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Abstract

Liver disease in pregnancy is rare but pregnancy-
related liver diseases may cause threat to fetal and
maternal survival. It includes pre-eclampsia; eclampsia;
haemolysis, elevated liver enzymes, and low platelets
syndrome; acute fatty liver of pregnancy; hyperemesis
gravidarum; and intrahepatic cholestasis of pregnancy.
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Recent basic researches have shown the various
etiologies involved in this disease entity. With these
advances, rapid diagnosis is essential for severe cases
since the decision of immediate delivery is important
for maternal and fetal survival. The other therapeutic
options have also been shown in recent reports based
on the clinical trials and cooperation and information
sharing between hepatologist and gynecologist is
important for timely therapeutic intervention. Therefore,
correct understandings of diseases and differential
diagnosis from the pre-existing and co-incidental liver
diseases during the pregnancy will help to achieve
better prognosis. Therefore, here we review and
summarized recent advances in understanding the
etiologies, clinical courses and management of liver
disease in pregnancy. This information will contribute
to physicians for diagnosis of disease and optimum
management of patients.

Key words: Pregnancy; Liver injury; Low platelets;
Haemolysis elevated liver enzymes; Acute fatty liver
of pregnancy; Hyperemesis gravidarum; Intrahepatic
cholestasis of pregnancy
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Core tip: Liver disease in pregnancy is rare, however,
pregnancy-related liver diseases may cause threat to fetal
and maternal survival. It includes pre-eclampsia; eclampsia;
haemolysis, elevated liver enzymes, and low platelets
syndrome; acute fatty liver of pregnancy; hyperemesis
gravidarum; and intrahepatic cholestasis of pregnancy. To
improve the maternal and fetal outcomes, recent basic
research and clinical trials have shown the translational
results. The present review aimed to summarize these recent
information to improve maternal and fetal outcomes. Better
knowledge and understandings of etiologies and potential
treatment options for these diseases will help physicians to
manage the diseases.
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INTRODUCTION

Pregnancy causes significant changes in the hormonal
state, leading to physiological and biochemical changes
in the body. Maternal cardiac output and heart rate
increases, however, the hepatic blood flow remains
constant. Gall bladder decreases its motility results
in the higher risk of developing gallstones. The blood
exams during the normal pregnancy show decrease of
albumin and uric acid. Alkaline phosphatase increases
due to placental secretion. In addition, no changes
in the level of aminotransferases and bilirubin are
seen', In addition to the exacerbation or recurrence
of a pre-existing or co-incident liver disease during
pregnancy, a few diseases are directly related to
pregnancy. Commonly, they are classified into two
major categories depending on their etiological
association with or without hypertension. Hypertension-
related liver disease during pregnancy includes pre-
eclampsia; eclampsia; haemolysis, elevated liver
enzymes, and low platelets (HELLP) syndrome; and
acute fatty liver of pregnancy (AFLP). The other
category includes hyperemesis gravidarum (HG) and
intrahepatic cholestasis of pregnancy (ICP). Although
the severity of diseases are differ, however since the
general conditions and hepatic failure can directly lead
to maternal and fetal morbidity and mortality, the
accurate diagnosis and decision of prompt delivery are
essential for managing these diseases. In addition,
the possible risks of developing various hepatobiliary
diseases in patients’ later life have been recently
reported. Therefore, the rapid diagnosis, therapeutic
intervention, and close follow-up are necessary for the
management of pregnancy-related liver diseases.

To date, the timing of disease occurrence has been
considered as a key diagnostic factor. In addition,
recent researches have shown the associations of
genetic components to disease occurrence and clinical
studies have revealed various therapeutic options for
these diseases! . In this review, information currently
available for diseases are summarized for accurate
diagnosis and treatment (Table 1).

LITERATURE ANALYSIS

A literature search was conducted using PubMed
and Ovid, with the term “liver injury”, “pregnancy”,
and with each disease classification. The literatures
written in English from relevant publications were
selected. We summarized the available information on

demographics, clinical symptoms, treatment, and the
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clinical course.

HG

Etiology and clinical features

HG occurs in approximately 0.3%-2.0% of pre-
gnancies during the first trimester™®®!, It is likely
to be multifactorial and starvation, gastric motility,
hormonal factors, and psychological factors have been
reported to be pathogenesis of HG™®!, Relationship of
fetal defects of LCHADY! and impairment of hepatic
carnitine palmitoyltransferase I are involved in genetic
pathogenesis of the disease!™. Risk factors of HG
include multiple gestations and fetal anomalies;
however, the severity of the symptoms varies in cases
and not all women with HG require hospitalization. The
clinical symptoms include severe nausea and persistent
vomiting during the first trimester of pregnancy. These
symptoms lead to dehydration, resulting in weight
loss, ketonuria, hypokalemia, hyponatremia, metabolic
alkalosis, and erythrocytosis'®. The liver injury occurs
in half of HG patients'*® and it has been reported
that the severity of clinical symptoms correlate well
with the degree of liver enzyme elevation™®®. The
clinical presentation of HG with liver disease can range
from mild aminotransferase elevation to rare severe
elevation, with occasional jaundice®®!. To date, no
specific findings of abdominal ultrasound have been
reported with HG.

Management

HG is usually a reversible condition; however, it can
recur in subsequent pregnancies with no permanent
damage to the liver®. The management of HG is
supportive that includes bowel rest, intravenous
fluid replacement, and possible parenteral nutrition.
No therapeutic benefit of corticosteroids has been
reported,

ICP

Etiology and clinical features

ICP is a reversible cholestatic condition that usually
occurs during the third trimester, and although it
disappears after delivery, it is well known to recur in
subsequent pregnancies. In addition, recent reviews
have reported that ICP is related to an increased risk
of developing hepatobiliary diseases in later lifel*!!,
Clinical features of ICP include pruritus, jaundice,
and increased aminotransferase and bilirubin. In
addition, the levels of cytotoxic bile acids such as
chenodeoxycholic acid becomes 10-100-times higher
than the normal levels. A representative case data is
summarized in Table 2. The differential diagnosis from
other cholestatic liver diseases such as viral hepatitis
and autoimmune liver injuries is essential for the
diagnosis. Recently, genetic factors have been reported
to be the etiologies of this disease entity. The results
of comprehensive analyses of genetic variation in
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Table 1 Classification of pregnancy-related liver disease
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HG ICP Hypertension-related liver diseases and pregnancy AFLP
Pre-eclampsia, HELLP
Eclampsia
Time (trimester) 1 2and 3 3 3 3
Frequency (%) 0.3-2.0 0.1-15 5-10 0.2-0.6 0.01
Clinical features Nausea Pruritis High BP High BP Nausea
Vomiting Mild jaundice Edema Edema Vomiting
Dehydration Mild elevation of Proteinuria Proteinuria Hypoglycemia
transaminase
Elevation of bile Seizure Seizure Lactic acidosis
acids
Mild elevation of DIC Severe elevation of
transaminases transaminases
Mild to severe elevation of
transaminases
Pathogenesis starvation, gastric motility, Hormonal Capillary thrombi, fibrin deposition, endothelial Microvascular fatty
-physiologic hormonal factors, psychological factors dysfunction, coagulation activation infiltration
factors
Pathogenesis Genetic mutation of LCHAD, Genetic mutation Vascular remodeling, fatty acid oxidation, and Genetic mutation of
-molecular Palmitoyltransferase I deficiency of MDR3, BSEP immunological factors LCHAD
components
Managements Supportive, Hydration UDCA BP control Prompt delivery Prompt delivery
Plasmapheresis

Liver transplantation

Recurrence Often 50%-70% rare rare higher ratio with genetic

mutation in LCHAD

HG: Hyperemesis gravidarum; ICP: Intrahepatic cholestasis of pregnancy; HELLP: Haemolysis, elevated liver enzymes, and low platelets; AFLP: Acute
fatty liver of pregnancy; BP: Blood pressure; DIC: Disseminated intravascular coagulation; LCHAD: Long-chain 3-hydroxyl coenzyme A dehydrogenase;

MDR3: Multidrug resistance protein; BSEP: Bile salt export protein.

Table 2 Representative laboratory data of intrahepatic cholestasis of pregnancy

Hematology Biochemistry
WBC 10080/ uL TP 6.8 g/dL Bile acid 89.6 umol/L
RBC 410 x 10* /uL Alb 3.7g/dL U acid 0.9 pmol/L
Hb 13.3 g/dL BUN 8 mg/dL Cacid 21.7 pmol/L
Ht 39.8% Cre 0.36 mg/dL C/BA 0.24
PLT 255 x 10*/pL T-Bil 6.3 mg/dL HbAlc 42%
D-Bil 4.0 mg/dL Serum marker
Coagulation AST 2641U/L HBs Ag )
PT% 121% ALT 5451U/L Anti-HBs O]
ALP 310IU/L Anti-HBc ()
LDH 241 1U/L Anti-HCV 0
y-GTP 141U/L AFP 36 ng/mL
ChE 1371U/L AFP-L3 32.8%
TG 197 mg/dL PIVKAII 44 mAU/mL
TC 191 mg/dL ANA ()
IgG 908 mg/dL AMA ()
CRP 0.05 mg/dL

TG: Triglyceride; TC: Total cholesterol; IgG: Immunoglobulin G; U acid: Ursodeoxycholic acid; C acid: Chenodeoxycholic acid; AFP: Alpha fetal protein;
PIVKA: Protein induced by Vitamin K absence or antagonists-1I; ANA: Anti-nuclear antibody; AMA: Anti-mitochondrial antibody. Reconstructed from ref [19]

with permission.

ICP patients have been reported, and common single
nucleotide polymorphisms (SNPs) around ABCB4 and
ABCB11 encoding multidrug resistance protein (MDR3)
and bile salt export protein (BSEP), respectively, have
been reported as key factors of ICP***™, Supporting
these studies, combination of these mutations has
been reported to be related to severe ICP”, and
a recent report has shown the association of other
genetic variations which drive these SNPs™?. These
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genetic etiologies result in the significant differences in
disease frequency among ethnic groups. For example,
we have recently reported the first Japanese case of
severe ICP successfully treated with ursodeoxycholic
acid (UDCA), preventing fetal death and clinical
symptoms. However, much higher rate of 0.1%-1.5%
prevalence has been reported in Caucasians!****>*%],
The relation of hormonal factors is another area of
interest in ICP research because it occurs during the
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Figure 1 Clinical course of intrahepatic cholestasis of pregnancy. UDCA: Ursodeoxycholic acid; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;
T-Bil: Total bilirubin. Reconstructed from ref [19] with permission.

Table 3 Representative laboratory data of haemolysis, elevated liver enzymes, and low platelets syndrome

Hematology Biochemistry Serum marker
WBC 7100 L TP 6.1 g/dL HBs Ag ©)
RBC 452 x 10°/uL. Alb 24g/dL Anti-HBs ©)
Hb 143 g/dL BUN 21 mg/dL Anti-HBc (-)
Ht 41.2% Cre 1.55 mg/dL Anti-HCV (-)
PLT 9.7 x 10°/uL T-Bil 1.7 mg/dL ANA ¢
D-Bil 0.9 mg/dL AMA ©)
Coagulation AST 137 1U/L
PT% 72% ALT 106 IU/L
ATIIL 15% ALP 31510/L
FDP 23.3 ug/mL LDH 6391U/L
y-GTP 151 1U/L
ChE 143 1U/L
CRP 0.62 mg/dL

WBC: White blood cells; RBC: Red blood cells; Hb: Hemoglobin; Ht: Hematocrit; PLT: Platelet; PT: Prothrombin time; ATII: Antithrombin III; FDP: Fibrin
degradation product; TP: Total protein; Alb: Albumin; BUN: Blood urea nitrogen; Cre: Creatinine; T-Bil: Total bilirubin; D-Bil: Direct bilirubin; AST:
Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; LDH: Lactate dehydrogenase; y-GTP: y-glutamyltransferase; ChE:

Choline esterase; CRP: C-reactive protein; ANA: Anti-nuclear antibody; AMA: Anti-mitochondrial antibody.

late phase of pregnancy and resolves after delivery
when sex hormone levels return to normal.

Management

Association of severe ICP with adverse pregnancy
outcomes has been reported”®!! and recent studies have
encouraged the administration of UDCA as a first-line
therapy for ICP**?*, UDCA is effective by decreasing
the levels of serum bile acids, aminotransferase, and
bilirubin and for improving pruritus and preventing
intrauterine death and meconium passage (Figure 1).
ICP usually resolves after delivery and often recurs in
subsequent pregnancies (Figure 1).

HYPERTENSION-RELATED LIVER
DISEASES DURING PREGNANCY

Etiology and clinical features
Pre-eclampsia, eclampsia, and HELLP syndrome are
related to hypertension during pregnancy. Clinical
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features of pre-eclampsia include hypertension,
proteinuria, and edema and can result in fetal growth
retardation. It occurs in 5%-10% of pregnancies
during the third trimester®?®!, Severe pre-eclampsia
can be life threatening to the mother and can result
in fetal morbidity and mortality. The presence of
seizures differentiates eclampsia from pre-eclampsia,
and HELLP syndrome is a variant of severe pre-
eclampsia characterized by hemolysis, elevated liver
enzymes, and low platelet counts, with a frequency
of 0.2%-0.6% during pregnancy®®!, These three
hypertension-related liver diseases share similar
clinical presentations, and differentiation is difficult.
Serum biochemical analysis shows mild to significant
elevations of serum aminotransferases, and no
significant increase can be observed in the serum
bilirubin concentration. A representative case data
is summarized in Table 3. A high level of proteinuria
(> 300 mg/d) can also be observed®!. Capillary
thrombi, infarction, fibrin deposition, and red blood
cell extravasation, leading to endothelial and hepatic
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Figure 2 Clinical course of haemolysis, elevated liver enzymes, and low platelets syndrome syndrome. AST: Aspartate aminotransferase; PLT: Platelet.

dysfunction, are thought to be pathogenically impor-
tant'”. Genetic factors related to vascular remodeling,
fatty acid oxidation, and immunological factors
have also been implicated as risk factors for these
diseases” %,

Management

No specific therapy is required for the hepatic
involvement of pre-eclampsia, and its only significance
is as an indicator of severe disease with a need
for immediate delivery to avoid eclampsia, hepatic
rupture, or necrosis. The tight control of blood pressure
is essential for eclampsia and HELLP syndrome!®?,
and immediate delivery is necessary in some cases
with multi-organ dysfunction, liver infarction or
hemorrhage, disseminated intravascular coagulation
(DIC), fetal compromise, and others®*®!, Intravenous
administration of magnesium sulfate, and fetal
monitoring should be performed to prevent or predict
seizures®™. Effect of corticosteroids is unclear and
remains controversial for the patients®”. The number
of platelet and biochemical abnormalities return to
normal levels within 2 wk of delivery (Figure 2),
however subsequent pregnancies in patients with HELLP
syndrome carry a high risk of complications™®.

AFLP

Etiology and clinical features

AFLP is a rare but serious condition with an incidence
of approximately 1 per 10000 deliveries, and it usually
occurs during the third trimester™ %), The etiology of
this condition has not been fully elucidated; however,
abnormal fetal mitochondrial beta oxidation of fatty
acids has been reported to be involved as a cause
of this condition in the mother®¥. In particular, a
fetal defect of long-chain 3-hydroxyl coenzyme A
dehydrogenase (LCHAD) due to genetic mutation has
been reported to contribute the disease!*. There are
no specific symptoms for the disease, and general
fatigue, vomiting, headache, hypoglycemia, and
lactic acidosis can be observed. Severe elevation
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in transaminases, alkaline phosphatase, bilirubin,
leukocytosis, thrombocytopenia, and DIC as well as
the signs of renal dysfunction, including elevated
blood urea nitrogen, creatinine, and proteinuria, can
be observed>*!, These symptoms are based on the
occurrence of microvesicular fat deposition in organs.
Liver biopsy is unnecessary for the diagnosis and
should be avoided in cases with bleeding tendencies;
however, in some cases, it is helpful if it is the early
phase of the disease or the symptoms and laboratory
data show mild abnormalities. The pathogenesis of the
disease includes impaired beta oxidation of fatty acids
in hepatic mitochondria, and its fetal defect due to a
genetic mutation of LCHAD has been reported to cause
either AFLP or HELLP in mothers, with a high frequency
of 62%'*%**4 The histology includes microvesicular
steatosis, predominantly in the third zone of the liver,
and cytoplasmic ballooning™.

Management

Early diagnosis and prompt delivery are essential in
AFLP. Intensive therapeutic support is necessary for
both maternal and fetal survival and plasmapheresis
and liver transplantation should be considered in
some severe cases'*®, Although AFLP does not have a
tendency to recur in subsequent pregnancies in most
cases™, since the recurrence rate is higher in cases
with genetic mutation in LCHAD, close follow up is
necessary for the groups.

PRE-EXISTING OR CO-INCIDENT LIVER
DISEASE DURING PREGNANCY

While pregnancy itself causes significant changes
in physiological conditions, effects on pre-existing
liver disease and co-incident common liver disease
can also be observed in the period™™?. The diseases
include viral hepatitis'*’*?, gallstones™>*!, Budd-Chiari
syndrome®®**®!, Wilson’s disease™ ", autoimmune
liver diseases'®®?, primary sclerosing cholangitis,
primary biliary cirrhosis®®!, metabolic disorders, liver
tumors'®, and post liver transplantation state!®>®”,
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For these conditions, there are concerns regarding
not only the disease itself but also the toxicity of
abovementioned medicines on both mother and fetus.
Because of these concerns, the United States Food
and Drug Administration classified those medicines
into categories A to D for the benefits of usage and
the risks of side effects'®®!. Appropriate therapeutic
interventions must be performed on the basis of
these datasets. Even with these information however,
management of pregnancy with liver cirrhosis is
difficult at present.

Viral hepatitis

Hepatitis caused by hepatitis A, B, C, D, and E viruses,
cytomegalovirus, herpes simplex virus, and Epstein-
Barr virus can be observed as exacerbations of chronic
hepatitis or acute infection'*?., Antiviral treatments
can be considered, however, entecavir, lamivudine,
adefovir, and interferon are drugs of category C and
ribavirin is contraindicated for the pregnancy due to
its teratogenicity. If anti-hepatitis B virus treatment
is necessary before the delivery, telbivudine and
tenofovir should be considered since they are classified
into category B.

Gallstones

Increase of cholesterol secretion and decrease of
gall bladder motility contribute for the incidence of
gallstones. Approximately 10% of patients develop
stones or sludge®**!, Symptomatic patients should
undergo open or laparoscopic cholecystectomy during
the second trimester since the outcome is better than
medication®™?,

Budd-chiari syndrome

Patients with Budd-Chiari syndrome are at high risk of
progression of disease during pregnancy because of
prothrombotic state®®, The treatment of anticoagulation
is essential at the onset and liver transplantation is
necessary in some extreme cases.

Others

Autoimmune liver diseases require continuous mana-
gement with steroids and immunosuppressive agents.
Patients with Wilson’s disease must be treated with
penicillamine and require continuous treatment throughout
pregnancy to prevent the flare of liver injury®™”, however
as it is classified into category D and several abnormalities
have been reported in children, whose mothers were
taking this drug during pregnancy”®’".,

CONCLUSION

Pregnancy-related liver disease is rarer than other liver
diseases. However, the clinical importance remains
high because it will affect both maternal and fetal clinical
courses. Therefore, understanding and knowledge
of these disorders are important for physicians to
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manage patients leading to their benefits.
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