestasis (38 vs. 76 days, P<0.001) and shorter length
of hospital stay (20 vs. 60 days, P<0.001) (Zable 1).

Two dead infants in the PNAC group had negative
results of genetic tests, necrotizing enterocolitis and sepsis
were the radical causes for death respectively. Four cases
in the PNAC group lost to follow up with an unknown
outcome.

For the 29 infants in the group of cardiovascular and
circulatory disorders, 93.1% (n=27) improved or recovered
from cholestasis except 1 died at 13 days of life because of
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Table 1 PNAC and non-PNAC infants: clinical characteristics and outcomes

PNAC (N=78) Non-PNAC (N=82) P value
GA, w 29.1+2.6 35.9+4.0 <0.001
SGA 10 (12.8) 20 (24.4) 0.061
GA<37 w 77 (98.7) 37 (45.1) <0.001
BW, g 1,255+512 2,475+971 <0.001
BW<1,500 g 62 (79.5) 15 (18.3) <0.001
Admission age, d 28 [0-53] 17 [6-28] 0.065
cholestasis onset age, d 39 [28-54] 12 [5-22] <0.001
onset age of elevated ALT, d 55 [44-72] 21 [13-33] <0.001
Elevated ALT, n (%) 45 (57.7) 55 (67.1) 0.260
Age of cholestasis improved, d 76 [62-97] 38 [29-60] <0.001
Duration of hospital stay, d 60 [30-81] 20 [12-37] <0.001

Values are given in n (%), mean + SD or median and interquartile range [IQR]. Comparisons of categorical variables were performed with
Chi square test or Fisher’s exact test. Mann-Whitney test was applied for comparisons of continuous variables. PNAC, parenteral nutrition-
associated cholestasis; GA, gestational age; SGA, small for GA; BW, birth weight; ALT, Alanine aminotransferase.

hemorrhagic shock, and 1 with hepatic arteriovenous fistula
lost follow-up.

For the 20 infants with biliary anatomic obstruction,
85.0% (n=17) with BA got better after Kasai surgical
operation until one year follow-up. The rest 3 were
suspected as BA by positive findings of ultrasound and/or
hepatobiliary radionuclide scans, but parents refused further
cholangiogram and lost follow-up.

In the infection group, only 1 with enterovirus infection
lost to follow-up with quite severe liver dysfunction and
the rest 92.8% (n=13) recovered completely or got better
during follow-up.

There were 4 cases secondary to alloimmune hemolytic
disease, 3 Rh and 1 ABO incompatibility, all getting better.
2 infants with neonatal hemochromatosis, one died of liver
failure, the other with Down syndrome improved from
cholestasis. All the 9 infants with positive genetic tests got
better or stable during follow-up.

Discussion

Cholestasis is not a common situation in newborn period,
while more and more studies demonstrated it may be an
important evaluation part for the newborns in NICU.
The overall incidence of the newborn with cholestasis in
NICU from our data is 3.14% (160/5,089), which is greatly
higher than the incidence in live births (17). Except for the
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part admitted for cholestasis, the incidence of cholestasis
confirmed during the stay of hospitalization is 1.24%
(62/4,991). This is still ten times higher than the overall
incidence in a live birth, and the evaluation for cholestasis
is necessary for the population in NICU, and the follow-up
screening could be included in the nutrition blood work.
PNAC was the most common causative factor in
newborn cholestasis cases from our data, mainly involves
very and extremely low BW, and post-surgery premature
infants. These cases had lifesaving TPN;, and some of them
also suffered from confirmed risk factors for cholestasis,
such as lack of enteral feeds, intestinal surgery, experiences
of sepsis and antibiotics. PNAC is an early stage of the
spectrum of PN-associated liver disease which ranges
from mild and reversible cholestasis to end-stage liver
disease (18). The definition of PNAC is varied, but the
usual criteria are direct bilirubin of 2 mg/dL or greater
while being on PN for 14 or more days (19). Therefore,
the diagnosis was considered only after TPN therapy for
more than two weeks and the bilirubin parameter wasn’t
matched cholestasis before TPN was initiated. In our data,
except one term infant with congenital diaphragm hernia
presented cholestasis was considered as PNAC, most of
totally 78 cases of PNAC were preterm infants with the
average GA of 29.1+2.6 weeks, who were recognized as the
high-risk population of PNAC. The comparison between
PNAC and non-PNAC showed the cholestasis onset age
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was much older, TPN duration was much longer, and the
average GA was smaller in the PNAC group. In this group,
nutrition blood work follow-up every one to three weeks
was routine and exercisable, and the results for PNAC were
almost detected as early as possible. The overall prognosis
of PNAC was better if it was detected in the early stage.
The incidence of PNAC has been improved compared
with our previous data, which may be benefited from the
overall nutritional management and the adoption of SMOF
(lipid emulsion consisting of soybean oil, medium-chain
triglycerides, olive oil, and fish oil) (20).

The second cause of cholestasis in our data was the
category of cardiovascular and circulatory disorders. It
included both antenatal and postpartum events, there
were 15 in 29 cases in this category identified as SGA
according to the Fenton growth chart (14). Except for
IUGR, they all required TPN after birth due to low BW
and feeding intolerance and abdominal distention, while
cholestasis onset age in this group was much earlier than
it in the PNAC group, 8 [6-10] vs. 39 [28-54] days. Some
units considered this as transient neonatal cholestasis with
additional risk factors beyond PN. Postpartum events more
likely affected term or near-term infants. Cholestasis was the
sign of liver damage, as one of multiple organs damage (7).
There were 4/29 in total defined as special circulatory
disorders associating with portal vein or hepatic vessels
in our data. These are not commonly defined causes for
cholestasis, but in the neonatal population, we do recognize
these should be integrated into the regular investigation
of neonatal cholestasis to rule out congenital vessel
malformations. These could be treatable clinical disorders
if they can be found in the early-stage, Doppler ultrasound
as a non-invasive screening is a first-line option. The
further intervention requirements need clinical and imaging
assessments, some could be asymptomatic and no needs for
treatment except follow-up (21,22).

Biliary anatomic obstruction was the third cause for
neonatal cholestasis as expected. We had a total of 20 cases
in this category, 90.0% (n=18) were term infants. There
were 85.0% (n=17) confirmed as BA by cholangiogram in
surgery and had Kasai operations as a reasonable option.
All the cases were admitted to NICU because of elevated
conjugated bilirubin and/or pale stools and the average
diagnostic time was 35 days (13-51 days) of life, within one
week after admission. The stool color card as a screening
test in China has helped to move up the diagnostic time of
BA to the neonatal period (23). Early operation within two
months of age helped to improve the overall prognosis (24).
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Infections such as CMV (7/14), enterovirus (4/14),
fungus (1/14), mycoplasma (1/14) and syphilis (1/14) were
all reported as an etiology of neonatal cholestasis (25).
Maternal history, serum antibody, DNA of pathogen
and metagenomic next-generation sequencing (mNGS)
were tested and collected for diagnosis. The infection of
enterovirus was most concerned because of the multiple
organ dysfunction and the possibility of poor outcome.
The other types of infection, most belonging to TORCH
were well understood, the outcomes are various according
to different pathogens and different infection time points
(26-29). Fortunately, all the outcomes in our cases with
infection were benign except one of enterovirus lost to
follow up.

Transient neonatal cholestasis secondary to Rh or
ABO hemolysis was another optimum cause in neonatal
cholestasis. Most cases would present self-limited and self-
recover and no special therapy was always required. It has
been studied that in neonates with severe erythroblastosis
fetalis and Rh or ABO incompatibility (5), and G6PD as
well (30).

Neonatal hemochromatosis is a gestational alloimmune
liver disease in neonatal period, which is a very rare
disease and it could be misdiagnosed without pathology or
demonstration of siderosis by magnetic resonance imaging
(MRI) imaging (31,32). Extrahepatic siderosis in the
pancreas, myocardium, thyroid and minor salivary gland
is a characteristic feature of neonatal hemochromatosis.
Although cascade of events leads to acute liver failure and
neonatal death, it was treated with intravenous immune
globulin (IVIG) successfully (33).

Genetic and metabolic disorders were considered as
one of the most common causes in 0-3 months infants.
This was the original intention to design this project in
the neonatal period. We collected 140 cases who have
genetic tests, in which 36 variants were picked up, but only
9 were validated by Sanger sequencing and considered as
a positive genetic test for cholestasis. The previous report
obtained a molecular diagnosis with cholestasis onset at
0-3 months of age was 37.2% (12). In our data, the overall
incidence of neonatal cholestasis with a genetic diagnosis
was only 6.43% (9/140) and the 7AGI was the one listed
in the most common genes. The reason for the difference
between neonates and 0-3 months is considered as below:
first, most mild PNAC diagnosed in NICU were followed
up by neonatologists, and not referred to hepatologists.
Second, the numbers could be underestimated as the panel
sequencing was recommended to all cases once cholestasis
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onset, but there were still 20 in 160 cases refused by the
parents for different reasons, and some of them recovered
completely in follow-up, while some were discharged
without medical advice and follow-up. Although the genetic
diagnosis wasn’t picked up as many cases as we expected,
it did help rule out the reason for genetics in the other
categories.

After genetic test commenced for neonates with
cholestasis, the total diagnosed rate for cholestasis was
97.5% (156/160) from our data, which is much better than
ten years ago when we had no genetic test. Our study in
2012 presented 7-year data, 3/35 unknown and 3/35 with
unclear genetic or metabolic problems in term infants,
and 13/141 unknown and 2/141 with unclear genetic or
metabolic problems in preterm infants with cholestasis,
the total diagnosed rate was only 85.8% (151/176) (34).
And we did recognize that the other clear etiologies of
neonatal cholestasis were quite similar if deducting genetic
and metabolic causes, now 91.9% (147/160) vs. 85.8%
(151/176). The importance of genetic test does not only
provide a diagnostic pattern, but it may also help for the
therapy in the future (8).

Conclusions

The causes of cholestasis in neonates are complicated. The
molecular diagnostic test can improve the diagnosis for
these infants. Although inherited intrahepatic cholestasis is
one of the most common causes in young infants, we should
realize that there are many remediable causes for cholestasis
in the neonatal period as well. PNAC and BA were the
most common cause of cholestasis for preterm and term
infants respectively, and transient cholestasis secondary
to hemolysis, cardiovascular and circulatory disorder,
congenital structure anomalies of the hepatobiliary system
and gestational alloimmune liver diseases are also special
causes in the neonatal period. Gene tests may help to rule
out genetic causes and enhance confidence in judging

prognosis.
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