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INTRODUCTION

Abstract

Liver diseases develop in 3% to 5% of all gestations. Among the causes are: 1. Physiological changes of
pregnancy. 2. Pre-existing liver diseases and conditions. The most common are cholestatic diseases such as
primary biliary cholangitis and primary sclerosing cholangitis. Others include autoimmune hepatitis, Wilson’s
disease, chronic viral hepatitis, cirrhosis of any etiology and histories of liver transplantation. 3. Liver disease
acquired during pregnancy, especially viral hepatitis, drug-induced toxicity and hepatolithiasis. 4. Pregnancy-
related liver diseases including hyperemesis gravidarum, intrahepatic cholestasis of pregnancy, preeclamp-
sia, HELLP syndrome and fatty liver of pregnancy.

Severity ranges from absence of symptoms to acute liver failure and even death. Severe cases have
significant morbidity and mortality for both mother and fetus. These cases require rapid evaluation, accurate
diagnosis and appropriate management by a multidisciplinary team including high-risk obstetrics, hepatology,
gastroenterology and interventional radiology. Availability of liver transplantation is also important for obtaining
good outcomes.
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NORMAL PHYSIOLOGICAL CHANGES DURING
PREGNANCY

All women, regardless of age, are at risk of suffering some
type of acute or chronic liver disease. Optimal management
is of vital importance when these pathologies affect women
in pregnancy both because of adverse effects themselves
and also because of maternal and fetal outcomes. Acute or
chronic liver diseases in women, pregnant and not, require
changes in gynecological care, contraception, planning of
pregnancy, exploration of cervical cancer, papilloma vac-
cine and postmenopausal hormone replacement therapy.

Women with liver transplants require gynecological care
adapted to their immunosuppressed state for both the well-
being of the mother and the viability of the fetus.

Many physiological and hormonal changes normally occur
in pregnant women’s bodies during pregnancy. Some may
resemble those that occur in patients with liver disease.
Maternal heart rate, cardiac output, and circulatory volume
all increase while peripheral vascular resistance decreases.
These changes can also occur patients with decompensated
chronic liver disease. Physical examination may show pal-
mar erythema and arachnid nevi in up to 70% of pregnant
women. Liver blood flow remains constant during preg-
nancy, and the liver is not palpable because it is displaced a
little upwards in the thoracic cavity due to the growth of the
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uterus. Gallbladder motility decreases, resulting in increa-
sed risk of gallstone development. (1)

During pregnancy, biochemical and hematological indices
should be interpreted in light of the normal ranges for a preg-
nant woman. Alkaline phosphatase increases in the third tri-
mester, as it is produced by the placenta and by development
of fetal bone. Alpha-fetoprotein increases in pregnancy and
is produced by the fetal liver. Urea levels, hemoglobin levels,
and prothrombin times remain unchanged or are slightly
reduced due to hemodilution. Elevated transaminases, bili-
rubin, and prothrombin time are abnormal and indicate
disease states which require appropriate studies.

Pregnancy is a procoagulant state in which coagulation
factors I, II, V, VII, X, and XII as well as fibrinogen are
increased. Small esophageal varices can be seen in up to
50% of pregnant women in the second and third trimes-
ters. They are due to compression of the inferior vena cava
by the uterus and consequent reduction of venous return.
A liver biopsy is rarely indicated, but if one is performed
during pregnancy, the risks are very similar to those for
women who are not pregnant. (2, 3) Liver dysfunction
during pregnancy may be due to liver disease associated
with pregnancy, exacerbation of pre-existing liver disease,
or conditions unrelated to pregnancy (Table 1).

Table 1. Liver diseases during pregnancy (4)

Liver diseases related to pregnancy
Hyperemesis gravidarum
Gestational intrahepatic cholestasis

Liver diseases related to hypertension
Preeclampsia/eclampsia
HELLP syndrome
Subcapsular hematoma and liver rupture

Acute fatty liver of pregnancy

Liver diseases not related to pregnancy

Pre-existing liver disease
Viral
Autoimmune (autoimmune hepatitis, primary biliary cholangitis,
primary sclerosing cholangitis)
Metabolic (Wilson’s disease, hemochromatosis)
Cirrhosis and portal hypertension
Post-liver transplant
Other pre-existing liver diseases

Coincident with pregnancy
Autoimmune
Viral
Vascular
Drug-induced hepatotoxicity

Diseases that can be exacerbated during pregnancy
Budd-Chiari syndrome
Hepatic adenoma
Polycystic disease
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HYPEREMESIS GRAVIDARUM

Hyperemesis gravidarum (HG), persistent vomiting unre-
lated to other causes, occurs in 0.3% to 3% of pregnancies.
(S, 6) It can lead to dehydration, ketosis, and loss of more
than 5% of preconception weight. (S) It usually begins
very early in gestation and resolves at week 20. (2, 7)
Diagnosis is made by exclusion, and its exact cause is not
clear. Numerous theories based on genetic, psychiatric,
psychological, cultural and hormonal factors that have
been put forward. Others are based on gastric motility
alterations, changes in the autonomic nervous system, and
Helicobacter pylori infections. (5, 6, 8,9)

The first trimester peak of human chorionic gonadotro-
pin (HCG) is correlated with the severity of hyperemesis
gravidarum, and hyperthyroidism occurs in 60% of patients
with HG. (1, 2, 8, 9) HCG activates thyroid stimulating
hormone (TSH) receptors leading to thyroid suppression
and increased thyroxine levels. (2, 5)

Clearly identified risk factors include molar and twin
pregnancies, trophoblastic disease, previous history of
HG, previous history of fetal abnormalities, increased
body mass index, psychiatric diseases, and diabetes. (2, 7,
8) Alterations of liver biochemistry occur in 50% to 60%
of hospitalized patients with HG and are characterized by
slight elevations of transaminases. Jaundice and synthetic
dysfunction are rare. (2, 7) In addition, patients may pre-
sent renal dysfunction and electrolyte disorders such as
hyponatremia, hypokalemia, and hypochloremic alkalosis.
(2, 6) In severe cases, dehydration can lead to orthostatic
hypotension, tachycardia, and lethargy. Vomiting can lead
to bleeding from esophageal lacerations and vitamin defi-
ciency which has produced neurological disorders in very
rare cases. (5, 6) The relationship of HG with fetal morbi-
dity has not been clearly demonstrated in the literature, but
some studies have reported higher rates of low birth weight
and preterm deliveries. (6, 9)

Management of HG is based on support measures until
symptoms resolve with progression of gestational age. (2,
6, 10) Intravenous rehydration, correction of electrolyte
disorders, and thiamine replacement are indicated for pre-
vention of Wernicke’s encephalopathy, especially in patients
who receive dextrose solutions. (6,9) Vitamin B6 for control
of nausea and vomiting is considered the first-line therapy
while antiemetics are considered second line. (2, 5) Systemic
steroids and ondansetron can be considered for refractory
patients, but their safety profiles must be taken into account.
(2, 5) Patients who cannot maintain weight and do not res-
pond to antiemetics require advanced enteral nutrition and
may even require total parenteral nutrition. (5, 6,9)

Biochemical abnormalities usually improve with resolu-
tion of vomiting and do not leave permanent liver sequelae.
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Ifliver tests are not normalized with resolution of vomiting,
other causes should be suspected. (8)

INTRAHEPATIC CHOLESTASIS OF PREGNANCY

Intrahepatic cholestasis of pregnancy (ICP) affects 1 in 140
pregnancies in the UK and is more common among women
with family or personal histories of ICP, itching related to
oral contraceptives, gallstones, or multiple pregnancies.
Some studies suggest a high prevalence in patients with
hepatitis C virus infections and non-alcoholic fatty liver
disease. (4, 11, 12) It usually occurs in the 3rd trimester
of pregnancy, but cases have been reported as early as the
eighth week of pregnancy. ICP is characterized by itching,
abnormal liver function tests, and increased serum bile acid
levels. The symptoms are choluria, acholia, anorexia, fati-
gue, epigastric pain and steatorrhea due to fat malabsorp-
tion. Transaminases are usually elevated. (4, 8, 11, 12)

Itching is predominantly nocturnal and usually affects
palms and soles. It can become severe but characteristically
improves within 48 hours of delivery. Elevation of bilirubin
is rare, but when it occurs, it increases 2 to 4 weeks after the
onset of itching and can occur before or after bile acid levels
increase. ALT has been found to be a more sensitive marker
of ICP than AST because ALT levels increase between two
and ten times more than do those of AST. Clinical jaundice
occurs in 10% to 15% of pregnant women with ICP and
is generally mild, with bilirubin levels not exceeding 100
umol/L or 5.85 mg/dL. Hyperbilirubinemia usually occurs
at the expense of direct bilirubin. Vitamin K malabsorption
increases the risk of postpartum hemorrhaging. (4)

ICP is benign for the mother, but when bile acid levels
are higher than 40 mmol/L the risk of adverse outcomes
including preterm deliveries, fetal distress, meconium-
stained amniotic fluid, long-term neonatal ICU care and
stillbirths increases. (12, 13)

ICP’s pathogenesis is unknown but is related to abnor-
mal bile transport through the canalicular membrane.
Multidrug resistance protein 3 (MDR3) is the major
phospholipid transporter, and mutation of the gene which
expresses it leads to a loss in function and increased levels
of serum bile acids. The MDR3 mutation is located on
chromosome 7q21.1 and has been identified in 15% of the
cases of ICP. Abnormal placental transport of bile acids
from fetal to maternal circulation increases maternal bile
acids while the immature fetal transport system can contri-
bute to increased bile acid levels in the fetus itself. (4)

When a diagnosis of ICP is ruled out, other causes of
cholestasis should be sought. (13) Serum bile acids are the
most sensitive and specific test for diagnosis and monito-
ring of this condition. Usually, a liver biopsy is not neces-
sary for diagnosis, but if one is performed, findings predo-

minate in zone 3. They include centrilobular cholestasis
without inflammation and bile plugs in hepatocytes and
canaliculi. (4)

ICP is treated with 10-15 mg/kg of ursodeoxycholic acid
(UDCA). This is the only drug that has shown to benefit
maternal symptoms and liver biochemistry and to have pos-
sible beneficial effects on perinatal outcomes. Some studies
have shown that it increases the expression of placental bile
acid transporters which improves transfer. It is anti-apoptotic
and increases the excretion of pruritogens such as progeste-
rone sulfate. Studies suggest that its use has a positive impact
on premature deliveries, reduces admission of newborns to
the ICU, reduces placental damage and reduces fetal arrhyth-
mias. (2,4, 12, 14) Other medications, including cholestyra-
mine, S-adenosine L-methionine, and dexamethasone are
less effective than UDCA at reducing itching and improving
liver function. Cholestyramine has even been found to exa-
cerbate vitamin K deficiency. (8, 12, 14)

Rifampicin may be useful as an adjunct treatment in
women with severe or refractory disease, and it improves
symptoms and biochemistry in a third of the patients who
did not respond to UDCA. Nevertheless, it should only be
used if transaminases are not too high. (2, 12) An associa-
tion between stillbirths in ICP and the 38th week of preg-
nancy has been found, so many centers have chosen to end
these pregnancies before that moment.

Symptoms and liver profile changes usually disappear
after delivery, but sometimes they continue. Bile acid and
liver enzyme levels should be tested 6 to 8 weeks after deli-
very. If enzyme levels have not improved, other causes of
cholestasis should be sought. There is a high risk of recu-
rrence of ICP in subsequent pregnancies, and some women
even experience cholestasis with menstrual cycles or with
the use of oral contraceptives and should avoid estrogen-
containing medications. (12, 14) There is evidence that
those women who developed ICP have high risks of deve-
loping hepatobiliary diseases or metabolic syndrome at
some point in their lifetimes. (4, 12)

HELLP SYNDROME

Preeclampsia is the most common cause of liver function
abnormalities during pregnancy. It is characterized by hyper-
tension and proteinuria after 20 weeks of pregnancy. Pain
in the right upper quadrant of the abdomen is suggestive of
hepatic involvement and requires close monitoring. (13)
HELLP syndrome is characterized by microangiopathic
hemolytic anemia (MAHA), elevated liver enzymes, and
decreased platelet levels. This syndrome occurs in 0.2% to
0.8% of pregnancies and 70% to 80% of these cases coexist
with pre-eclampsia. Most cases occur in the third trimester
of pregnancy. Perinatal mortality secondary to premature
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births and maternal complications occurs in 6% to 70%
of cases. Risk factors include advanced age of the mother,
nulliparity and multiparity. (4, 10)

HELLP is believed to be due to impaired platelet activa-
tion, increased proinflammatory cytokines, and segmental
vasospasms with vascular endothelial damage. (4) Most
patients gain weight and develop abdominal pain in the
right upper quadrant, nausea, vomiting, malaise, heada-
ches, visual changes, and peripheral edema. Hypertension
and proteinuria occur in 80% of cases. Jaundice only occurs
in 5% of patients. Symptoms associated with thrombo-
cytopenia such as bleeding from the mucosa, hematuria,
petechiae, and bruising are also unusual. Less common are
renal failure with increased uric acid, diabetes insipidus,
and antiphospholipid syndrome (APS). (4, 11, 15)

Due to hemolysis, patients have elevated indirect biliru-
binlevels and increased lactic dehydrogenase (LDH) levels.
ALT and AST levels are moderately high. In initial stages,
the prothrombin time (PT) and the partial thromboplastin
time (PTI) are normal, but in later stages, disseminated
intravascular coagulation (DIC) with high levels of fibrin
degradation products, D-dimer and thrombin-antithrom-
bin complex can occur. (4) Diagnostic criteria for HELLP
syndrome have been standardized by the Task Force of the
American College of Obstetrics and Gynecology on hyper-
tension in pregnancy and are shown in Table 2. (15)

Table 2. Recommended criteria for diagnosis of HELLP syndrome (15)

Hemolysis (at least 2 of the following)
Peripheral blood smear (schistocytes, echinocytes)
Serum bilirubin> 1.2 mg/dL (indirect predominance)
Low serum haptoglobin
Severe anemia not related to blood loss
Elevated liver enzyme levels
AST or ALT 22, normal upper limit
LDH =2, upper limit normal
Thrombocytopenia (platelets <100,000/mm?)

Itis estimated that 1 in every 1,000 pregnant women deve-
lops HELLP. Of these, 2% to 3% develop liver complications
including liver failure requiring liver transplantation. A rup-
tured liver is rare but is a life threatening complication. It is
usually preceded by hepatic hemorrhaging that progresses
from the parenchyma to become a subscapular hematoma
contained in the right liver lobe. Uric acid levels of over 464
pmol/L (7.8 mg/dL) are associated with increased maternal
and fetal morbidity and mortality. (4, 8)

Once HELLP develops, the only treatment is delivery of
the baby. If the gestational age is between 24 and 34 weeks,
steroids are required for lung maturation. Delivery take
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place 24 hours after application of steroids. Continuous
maternal follow-up after delivery is required because wor-
sening thrombocytopenia and increased LDH may occur
up to 48 hours postpartum. If gestational age is over 34
weeks, of if there is evidence of fetal distress or maternal
complications such as severe organ compromise, dissemi-
nated intravascular coagulation, kidney failure, pulmonary
edema, intrahepatic bleeding, stroke, or placental abrup-
tion, the pregnancy should be terminated as rapidly as pos-
sible. (4, 8, 15) Indications for transplant include persistent
bleeding from bruising, ruptured liver, or liver failure. It has
been found that 88% of these patients survive for 5 years
after transplantation. (8)

HEMATOMA, INFARCTION AND RUPTURED LIVER

Hemorrhaging and a ruptured liver can complicate pree-
clampsia, eclampsia, or HELLP syndrome and have been
associated with a 50% mortality rate. Patients present
abdominal pain, pyrexia and severe hypovolemic shock
with cardiovascular collapse. There is a marked increase
in transaminases and anemia. Computed tomography and
magnetic resonance imaging are the diagnostic methods
of choice. (2)

Hematomas that are contained can be managed conser-
vatively with aggressive coagulation support, prophylactic
antibiotics, and transfusions. Any evidence of hemodyna-
mic instability should be treated with angiography with
embolization of the hepatic artery, liver packing, ligation of
the hepatic artery and resection.

Necrotic infarcts can occur as complications of pree-
clampsia. Often, patients have unexplained increases in
transaminases, fever, anemia, and leukocytosis associated
with signs of liver failure. In most cases, the liver recovers,
but when areas of extensive infarction occur, multiple
organ failure and death due to a ruptured liver may ensue.
(2) Rupture of the hepatic capsule generates intraperito-
neal bleeding. Mortality is highest after a liver ruptures.
Treatment is rehydration and either surgery or angiogra-
phic embolization, as appropriate. (2,4, 11)

ACUTE FATTY LIVER OF PREGNANCY

Acute fatty liver of pregnancy (AFLP) is a rare occurring
pathology with a reported incidence of 1 in 7,000 to 15,000
pregnancies. A prospective population study conducted in
the UK with a cohort of 1.1 million pregnancies has estima-
ted an incidence of 1:20,000 births. (16, 17) AFLP can be
life-threatening and is considered an obstetric emergency.
It can lead to acute liver failure and, if diagnosis is delayed,
to death of the fetus and the mother. Although maternal
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mortality rates have improved from 92% before 1970 to
less than 10% reported in 2008, they are still very high. (2)

Typically, this pathology occurs in the third trimester
between week 30 and 38, but sometimes it is not recogni-
zed until after delivery. However, there are reports of cases
as early as the 26th week of gestation. (18, 19) AFLP is an
infiltrative disease with evidence of microvesicular steato-
sis upon biopsy. It is a mitochondrial liver disease which
is associated with a homozygous fetal mutation (1528G>
C) in the gene coding for long-chain 3-hydroxyacyl-CoA
dehydrogenase which produces severe decrease or total
loss of enzymatic activity. This mutation results in an accu-
mulation of long-chain fatty acids in the placenta which
pass into maternal circulation and lead to development of
acute liver damage. (20)

AFPL risk factors include histories of previous episodes,
multiple gestation, male fetal sex, coexistence of other liver
diseases during gestation (HELLP, pre-eclampsia) and a
body mass index under 20 kg/m? (16, 17) Initial symp-
toms of AFPL are generally nonspecific with 1-2 weeks of
nausea, vomiting, abdominal pain, malaise, and anorexia.
Signs and symptoms of acute liver failure such as encepha-
lopathy, jaundice, and coagulopathy may appear with
rapid development of moderate to severe hypoglycemia.
Approximately 50% of these patients present preeclampsia,
although hypertension is generally not severe. (21)

The definitive diagnostic method for AFLP is a liver
biopsy. In patients with coagulopathy, it should be perfor-
med transjugularly given the high risk of bleeding. In many
cases a liver biopsy is not necessary to make the diagnosis.
The characteristic histological finding is microvascular fat
infiltration, which affects the pericentral zone and respects
the periportal zone. When a biopsy is performed at an early
stage of the disease, the hepatocytes appear ballooned in
the absence of large amounts of fat and giant mitochon-
dria. At later stages, hepatocyte destruction can cause loss
of the liver parenchyma and cellular atrophy. (18) There is
no adequate correlation between the degree of alterations
found in laboratory tests and the severity of histological
compromise. (22)

Ultrasound and CT scan findings are inconsistent for
detection of fatty infiltration, so diagnosis is usually based
on clinical and laboratory findings. The Swansea crite-
ria (Table 3) for diagnosis of AFLP are a proposal that
includes symptoms, laboratory findings, and imaging.
This model was developed by Ch'ng et al. at the Swansea
Midwifery Unit in South West Wales, UK in 2002. It was
validated in a cohort study in 2008. When at least six of 15
criteria are present, AFLP is likely. (17, 23) These criteria
have demonstrated a sensitivity of 100% (95% CI: 77%
to 100%), a specificity of 57% (95% CI: 20% to 88%), a
positive predictive value of 85%, and a negative predictive

value of 100% for diffuse and perivenular microvesicular
steatosis. (24)

Table 3. Swansea criteria

Signs and Laboratory findings Others
symptoms
Vomiting Bilirubin> 0.8 mg/dL Ascites or “bright liver”

found by ultrasound

Abdominal pain  Hypoglycemia <72 mg/dL  Biopsy: microvesicular
steatosis

Polydipsia/ Urea elevated> 950 mg/dL

polyuria

Encephalopathy ~ Leukocytosis> 11 x 109L

Ascites ALT >42 U/L

Ammonium> 66 umol
Creatinine >1.7 mg/dL

PT coagulopathy> 14s or
PTT> 34s

Early diagnosis of AFLP is essential. Initial management
is basically supportive to stabilize the mother while avoi-
ding the use of hepatotoxic drugs. In cases with suspected
infections, broad-spectrum antibiotics should be adminis-
tered. Regardless of the severity of AFPL, termination of
pregnancy as quickly as possible is the basic treatment.
If there is no obstetric contraindication, delivery may be
vaginal, although a small study published in 2010 showed
alower maternal mortality rate in the caesarean group than
in the vaginal delivery group (16.2% vs. 48.1%). (2S5, 26)

AFPL is usually reversible with complete liver function
recovery and no sequelae. In case of persistent deteriora-
tion and development of liver failure, liver transplantation
should be considered. (14, 16, 25) A retrospective study
of 54 patients with liver disease associated with pregnancy
found 18 patients with diagnoses of AFPL who had been
referred to a liver transplant center. The study documen-
ted that lactate > 2.8 mg/dL had a sensitivity of 73% and
a specificity of 75% as a predictor of death or need for liver
transplantation. When encephalopathy was added, the
sensitivity and specificity increased to 90% and 86%, res-
pectively. (27)

AUTOIMMUNE HEPATITIS

Autoimmune hepatitis (AIH) is a chronic inflammatory
process of the liver of unknown cause that is characterized
by hypergammaglobulinemia, circulating autoantibodies,
interface hepatitis found by biopsy and favorable response
to immunosuppression. (28-30) The clinical spectrum is
wide and includes asymptomatic patients; patients with
nonspecific symptoms such as fatigue, nausea, abdominal
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pain and arthralgia; patients with severe acute hepatitis;
and even patients with established cirrhosis. (30,31) Some
patients also have other autoimmune pathologies. (28, 30)

The 1993 diagnostic criteria for autoimmune hepati-
tis of the International Group on Autoimmune Hepatitis
(IAIHG), a group of experts, were revised in 1999, (30,
31) but due to their complexity Hennes et al. developed a
simplified and much more practical scoring system in 2008.
It is based on variables that are independent predictors of
autoimmune hepatitis and has sensitivity and specificity
over 80 % (Table 4). (29)

Autoimmune hepatitis manifests itself in the same man-
ner in pregnant women as in others and is therefore diagno-
sed the same way. (8) Autoimmune hepatitis usually occurs
in women of childbearing age. Successful pregnancies are
possible in this group of patients, but increased morbidity
and mortality rates have been reported for both the fetus
and the mother. They have been associated with poor con-
trol of inflammatory activity from one year prior to concep-
tion through pregnancy. (2, 8, 32-38) These complications
are more frequent and can be fatal in patients with decom-
pensated cirrhosis of the liver. (38, 39)

Table 4. Simplified autoimmune hepatitis scoring system (29)

Parameter Score
ANA or ASTHMA >1:40 +1
ANA or ASTHMA >1:80 +2*
or LKM >1:40 +2*
or SLA/LP Any titer +2°
lgG > upper limit of normal +1
> 1.1 times the upper limit of +2
normal
Biopsy Compatible +1
Typical +2
Absence of viral hepatitis ~ Yes +2

* The maximum score for autoantibodies is +2.
> 6 points: probable.
> 7 points: definitive.

AIH is most frequently activated in the first three months
following delivery. Its incidence ranges from 11% to 81%.
It probably occurs due to immune reconstitution after deli-
very and decreasing blood estrogens. (2, 8, 30, 31, 33, 35,
37, 38) Improvement including spontaneous remission
of inflammatory activity has been described during preg-
nancy. This is probably related to the predominantly immu-
notolerant state during pregnancy. (30, 32, 38, 39) Despite
this, the disease can be activated at any point during preg-
nancy and has an incidence of 7% to 21%. (7, 20, 30, 33)
This activation can usually be controlled with increased
immunosuppression, but for some patients, activation
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of the disease can lead to liver decompensation, the need
for liver transplantation, and even death of the patient and
fetus. (2,33, 38)

Immunosuppression with steroids and drugs such as
azathioprine is the mainstay of treatment for ATH. (30, 36,
40) However, in pregnancy, optimal management has not
been well established. What is clear is that these patients
require stable immunosuppression throughout the preg-
nancy, with greater vigilance in the postpartum period. (30,
32,33,38,40,41)

Due to the teratogenic effects reported in animals,
azathioprine is considered a category D drug in preg-
nant women. However, multiple retrospective studies
have shown that it is safe during pregnancy and lactation.
Consequently, the teratogenic potential of azathioprine is
outweighed by the beneficial effects of disease control since
remission decreases the risk of maternal and fetal complica-
tions. (2, 8, 30-33, 35, 37-40) For patients who have been
undergoing treatment of AIH with azathioprine before
pregnancy, administration of the drug should be continued
at the dosage necessary to control the disease during preg-
nancy. (2, 38) If biochemical hepatitis occurs, it should be
treated conventionally with steroids. (2, 8, 30)

Mycophenolate mofetil has been associated with increa-
sed teratogenicity and should be discontinued before
pregnancy and should not be used during pregnancy. (30,
39, 40) Calcineurin inhibitors can be safely used during
pregnancy according to data obtained from transplanted
pregnant women. (30, 40) To decrease risks of complica-
tions, these patients should plan their pregnancies and have
inflammatory activity under control for at least one year
prior to becoming pregnant. They should receive treatment
throughout pregnancy and deliver their babies in highly
complex medical centers with close obstetric and hepato-
logical monitoring during pregnancy and the postpartum
period. (2, 30, 32, 33, 38-40) The delivery route should be
defined by the obstetrician. (33)

HEPATITIS B INFECTIONS

It has been calculated that up to a third of the world’s
population may have serological evidence of past or pre-
sent hepatitis B infections. Between 350 and 400 million
people are chronic carriers of the surface antigen (HBsAg)
and 240 million have chronic hepatitis. (42-44) Every year
more than 50 million new cases are reported. Most of them
are transmitted vertically. (42, 45) Data from the United
States indicate a prevalence of 0.7 to 0.9 of HBV in preg-
nant women which translates into 25,000 newborns at risk
of infection annually. (46)

The risk of an HBV infection becoming chronic (HBsAg
persists beyond 6 months) is related to age at infection. It is
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5% in adults, 50% in small children, and up to 90% in infants.

(43) The highest vertical transmission rates (70% -90%) have

been associated with maternal HBsAg, e antigen (HBeAg),

and absence of post-exposure prophylaxis in infants. (47)

The behavior of HBV infections in pregnancy has no
important differences with HBV in the general population.

Ninety-five percent of acute infections in pregnant women

spontaneously resolve, and the risk of liver failure is about

1%. (48) If an infection occurs early in pregnancy, it can

cause a miscarriage, but it usually resolves without conse-

quences for the mother or fetus. In this scenario, the pos-
sibility of vertical transmission is only 10%, but when an
infection is acquired in the final stage of pregnancy, vertical
transmission is much more likely and can occur in up to

60% of cases. (49) There are several factors that increase

the possibility of perinatal transmission of HBV. (50-52)

o It has been shown that immunoprophylaxis can fail
when maternal viral loads are high, especially when
they are greater than 6 Log10 copies/mL. (51-53)

o HBeAgis a marker of replication and infectivity which
is usually associated with high viral loads

o Lack of immunoprophylaxis is related to possibility of
perinatal transmission of over 90% when the mother is
HBeAg positive, and 15% when she is HBeAg negative.
If adequate immunoprophylaxis is offered, the perinatal
transmission rate falls to 2%. The vast majority of these
cases occur when viral loads are greater than 200,000
IU/mL (106 copies/mL). (49-54)

Prevention of vertical transmission is based on a combi-
nation of vaccination and hepatitis B immunoglobulin
(HBIG). This must be provided within the first 12 hours
after birth to every child born to an HBsAg positive mother
regardless of whether she has received antiviral treatment.
(55, 57) This combination has a great impact on viral trans-
mission rates and has caused perinatal transmission to go
from 90% (in cases where immunoprophylaxis is not admi-
nistered) to minus 10% in this combination. (49)

Antiviral treatment is indicated in all pregnant women who
are HBsAg positive and have a viral load over 200,000 IU/mL
(over 10° copies/mL). In these patients, the use of immuno-
prophylaxis alone has a possibility of failure up to 30%, so they
are considered a high-risk group for perinatal transmission.
(49, 57, 58) In patients with hepatitis B e antigen (HBeAg)-
negative chronic hepatitis B (previously called asymptomatic
carrier status) and with viral loads of 200,000 IU/mL or more,
antiviral prophylaxis is not indicated. (59, 60)

The goals of treatment in pregnancy are to maintain stable
liver function in the mother and to prevent neonatal infection.
Levels of aminotransferases should be regularly evaluated
during pregnancy, and antiviral medication should be started
between the 28th and 32nd week of pregnancy since organo-

genesis is complete but there is still enough time to reduce
HBV DNA levels significantly. (60) Medication should be
continued up to 12 weeks after delivery due to the possibi-
lity of exacerbation of HBV. This occurs most frequently in
patients who are HBeAg positive whose risk is 2.56 times hig-
her when patients who are HBeAg negative. (59-62)

Three antiviral drugs whose fetal safety profile is ade-
quate are available: lamivudine, telbivudine, and tenofovir
(63-66). Lamivudine has been falling into disuse due to
resistance rates which can be as high as 70% over $ years.
This drug limits future maternal treatment options since
use for even a short period promotes resistant viral variants
in 20% of cases. (67)

Tenofovir is the antiviral agent of choice during preg-
nancy. It should be administered orally in doses of 300 mg/
day. It is the most potent nucleoside analog, has the lowest
resistance rates, and extensive safety data are available for
use during pregnancy. (49, 64, 68, 69) Patients with chro-
nic HBV infection treated with tenofovir should continue
with this medication. If they have been treated with enteca-
vir, treatment should be switched to tenofovir. (59)

The indication for delivery is obstetric. There is no con-
traindication for vaginal birth since no studies have found
that caesarean sections decrease the possibility of perinatal
transmission. (70, 71) There is also no contraindication
for breastfeeding for untreated women or for mothers who
receive an antiviral agent such as tenofovir. The risk of
exposure to this drug in utero is greater than that through
breast milk and its use, and tenofovir is recommended
during pregnancy. (59, 72-75) What is clear is that breast-
teeding should be avoided when the mother’s nipples are
cracked or bleeding because of the risk of mixing serous
exudates with breast milk which could potentially lead to
transmission of HBV to the infant. (76)

HEPATITIS C INFECTIONS

Hepatitis C virus (HCV) infection constitute one of the
leading causes of chronic liver disease worldwide. (77) The
natural history of this entity varies greatly from minimal
histological changes to cirrhosis, with or without hepato-
cellular carcinoma. Worldwide, there are approximately 71
million people who have chronic HCV infections. It is esti-
mated that 1% to 8% of pregnant women have HCV. (78)
Transmission of the infection from mother to child can
occur during three different periods:
o Intrauterine transmission is defined by HCV RNA in
the serum of the newborn within the first 3 days of life.
It accounts for 30% to 40% of cases. Among the propo-
sed mechanisms are the passage of viral particles from
mother to fetus, maternal-fetal flow of infected mono-
nuclear cells, and infection of trophoblasts.
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«  Peripartum transmission is defined by a finding of HCV
RNA in the serum of a newborn within the first 28 days
after birth. This is the most important period in vertical
transmission (60% of cases). It correlates with exposure
to maternal blood. For this period, the main risk factors
are invasive obstetric procedures (for example, amnio-
centesis and fetal monitoring), as well as lacerations of
the vaginal or perineal mucosa during vaginal delivery
and prolonged rupture of the membranes.

«  Postpartum transmission is rare and is attributed to breast-
feeding. However, despite the fact that HCV RNA is
detectable in human colostrum, breastfeeding is not consi-
dered a risk factor for mother-to-child transmission. (79)

A 2014 metaanalysis reported vertical transmission rates of
5.8% in viremic women and 10.8% for those who were coin-
fected with HIV. (80) Transmission occurs almost exclusi-
vely from mothers who are HCV RNA-positive, and risk
correlates with the mother’s viral load titers. Transmission
is four times higher for patients with 6 log copies/mL than
for those who have lower viral loads (14.3% vs. 3.9%). (81)
There is no universal consensus on screening for HCV
during pregnancy. The American College of Obstetricians
and Gynecologists (ACOG) and the Centers for Disease
Control and Prevention (CDC) recommend screening only
for women with risk factors for HCV infections (Table S).
(79) Nevertheless, a retrospective study by Selvapatt et al.
that evaluated 35,355 women who had undergone prenatal
HCV screening found that a total of 136 mothers (0.38%)
tested positive for HCV antibodies. Of these, forty-four
(0.12%) had been recently diagnosed with chronic hepatitis
C, thirty-four had previous diagnoses, and 58 had negative
HCV viral loads. Three cases of vertical transmission (6.8%)
were documented in the children of these newly diagnosed
mothers. This and other studies have shown that universal
screening in pregnancy should be implemented. (82, 83)

Table 5. Recommendations for prenatal HCV screening (84)

Recommendations for prenatal HCV screening
lllegal drug injections (current or past, even those who injected only once)
Intranasal illicit drug use
Hemodialysis use
History of piercing or tattoos in an unregulated environment
HIV or HBV infection

Recipients of transfusions or transplants before 1992 or clotting factors
before 1987

Background of incarceration
In vitro fertilization with anonymous donors
Sexual partners of people with HIV, HBV or HCV

Women with unexplained chronic liver disease (including persistently
elevated ALT)
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There is no evidence that termination of pregnancy by
caesarean section decreases transmission of HCV, and
breastfeeding is not contraindicated except in cases of crac-
ked or bleeding nipples. These recommendations are the
same as those for HBV. (85)

The use of interferon and ribavirin is contraindicated in
pregnancy due to teratogenic effects. (86) There are no ade-
quate human data for the use of second-generation direct-
acting antivirals during pregnancy, but data obtained from
animal studies demonstrate that they do not confer risk to
the fetus. Due to the lack of human studies, no direct-acting
antiviral therapy has yet been approved for treating HCV
infections during pregnancy. (87)

CIRRHOSIS AND PREGNANCY

The prevalence of cirrhosis in women of childbearing age
is low because hepatocellular damage leads to metabolic
and hormonal changes such as anovulation, amenorrhea,
and infertility. (8, 10, 11, 32) Although pregnancy is rare in
patients with liver disease, it implies a complicated clinical
condition when it does occur. (8) Outcomes of these preg-
nancies are related to the severity of liver disease. A precon-
ception MELD score of over 10 points is associated with a
decompensation risk of 10% while a MELD score of less
than six points is not associated with liver complications
during pregnancy. (2, 7)

The most frequent causes of cirrhosis in pregnant women
are autoimmune factors and hepatotropic viral infections.
(10) Physiological changes during pregnancy and fetal
needs worsen portal hypertension and increase both
maternal and fetal risks. (2, 7, 10) Bleeding varices are the
most frequent and catastrophic complications of portal
hypertension during pregnancy. The greatest risks of blee-
ding occurs during the second trimester during which the
highest peak of portal hypertension is reached and during
delivery due to Valsalva maneuvers. (7, 8)

Increased maternal blood volume and cardiac output
associated with decreased peripheral vascular resistance
secondary to the effects of progesterone and the develop-
ment of the placental vascular bed lead to a hyperdynamic
state with increased flow to the collaterals. This signifi-
cantly increases the risk of bleeding varices. (10) External
compression of the inferior vena cava by the gravid uterus
further increases portal pressure. (8) Pregnant cirrhotic
women have nearly 30% probability of variceal bleeding,
and this increases to 70% in patients with pre-existing vari-
cose veins. (8, 10, 32) Mortality associated with bleeding is
18% to 50%. (2, 10) Bleeding varices increase the inciden-
ces of miscarriage and preterm delivery. Given the high risk
of variceal bleeding and its complications, the American
College of Gastroenterology recommends screening for
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esophageal varices in pregnant patients in the second tri-
mester after completion of organogenesis, but before deli-
very, at a time of increased risk of bleeding.

Despite limited data regarding prophylaxis and manage-
ment of acute variceal bleeding in pregnant patients, primary
prophylaxis can be performed with endoscopic ligation
or with B-blockers just as in the general population. (10)
Secondary prophylaxis requires both endoscopic band liga-
tion and the use of p blockers. These drugs are considered
safe in pregnancy despite being category C, but they carry
risks of fetal bradycardia, intrauterine growth restriction and
neonatal hypoglycemia. (2, 7, 10) Treatment of acute vari-
ceal bleeding is similar to that for the general population. The
mother should be resuscitated and stabilized, then endosco-
pic ligation of varicose veins is the main therapeutic measure.
Endoscopy is safe during pregnancy although it carries a
small risk of fetal hypoxia secondary to sedation and patient
position. Octreotide is a category B medication in pregnancy.
Despite a lack of good studies in pregnant women, it appears
to be safe. Terlipressin is category D since it produces uterine
ischemia: it is not reccommended for pregnant women. (2)
Third-generation cephalosporins are the recommended pro-
phylactic antibiotics since quinolones are contraindicated.
(10) Emergency Transjugular intrahepatic portosystemic
shunting (TIPS) has been successfully performed in preg-
nant patients. (2, 32)

Ascites and hepatic encephalopathy occur in 24% of
pregnant patients with cirrhosis and can appear at any
stage of pregnancy. (88) Treatment of ascites is based on
salt restriction and the use of diuretics. When spontaneous
bacterial peritonitis is found, it the usually treated with
third-generation cephalosporins. (10) Hepatic encephalo-
pathy is usually associated with a precipitating event that
should be actively sought. Lactulose is a category B drug,
while rifaximin is category C. (32)

Ultrasound is considered to be the safest imaging method
for visualizing the liver parenchyma and even the bile duct
in a pregnant patient. In case a more detailed image is requi-
red, MRI without contrast is also safe in the second and
third trimesters of pregnancy. The limitations of uncon-
trasted images for evaluating liver lesions, especially hepa-
tocellular carcinoma, must always be taken into account.
(8, 11) Data comparing vaginal and cesarean deliveries in
these patients are too scare to recommend one route or the
other, so the individual obstetrician must decide. (2, 89)

Pregnant patients with cirrhosis are at greater risk of
postpartum hemorrhaging. It occurs in 7% to 10% of cases
in relation to coagulopathy secondary to liver dysfunction
and thrombocytopenia due to hypersplenism. It is treated
with transfusions and agents that promote uterine con-
traction. (10) The probabilities of fetal complications,

spontaneous abortions, preterm deliveries, stillbirths and
perinatal deaths all increase. (2, 7, 89)

Due to the high risks of complications, comprehensive
management of these patients requires an interdisciplinary
group in a highly complex medical center. The group should
include gynecologists, neonatologists, hepatologists,
endoscopists, and even intensive care specialists. Ideally,
these patients’ liver disease should be compensated, their
esophageal varices managed, and medications contraindi-
cated during pregnancy should be discontinued. Periodic
examinations should be done throughout the pregnancy
in order to decrease the risk of complications for both the
mother and the fetus.

TRANSPLANTS AND PREGNANCY

Perinatal outcomes in women who have had liver transplants
are good, especially if they wait at least 12 months after sur-
gery or an acute episode of rejection to become pregnant
since this lessens the need for immunosuppressants and les-
sens the risks of opportunistic infections. The live birth rate
is reported to be between 70% and 90%. There are high risks
of hypertensive disorders of pregnancy, pre-eclampsia, pre-
term deliveries, and low birth weights. (11, 12)

Administration of immunosuppressants should conti-
nue as part of pre-pregnancy care, and high-dose folic acid
supplements (5 mg/day) should be taken. (12) Overall, the
impacts of steroids, azathioprine, and calcineurin inhibitors
(tacrolimus and cyclosporine) on maternal-fetal abnor-
malities are small. Neonatal leukopenia has been seen with
azathioprine, but this normalizes after the first year of life.
Cyclosporine is associated with low birth weights and pre-
mature births. Calcineurin inhibitors can cause hyperkale-
mia, preterm delivery, and renal dysfunction. (4, 11,90, 91)

In contrast, mycophenolate, sirolimus, and everolimus
are all associated with high rates of fetal abnormalities.
Mycophenolate not only increases the rate of miscarriages
and fetal toxicity, but is related to malformations of many
organs and parts of the body including ears, extremities,
kidneys, hearts, esophagi and faces (cleft palate and cleft
lip). Sirolimus and everolimus have not been sufficiently
studied, but their antiproliferative effects can harm a fetus,
so they are contraindicated in pregnancy. If possible, a
woman receiving this type of immunosuppressant should
be switched to an alternative regimen at least 6 months
before conception. (4, 11,90, 91)

Graft survival appears to be unaffected by pregnancy
although there are reports of rejection in 2% to 17% of cases
during pregnancy and in 3% to 12% of cases in the postpar-
tum period. As in women who are not pregnant, episodes
of rejection should be managed by investigating the cause
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of rejection and adjusting administration of immunosup-
pressants. (2, 12)

Prenatal medical examinations should be done every
four weeks and should always include screening for nor-
mal pregnancy infections. Vaccinations should be updated.
Examinations should also include periodic evaluations for
cytomegalovirus which can not only cause various malfor-
mations in fetal development, but can also compromise
graft survival. Once 24 weeks is reached, monitoring of
fetal well-being every two weeks is recommended. This
should include Doppler of the umbilical and uterine arte-
ries. Women who have had transplants and become preg-
nant should maintain hemoglobin levels between 10-12 g/
dL. Iron and erythropoietin stimulating agents, which are
not contraindicated in pregnancy, are recommended for
this purpose. (90, 91)

A review of the largest published studies of pregnancy in
liver transplant patients shows that the incidences of mater-
nal complications during pregnancy are 33.9% for hyper-
tension, 26.5% for infections, 21.5% for preeclampsia, 8.4%
for rejection and 6.7% for diabetes. (90) Cesarean delive-
ries are preferred primarily out of concern over obstetric
complications. (92)

Women who are on steroid-only management are allowed
to breastfeed, but breastfeeding is not advised for the vast
majority who take more than one immunosuppressant
since some effects of immunosuppression on newborns are
unknown. (4, 91)

Hormonal contraceptives taken by liver transplant
patients have no effects on liver function, incidence of
rejection, complications, patients’ cardiovascular health
and no interactions that would require discontinuation of
medications. However, calcineurin inhibitor toxicity asso-
ciated with inhibition of cytochrome P-450 by oral contra-
ceptives may develop. Consequently, women who have liver
transplants who use hormonal contraceptives require strict
control of cyclosporine and tacrolimus levels. Intrauterine
devices are the most widely used contraceptive method in
these patients, since they are safe for graft viability and do
not increase the risk of intrauterine infections. (90-92)
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