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The Pathogenesis of Liver Diseases

in Pregnancy

Christopher Chang

Key Points

Liver diseases in pregnancy can include acute fatty
liver of pregnancy (AFLP); hyperemesis gravi-
darum; hemolysis, elevated liver enzymes, and low
platelet (HELLP) syndrome; severe eclampsia; and
hepatic cholestasis of pregnancy.

Acute fatty liver of pregnancy is a serious disease,
with current mortality rates still as high as 5%.
While hyperemesis gravidarum usually occurs early
in pregnancy, the others occur in the later
trimesters.

The pathogenesis of AFLP may be defect in fatty
acid metabolism, such as a deficiency of long-chain
3-hydroxyl acyl CoA dehydrogenase (LCHAD).
The pathogenesis of HELLP may be similar to that
of severe preeclampsia and may involve a microan-
giopathy and activation of the coagulation system,
but other factors such as complement, fatty acid
metabolism, and the renin-angiotensin system may
play a role.

The pathogenesis of hyperemesis gravidarum is
unknown but is probably multifactorial, with
genetic, environmental, and epigenetic factors
involved.

The incidence of intrahepatic cholestasis of preg-
nancy varies widely, suggesting a genetic compo-
nent to the pathogenesis, although estrogen levels
may play a role as well.
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Introduction

Pregnancy is a normal physiologic process. However, preg-
nancy is associated with changes in multiple organ systems
in order to adapt to a growing fetus. Physiologic changes
resulting from pregnancy are shown in Table 33.1. In addi-
tion to changes in vascular circulation and flow, the state of
pregnancy also affects the gastrointestinal, cardiovascular,
and respiratory systems. But changes also occur in other sys-
tems, including the skin and musculoskeletal, neurological,
and psychological systems. Changes in lipid metabolism [1,
2] and liver enzymes [3] also occur although structurally the
liver is unchanged [4].

New-onset liver disease can present during pregnancy,
while patients with preexisting liver disease may experience an
increase or exacerbation of their disease [5, 6]. The commonly
recognized liver diseases that are associated with pregnancy
include acute fatty liver of pregnancy (AFLP); hemolysis, ele-
vated liver enzymes, and low platelet (HELLP) syndrome;
hyperemesis gravidarum; intrahepatic cholestasis of preg-
nancy; preeclampsia/eclampsia; and pregnancy-related hemo-
lytic-uremic syndrome (HUS) [5, 7-10]. There is some

Table 33.1 Physiologic and immunologic status related to the liver
during pregnancy

Liver
Normal liver structure
Gall bladder
Normal biliary tract
Increased fasting and residual gallbladder volume
Serum chemistries and liver function
Reduced serum albumin beginning in first trimester (resulting
from hemodilution)
Increased serum cholesterol
Increased serum triglycerides
Increased alkaline phosphatase levels
Reduced gamma-glutamyl transpeptidase
Slightly increased ALT levels in serum
Unchanged AST levels in serum
Reduced total and free bilirubin levels
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evidence that HELLP may be merely a more severe form of
preeclampsia, in which case the two conditions may share a
common pathogenesis. However, our knowledge of the patho-
genesis of most of these conditions is far from complete.

Physiologic Changes in the Liver During
Pregnancy

Any liver disease that occurs in pregnancy must be assessed
in the context of normal physiologic changes that occur in
the liver and other organs or systemically during pregnancy.
For example, spider angiomas and palmar erythema are two
skin changes that can occur in liver diseases but are also
found in higher frequency during normal pregnancy. On the
other hand, there has been no evidence that there are
histological or structural changes within the liver during
pregnancy [4]. On physical examination, the liver is pushed
upward by the uterus; therefore, if the liver is palpable on
examination, then this is considered to be abnormal.
Biochemical changes can also occur during pregnancy;
hemodilution can cause a reduced albumin level [3], but cho-
lesterol and triglycerides are significantly increased [1, 2].

Liver enzymes may also change during normal pregnancy
[3]. Alkaline phosphatase levels are usually at least twice
that of normal. Serum alanine aminotransferase (ALT) is
slightly elevated but not serum aspartate aminotransferase
(AST). Serum gamma glutamyl transferase levels decrease
during pregnancy, accompanied by increased 5 nucleotidase
levels. Overall, indirect and direct bilirubin levels tend to
trend lower during pregnancy.

The clinical presentation of hepatobiliary disease
includes nausea, vomiting, abdominal pain, jaundice,
malaise, and pruritus. When there is jaundice, such as in
intrahepatic cholestasis of pregnancy, the itch can be very
severe and debilitating. Unfortunately, itching can be very
difficult to treat. The correct diagnosis of liver diseases
that occur during pregnancy depends on timing [11], as
some, such as hyperemesis gravidarum, are more fre-
quently seen early, as in the first trimester, whereas others,
such as intrahepatic cholestasis of pregnancy, occur more
often in late pregnancy. Acute fatty liver of pregnancy and
HELLP usually occur late in the second or in the third
trimester, but earlier onset has been reported [11]. A com-
parison of the different liver diseases seen in pregnancy is
shown in Table 33.2.

Table 33.2 Comparison of the different liver diseases seen in pregnancy

Hyperemesis
Parameter AFLP gravidarum HELLP
Incidence 1 in 7000-20,000 Approximately 0.1-1% of pregnant
pregnancies 1 in 300 women, 1-2% of
pregnancies preeclampsia
Trimester Third First Late second to third
Presentation ~ Nausea, vomiting, Vomiting Abdominal pain,
abdominal pain, malaise, persistent enough nausea, vomiting,
headache, anorexia, to lead to a 5% malaise
hypertension, jaundice,  weight loss
ascites, encephalopathy,
DIC
Laboratory Elevated ALT; AST Ketonuria, Elevated AST,
findings usually below 500 p/1; elevated ALT, less platelets less than
elevated WBC; decreased elevated AST, 100,000/mm?,
platelets; elevated uric usually both elevated LDH, Total
acid, creatinine, and below 1000 p/1 bilirubin greater
ammonia; decreased than 1.2 mg/dl,
glucose, fibrinogen, and elevated uric acid
antithrombin levels;
increased APTT, PT; burr
cells on peripheral smear;
proteinuria
Defined Swansea criteria No Yes

criteria

Intrahepatic
cholestasis
0.32-5.6% in the
United States,
0.5-1.5% in Europe,
27.6% in Araucanos
Indians in Chile
Late second to third
Pruritus, right upper
quadrant pain,
nausea, poor sleep,
reduced appetite

Elevated ALT, AST,
elevated total
bilirubin (usually less
than 6 mg/dl), direct
bilirubin, elevated
serum bile acids

Preeclampsia with severe
features (liver involvement)

1% of all pregnancies

Late second to third
Hypertension, proteinuria,
end-organ dysfunction,
headache, may have pulmonary
edema, renal insufficiency

ALT, AST greater than 2 times
normal range, platelets less than
100,000/mm?, elevated uric acid,
increased serum creatinine,
protein/creatinine ration in urine
is increased

Yes (ACOG)
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Table 33.2 (continued)

Hyperemesis Intrahepatic Preeclampsia with severe
Parameter AFLP gravidarum HELLP cholestasis features (liver involvement)
Mortality Decreased from 75% to ~ Never Variable Rare (though 1 per 100,000 live births,
less than 5% over past prematurity and case-fatality rate of 6.4 deaths
decades stillbirth have been per 100,000, liver involvement
reported) present in 10-15% of maternal
deaths associated with
preeclampsia
Pathogenesis  20% associated with Unclear, thrombotic Unknown, possibly  Poor placental perfusion, shallow
LCHAD deficiency, microangiopathy, related to estrogen placentation, failure to remodel
presumed defective complement and progesterone spiral arteries of decidua and
fetoplacental fatty acid dysregulation, metabolism (reduced myometrium, antiangiogenic
metabolism LCHAD deficiency  5-alpha and 3-alpha  factors such as sFLT-1, endoglin
progesterone and
saturation of liver
transport system)
Predominant Male Female N/A N/A
gender of
fetus
Risk factors ~ Fetal LCHAD deficiency, Young maternal  Previous history of  History of liver Risk factors or preeclampsia:
multiple gestation, age, primigravida, preeclampsia or disease, in vitro past history of preeclampsia,
previous AFLP, low BMI female fetus HELLP fertilization, multiple multiple gestation, primigravida,
(less than 20 kg/m?), pregnancy, personal  family history of preeclampsia,
preeclampsia or HELLP, or family history of ~ advanced maternal age, prior
male fetus IHC pregnancy associated with
placental insufficiency, existing
medical conditions including
pregestational diabetes, chronic
hypertension, SLE, APS,
prepregnancy BMI greater than
25 kg/m?, chronic kidney disease
Treatment Delivery of the fetus Delivery of the UDCA, S-adenosyl-  Delivery of the fetus,
fetus, methionine, antihypertensive therapy
antihypertensive cholestyramine,
therapy, magnesium  rifampin,
sulfate, steroids hydroxyzine or
steroids

AFLP acute fatty liver in pregnancy; APTT activated partial thromboplastin time; ALT alanine aminotransferase; AST aspartate aminotransferase;
BMI body mass index; DIC disseminated intravascular coagulation; HELLP hemolysis, elevated liver enzymes, and low platelet count; /HC intra-
hepatic cholestasis of pregnancy; LCHAD long-chain 3-hydroxyl CoA dehydrogenase; PT prothrombin time; UDCA ursodeoxycholic acid

Liver Diseases Unique to Pregnancy
Acute Fatty Liver of Pregnancy

Acute fatty liver of pregnancy (AFLP) is estimated to occur in
about 1 in every 7000-20,000 pregnancies [12—-15]. It is a
severe illness, and while mortality rates have decreased signifi-
cantly with improved recognition and care, it is still a poten-
tially fatal condition. Mortality rates for the mother and child
used to be up to 75% and 85%, respectively. This has dropped
to a still significant 18% and 23%, respectively, and some
reports suggest that with improved care, the mortality rates
have now dropped to 5%. AFLP usually presents in the third
trimester. The symptoms include nausea and vomiting, abdom-
inal pain, tiredness, loss of appetite, and headache. Patients

may suffer from hypertension, but this is more common in
HELLP. Risk factors include a history of AFLP in previous
pregnancies, a history of HELLP, low body mass index, and
multiple gestation [16, 17]. In contrast to hyperemesis gravi-
darum, it is more common in those with male fetuses.

AFLP can be confused with HELLP. One differentiating
factor is the fibrinogen level, wherein a fibrinogen level
greater than 300 mg/dl is more common in patients with
AFLP. Other biomarkers that can differentiate AFLP from
HELLP include prolonged prothrombin time (PT) and acti-
vated partial thromboplastin time (aPTT), low blood sugar,
and abnormally high creatinine levels. The Swansea criteria
were introduced and validated in the United Kingdom for the
diagnosis of AFLP. In a small study of women who under-
went liver biopsies, positive and negative predictive val-
ues were established at 85% and 100%, respectively [18].
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Table 33.3 Swansea criteria for the diagnosis of AFLP

Clinical criteria
Abdominal pain
Encephalopathy
Polydipsia or polyuria
Vomiting
Laboratory criteria
Acute kidney injury with creatinine over 1.7 mg/dl
Elevated ammonia greater than 47 pmol/I
Elevated bilirubin over 0.8 mg/dl
Elevated transaminases over 42 [U/1
Elevated uric acid greater than 5.7 mg/dl
Hypoglycemia less than 72 mg/dl
Leukocytosis over 11,000 cells/pl
Prothrombin time greater than 14 s or other evidence of
coagulopathy
Imaging
Ascites or bright liver diagnosed by ultrasound
Biopsy
Microvesicular steatosis determined by liver biopsy

Any six of the above criteria are required to make the diagnosis of
AFLP

The criteria are shown in Table 33.3. Six of the fourteen cri-
teria in the absence of an alternative cause of liver disease
must be present to make the diagnosis of AFLP [19].

AFLP can be more dangerous than HELLP, in that AFLP
can progress to liver failure, severe hypoglycemia, and
encephalopathy. One study reported that in 46 patients with
liver failure or imminent liver failure, 70% had AFLP and
15% had HELLP [20].

Pathogenesis

The pathogenesis of AFLP is unknown. It has been postu-
lated that it may be related to an abnormality in fetal fatty
acid metabolism. In the latter stages of pregnancy, there is an
increase in free fatty acids. This is necessary to support feto-
placental growth. Women with an inherent defect in fatty
acid metabolism, such as a deficiency of long-chain
3-hydroxyl acyl CoA dehydrogenase (LCHAD) [21], are not
able to keep up with the metabolism of the increased fatty
acid burden and fatty acids accumulate in hepatocytes, lead-
ing to cellular damage [22].

LCHAD catalyzes the conversion of 3-hydroxyacyl-CoA
to 3-ketoacyl-CoA. If a fetus is homozygous for a pathogenic
variation in LCHAD, then the fetoplacental unit is incapable
of the beta-oxidation of mitochondrial fatty acids, and inter-
mediate products are released into the maternal circulation.
Since the mother is heterozygous for a pathogenic variant,
she is unable to metabolize long-chain fatty acids and this
leads to maternal liver dysfunction, which then causes a
coagulopathy, along with electrolyte imbalances and eventu-
ally multi-organ failure.

It is estimated that LCHAD deficiency is responsible for
up to 20% of AFLP [13, 14]. The most common pathogenic
mutation is G1528C, p.Glu474GIn. Though not as frequently
seen as LCHAD, deficiencies in short-chain acyl-CoA dehy-
drogenase [23], medium-chain acyl-CoA dehydrogenase
[24], and carnitine palmitoyltransferase [25] can also lead to
AFLP.

The role of the placenta in the pathogenesis of AFLP can-
not be discounted. An animal model was developed to study
AFLP. Microvesicular steatosis was induced using sodium
valproate, and this led to structural alterations in the mito-
chondria and evidence of oxidative stress in organelles of the
liver. These changes were also seen in the placenta of patients
with AFLP [26].

HELLP Syndrome

HELLP is an acronym for hemolysis, elevated liver enzymes,
and low platelet, a syndrome that occurs during pregnancy.
The term was first coined in 1982 by Louis Weinstein
following a review of 29 patients with common complica-
tions of pregnancy [27]. The pathophysiology of HELLP
syndrome is unknown. HELLP is sometimes thought of as a
more severe form of preeclampsia, although it has not been
definitively determined that these two conditions are related.
There are observations seen in preeclampsia, such as a higher
incidence with nulliparity, which are not seen in HELLP
[28]. HELLP patients have more inflammation of the liver
and abnormalities in coagulation than patients with pre-
eclampsia [29-31]. The incidence of HELLP is between
0.1% and 1.0% of pregnancies [32]. Risk factors include a
history of preeclampsia or HELLP during a previous preg-
nancy. Complications of HELLP include liver hemorrhage in
the mother and prematurity in the fetus.

Criteria for the Diagnosis of HELLP Syndrome

Criteria for diagnosing HELLP are shown in Table 33.4.
There are two sets of criteria, the Mississippi and the
Tennessee criteria. In addition to a peripheral smear demon-
strating evidence of hemolysis, such as schistocytes and burr
cells, there should also be anemia, increased serum bilirubin,
and low haptoglobin. To satisfy the features of thrombocyto-
penia and liver disease, the platelet count should be less than
100,000 cells per microliter and the AST or ALT two times
more than the normal. Other biomarkers include an elevated
lactate dehydrogenase (LDH).

The differential diagnosis of HELLP includes AFLP,
thrombotic thrombocytopenic purpura (TTP), and pregnancy-
related atypical hemolytic-uremic syndrome (HUS). How to
distinguish HELLP from AFLP was already discussed in the



33 The Pathogenesis of Liver Diseases in Pregnancy

543

Table 33.4 Criteria for the diagnosis of HELLP

Criteria for the diagnosis of HELLP (Tennessee) [32]

Hemolysis Elevated liver Low platelets

enzymes

At least two of the following And And

Severe anemia AST or ALT Less than

Serum bilirubin greater than or ~ must be at least 100,000

equal to 1.2 mg/dl 200% of upper  platelets per
limits of normal ~ microliter

Peripheral smear showing burr
cells and schistocytes

Low serum haptoglobin (less
than 25 mg/dl) or elevated
lactate dehydrogenase (greater
than twice upper limits of
normal

Criteria for the diagnosis of HELLP (Mississippi) [130]

Class Liver enzymes LDH Platelets®

1 AST or ALT Greater than ~ Less than 50,000 platelets
greater than or or equal to per microliter
equal to 70 IU/ 600 IU/ml
ml

2 AST or ALT Greater than ~ Platelet count less than or

greater than or 600 IU/ml equal to 100,000 and
equal to 70 IU/ greater than 50,000 per
ml microliter

3 AST or ALT Greater than  Platelet count less than or

greater than or 600 1U/ml equal to 150,000 or greater
equal to 40 TU/ than 100,000 per
ml microliter

Platelet count is the nadir during the course of the disease

section above. TTP can also present with elevated LDH, but
transaminases are generally normal. Clotting parameters are
more likely to be prolonged in HELLP compared with TTP,
where only platelet counts are decreased. TTP also tends to
occur earlier in pregnancy than HELLP, predominantly in the
second trimester compared with the third trimester for
HELLP. Pregnancy-related atypical HUS usually presents
with a higher incidence of renal disease. The renal disease is
often severe enough to lead to dialysis, whereas liver involve-
ment in Pregnancy-related HUS is generally absent to mild.
The distinction between preeclampsia, pregnancy-related
HUS, and HELLP is not always clear.

A case of transfusion-related acute lung injury (TRALI)
has been reported after a Caesarean section in a patient with
HELLP [33].

Histology in HELLP Syndrome

Pathologic changes of the placenta in HELLP syndrome
have been studied, comparing the normal placenta with the
placenta in patients with preeclampsia with and without
HELLP. In one study, the preeclampsia patients with HELLP
syndrome tended to have higher placental weights than those
without HELLP [34], but this was not confirmed in another
study [35]. Small-sized villi with increased syncytial knot-

ting may occur, which may be indicative of poor placental
perfusion [36]. Additional changes in the placenta are dis-
cussed in the next section.

Pathogenesis of HELLP

HELLP may represent more than one disease that may have
varying pathogenetic mechanisms. For example, there is a
small number of HELLP patients with a fetal long-chain
3-hydroxyacyl CoA dehydrogenase deficiency, similar to
AFLP [21]. Two series of 6 and 19 cases found that 100%
and 79% of pregnancies in which there was a deficiency of
LCHAD developed HELLP, respectively [22, 37].

The pathogenesis of most cases of HELLP is thought to
be related to a microangiopathy and activation of the intra-
vascular coagulation pathway. The pathological changes
include vascular spasms, platelet aggregation, vascular endo-
thelial damage, platelet consumption, deposition of fibrin,
and ultimately, end-organ ischemia and failure.

Complement may play a role in pathogenesis of
HELLP. The activation of complement may be triggered by
an immunological rejection of the fetus by the mother. This
loss of tolerance leads to activation of complement and the
release of C3a, C5a, and the later components of the comple-
ment cascade. Complement has many functions in the human
immune system, but those relevant to HELLP may include
stimulation of macrophages and leukocytes leading to the
release of vasoactive substances, ultimately causing those
pathological changes noted in the mentioned previously.
This leads to the clinical manifestations including thrombo-
cytopenia, hemolysis, and liver enzyme elevation [38—40].
Complement activation appears to be involved in the patho-
genesis of preeclampsia and spontaneous abortion in women
with systemic lupus erythematosus or positive antiphospho-
lipid antibodies. This study utilized the PROMISSE database
of 250 pregnant patients with lupus or positive antiphospho-
lipid antibodies to demonstrate mutations in three comple-
ment regulator proteins (complement factors H and I and
membrane cofactor protein (MCP)) [41]. In a case report, a
woman with severe HELLP that developed relatively early in
pregnancy was treated with eculizumab, a monoclonal anti-
body directed against C5, and displayed significant clinical
improvement and resolution of laboratory abnormalities.
The period of remission lasted 16 days, but then the symp-
toms of HELLP recurred [42].

Other factors that may play a role in the pathogenesis of
HELLP include the renin-angiotensin system. Elevated
angiotensin II levels are known to play a role in hypertension
and renal disease [43]. Agonistic autoantibodies to the type 1
angiotensin II receptor leads to their activation, which can
potentially lead to regulation of the activity of intracellular
Protein Kinase C, leading to angiotensin II-induced vascular
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abnormalities. It has also been shown that the renin-
angiotensin system plays a role in hepatic fibrosis and
chronic liver disease. Inhibitors of this pathway have been
shown to reduce fibrosis scores compared to controls [40].
Also reduced were the serum fibrosis markers including
TGF-1, collagen I and IV, TIMP-1, and MMP2. In other
studies, investigators noticed an improvement in mean arte-
rial pressures in patients treated with renin-angiotensin sys-
tem inhibitors compared with controls.

Some authors have suggested that HELLP syndrome
originates as a result of placental ischemia which may either
cause or result from aberrant placental development and
abnormal function. It has been proposed that liver ischemia
causes release of mediators that leads to endothelial damage
including vasoconstrictive agents. Platelet activation ensues
[44]. Which involves remodeling of the placental arteries
and defective placentation, placental infarction and abrup-
tion [34].

Hyperemesis Gravidarum

Hyperemesis gravidarum is a pregnancy-related condition
that is characterized by excessive nausea and vomiting,
weight loss, and dehydration. It usually occurs in the earlier
phases of pregnancy and usually resolves by about the 20th
week of pregnancy but in some cases may persist throughout
pregnancy. It is fairly common, occurring in about 1 in every
300 pregnancies. Risk factors include young age of the
mother, primigravida, and multiple pregnancy. It is also asso-
ciated with elevated serum aminotransferase and bilirubin
levels. Given that nausea and vomiting are so common in the
early stages of pregnancy (up to 90% incidence) and are part
of normal expected changes in physiology, the name hyper-
emesis gravidarum must be applied only to those patients on
the extreme end of the symptom spectrum. In many cases,
hyperemesis gravidarum affects quality of life, leading to
direct and indirect work performance issues.

The risk factors associated with hyperemesis gravi-
darum are unclear [45-47]. There may be a genetic risk,
based on the increased occurrence in family members and
on twin studies [48—55]. One of the most intriguing obser-
vations is that hyperemesis occurs significantly more fre-
quently with female fetuses, with an odds ratio of 1.27,
95% CI 1.21-1.34 [56]. The things that you should never
do during pregnancy, including drinking alcohol and ciga-
rette smoking, are ironically associated with a lower risk of
hyperemesis gravidarum [47].

In addition to symptoms of nausea and vomiting, patients
with hyperemesis gravidarum also may present with elevated
liver enzymes. In one study, this occurred in about half of the
patients admitted for hyperemesis [57]. The ALT elevation is
generally higher than that of AST. The levels typically do not

go over 1000 units/l. The total bilirubin level may also be
elevated but generally it is mild [58].

Many of the patients with hyperemesis also have elevated
thyroid levels, which has been blamed on the higher activity
of human chorionic gonadotropin and its ability to stimulate
the thyroid gland [59]. Other laboratory findings in hyper-
emesis gravidarum include elevated serum amylase and
lipase [60], decreased magnesium and calcium levels, elec-
trolyte derangements, and elevated hematocrit; the latter are
due to persistent vomiting and hypovolemia, respectively
[61]. In cases where liver biopsies were done to exclude
other liver diseases, findings were either normal or showed
nonspecific findings including a lack of inflammation but
with areas of necrosis and central vacuolization [58, 62].

Pathogenesis of Hyperemesis Gravidarum

The mechanisms by which nausea and vomiting occur in
pregnancy is unknown. Hormones such as estrogen and pro-
gesterone have been implicated, but there is no formula for
their relative amounts that have been found to definitively
cause these symptoms. Estrogen levels have been blamed,
but these are highest in the third trimester which is contrary
to this argument. Human chorionic gonadotropin (hCG) lev-
els are highest in the first semester, so this suggested a pos-
sible role in early pregnancy nausea and vomiting, but studies
have not shown a correlation between high hCG levels and
these symptoms.

One proposal mentions Helicobacter pylori as a cause of
nausea and vomiting. However, the results are inconsistent.
A systematic review and meta-analysis published in 2014
found that, collectively, the studies showed a significant
higher incidence of H. pylori in patients with hyperemesis
gravidarum than in normal pregnant controls, but it was also
noted that there was a large variability between studies. The
studies also did not distinguish between past or active
infection.

Abnormal gastrointestinal motility has also been cited, as
well as reduced esophageal sphincter integrity, suggesting
that in pregnancy, there is increased gastrointestinal reflux
[63]. However, this does not explain why nausea and vomit-
ing would improve as the pregnancy progresses.

Finally, genetic studies have identified certain alleles that
convey a higher risk of nausea and vomiting, including the
placental proteins GDF15 and IGFBP7 and the hormone
receptors GFRAL and PGR [64, 65].

Intrahepatic Cholestasis of Pregnancy

Intrahepatic cholestasis presents during the late second or
early third trimester and resolves quickly upon delivery of
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the fetus. The incidence is variable and ranges from less than
1% in European studies [66] to 27.6% in Araucanos Indians
in Chile [67]. While variability depends on geography and
environmental factors, there are no specific triggers that have
been identified. Some studies have found a seasonal predom-
inance in the winter months [66].

Even within the United States, variability is high and can
range from 0.32% to 5.6%, the higher incidence being found
in a primarily Hispanic population [68, 69]. Patient-related
risk factors have been identified to include advanced mater-
nal age, a family history of intrahepatic cholestasis, chronic
hepatitis C infection, and a prior pregnancy with the disease
[70]. Intrahepatic cholestasis is the most common liver dis-
ease that is unique to pregnancy.

Pathogenesis of Intrahepatic Cholestasis
of Pregnancy

It is believed that the etiology of intrahepatic cholestasis of
pregnancy is multifactorial, with genetic, environmental, and
hormonal factors all playing a role. The genetic component
is supported by a familial predisposition to develop the con-
dition. There are also increased risks in certain ethnic groups
and in first-degree relatives.

Although no specific environmental factors have been
identified, a contribution of the environment to the pathogen-
esis is supported by a seasonal pattern seen in some studies
as well as the wide-ranging geographic variation mentioned
above. Other environmental factors that have been impli-
cated are low vitamin D levels resulting from a lack of
sunlight exposure and low selenium levels resulting from
poor diet [71].

Hormonal factors include elevated estrogen levels. This
seems to be consistent with the timing of intrahepatic cho-
lestasis. It most often occurs in the second trimester when
estrogen levels are at their highest, and it often occurs in twin
pregnancies which are also associated with higher estrogen
levels compared to uniparous pregnancies [72, 73].

A 2019 randomized study of 600 women with intrahe-
patic cholestasis of pregnancy showed that ursodeoxycholic
acid was better than placebo in controlling pruritus, but did
not perform better than placebo in composite measures
including neonatal unit admissions, perinatal deaths, and
preterm delivery and also did not change the incidence of
stillbirth [74].

Preeclamptic Liver Dysfunction (Preeclampsia
with Severe Features)

Particularly severe cases of preeclampsia are labeled as pre-
eclampsia with severe features. This terminology was

Table 33.5 Criteria for the diagnosis of preeclampsia

Systolic blood pressure greater than or equal to 160 mmHg, diastolic
blood pressure greater than equal to 110 mmHg (after 20 weeks’
gestation, confirmed?)
or
Systolic blood pressure greater than or equal to 140 mmHg, diastolic
blood pressure greater than or equal to 90 mmHg (after 20 weeks’
gestation, confirmed?), plus new onset of at least one of the
following:
Cerebral or visual symptoms (including headache, blurry vision,
scotomas, photophobia)
Liver transaminases higher than twice the upper limit of normal
for local laboratory
Platelet count less than 100,000/mm?
Proteinuria greater than 0.3 g in a 24-h urine collection or greater
than 0.3 mg/mg in a random urine sample
Pulmonary edema
Serum creatinine greater than 1.1 mg/dl or twice the normal
creatinine

*Confirmed means detected on two occasions 4 hours apart

changed from severe preeclampsia in 2013. As mentioned
above, there is considerable overlap between preeclampsia
and HELLP. Criteria for the diagnosis of severe preeclamp-
sia are shown in Table 33.5. With preeclampsia with severe
features, the overlap is even more significant. The severe fea-
tures include seizures, pulmonary edema, hypertensive
encephalopathy, stroke, retinal detachment, cortical blind-
ness, disseminated intravascular coagulation, placental
abruption, renal failure, and hepatic failure or rupture. Death
can ensue from many of these complications. Liver disease
can be present in both HELLP and in preeclampsia with
severe features [75]. The incidence of preeclampsia with
severe features in the United States is about 1% of all preg-
nancies [76]. The incidence is higher in women who have
never given birth [77, 78].

Pathogenesis of Preeclampsia

While the pathophysiology of preeclampsia is most likely
dependent on both maternal and fetal factors, there is evi-
dence that the placenta plays a significant role as well. The
development of preeclampsia is dependent on the placental
tissue, not the fetus. The disease resolves after delivery of the
placenta, but full recovery may take weeks. Abnormal struc-
tural development of the placenta has been demonstrated in
patients with preeclampsia. Normal placental development
involves remodeling of the spiral arteries during the late first
trimester [79, 80]. Maternal spiral arteries are the terminal
branches of the uterine artery which supplies nutrients to the
fetus and placenta. It has been shown that in preeclampsia
these spiral arteries do not penetrate the myometrium and do
not develop into the normal large vascular channels, instead
remaining narrow and causing reduced perfusion to the pla-
centa [81, 82]. In addition, ineffective trophoblast develop-
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ment has been shown to be related to defective spiral artery
invasion. The pseudo-vasculogenesis from adhesion mole-
cule expression to endothelial cell expression [83] that is
seen in normal placental development is impaired in women
with preeclampsia [79, 80]. The impaired trophoblast differ-
entiation may be under the control of semaphorin 3B, which
inhibits the vascular endothelial growth factor signaling
pathway [84]. All this leads to decreased perfusion to the
placenta. The ischemic placenta can generate factors such as
soluble frns-like tyrosine kinase 1 (sFLT-1) which may play
arole in the maternal features of preeclampsia [85, 86].

Immunological factors that have been shown to play a
role in preeclampsia are analogous to those seen in transplant
rejection. After all, the fetus is to some extent foreign to the
mother, and the mother must be able to develop tolerance to
the fetus to carry it to term. The development of tolerance is
dependent on the expression of HLA class I antigens HLA--
A-C, HLA-E, and HLA-G by extravillous trophoblast cells
and the ability for natural killer cells to express the appropri-
ate receptors such as killer immunoglobulin receptors (KIR)
to recognize these class I molecules. One study showed poly-
morphisms in KIR and HLA-C were associated with a higher
risk of preeclampsia [87].

The role of antibodies to the angiotensin II type 1 (AT-1)
receptor has also been suggested in the pathogenesis of pre-
eclampsia. The angiotensin AT-1 receptor may stimulate the
SFLT-1 receptor mentioned above and may also play a role in
the mobilization of intracellular free calcium, increased plas-
minogen activator-1 production, and the defective tropho-
blast invasion that occurs in preeclampsia [88-91]. In
addition, signs of exaggerated levels of inflammation have
been detected in mothers with preeclampsia, including com-
plement activation or dysregulation [92, 93], nitric oxide
production [94], increases in cell-free DNA [95, 96], and cir-
culating syncytiotrophoblast debris [97, 98].

Genetic factors in preeclampsia have been identified.
Variants in the DNA sequence near the FLT1 locus on chro-
mosome 13 in the human fetal genome has been associated
with preeclampsia [99]. Genetic evidence has also suggested
that the genetic factors that play a role in HELLP may be
different than those in preeclampsia with severe features
[100]. Other polymorphisms reported to play a role in pre-
eclampsia include those in the SERPINE1 (PAI-1) 4G/4G
insertion/deletion promoter [101, 102].

The critical function of the endothelium in pregnancy is
demonstrated by the potential role of endothelial dysfunction
in the development of preeclampsia. Deficiency in the func-
tion of VEGF (as mentioned earlier) and placental growth
factor (PIGF) has been implicated in the pathogenesis of pre-
eclampsia [103]. SFLT-1 has a direct role in inhibiting the
biological activity of these growth factors. Another endothe-
lial factor that may play a role in preeclampsia is soluble
endoglin. Endoglin is a co-receptor of transforming growth
factor (TGF)-f that is highly expressed in the vascular endo-

thelium and syncytiotrophoblasts. Soluble endoglin function
as an anti-angiogenic protein which may affect the tropho-
blast development within the placenta [104—106].

Liver Diseases Not Unique to Pregnancy
Neonatal Lupus

While heart block is the most well-known manifestation of
neonatal lupus, the disease can also affect the skin, liver,
spleen, as well as hematological and neurological systems.
The liver diseases that occur in the neonate as a result of
neonatal lupus are most commonly intrahepatic cholestasis
and/or hepatitis [107, 108], usually manifested by jaundice,
icterus, and transient elevation of liver enzymes. The inci-
dence of liver involvement in neonatal lupus is between 10%
and 24%. This is usually mild and resolves spontaneously
within the first 6 months of life, as do other noncardiac mani-
festations of neonatal lupus [109—-111].

Pathogenesis of Neonatal Lupus

The pathogenesis of neonatal lupus can be traced to the pres-
ence of autoantibodies to Ro/SSA and La/SSB. U1-RNP auto-
antibodies can also be seen in neonatal lupus [112-114].
However, it is unclear if these autoantibodies are pathogenic.
Mothers who have infants with neonatal lupus do not necessar-
ily have lupus themselves at the time of delivery, but they fre-
quently show positive autoantibodies. The risk of having a child
with neonatal lupus is related to the presence of these autoanti-
bodies and is about 2% [115]. If the mother has had a child with
neonatal lupus, then the incidence increases with subsequent
pregnancies. Other pathogenic mechanisms that have been pro-
posed in neonatal lupus include maternal-fetal microchimerism.
In one study, maternal cells were found in the myocardium of
male fetus or neonates of Ro and La antibody-positive mothers
who developed heart block [116]. Fetal HLA-alleles have been
associated with neonatal lupus, with high risk alleles being
HLA-DRB1*04 and HLA-Cw*05 and low risk alleles being
DRB1#13 and Cw*06 in one Swedish study [117]. It is likely
that the pathogenesis of neonatal lupus, as in many other auto-
immune diseases, is a combination of genetic and environmen-
tal factors [112, 118]. The pathogenesis for developing liver
disease in neonatal lupus is not known.

Patients with Preexisting Liver Disease
Autoimmune Hepatitis and Pregnancy

Autoimmune hepatitis is a risk factor for pregnancy and has
been associated with a higher frequency of stillbirth, prema-
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turity, and spontaneous abortions. Moreover, patients with
AIH can experience flare-ups during and after pregnancy. In
addition, if the AIH is advanced and there is evidence of por-
tal hypertension, the risk of bleeding is increased. In spite of
this, the prognosis for the newborn is generally favorable. A
report of nine pregnancies in seven patients who had autoim-
mune hepatitis revealed 22.2% exacerbations [119]. Six of
the pregnancies resulted in live births (two premature), and
three were first trimester miscarriages. Flares were treated
with azathioprine and prednisolone in 2/3 of the patients.

Pathogenesis of Autoimmune Hepatitis

Like most autoimmune diseases, the pathogenesis of autoim-
mune hepatitis is multifactorial, with genetic and environ-
mental factors playing a role. Autoimmune hepatitis presents
with elevated liver enzymes resulting from inflammation of
the liver. There are two forms of autoimmune hepatitis, type
1 and type 2, which are classified according to the autoanti-
bodies detected. Anti-nuclear antibodies and anti-smooth
muscle antibodies are characteristic of type 1 autoimmune
hepatitis, whereas liver kidney microsomal antibodies
(LKM-1) are found in type 2 autoimmune hepatitis.

The role of autoantibodies in the pathogenesis of autoim-
mune hepatitis is unclear. Other factors can precipitate auto-
immunity or a breakdown in tolerance that leads to invasion
of the hepatic parenchyma by a dense mononuclear infiltrate
that is seen on histological examination of the liver in auto-
immune hepatitis. CD4+ helper cells have been shown to be
able to recognize an autoantigen that is presented by MHC
class 1 molecules, leading to their activation and differentia-
tion into Th1 helper cells. These Th1 cells can activate mac-
rophages and further enhance HLA class 1 expression,
priming hepatocytes to be vulnerable to attack by cytotoxic
CD8+ T lymphocytes. At the same time, HLA class 2 expres-
sion leads to the production of various cytokines that favor
the development of autoantibodies. All this occurs in the face
of reduced Treg cell numbers and functions which further
allows autoreactive T cells to differentiate and proliferate
unchecked [120-123].

Multiple studies have shown that patients with autoim-
mune hepatitis can safely deliver a fetus [124, 125]. However,
poor pregnancy outcomes occur more often when disease
control of a patient’s autoimmune hepatitis is suboptimal
[126]. Risk factors for adverse outcomes include the pres-
ence of autoantibodies against soluble liver antigen (SLA),
Ro (SSA), and liver/pancreas antigen (LP) [127]. Twenty
percent of pregnant females have a flare during their preg-
nancy. The mechanisms that lead to flares during pregnancy
is not clear. The postpartum period carries a greater risk for
flare-ups in up to 52% of mothers who have delivered their
baby [128, 129].

Conclusion

Several different liver diseases can occur during pregnancy.
Some of these diseases are unique to pregnancy, whereas
others can be exacerbated during pregnancy. The diseases
that are unique to pregnancy include acute fatty liver of preg-
nancy, HELLP, intrahepatic cholestasis, and hyperemesis
gravidarum. These disorders can be distinguished by their
features and timing. Hyperemesis gravidarum usually pres-
ents early in pregnancy, but AFLP, HELLP, and severe pre-
eclampsia are more commonly seen in late pregnancy.
Intrahepatic cholestasis can also occur during late pregnancy
and is associated with pruritus. The prognosis varies for the
different liver diseases, and patients with AFLP can develop
severe liver dysfunction and liver failure. The treatment of
the more severe forms of liver diseases in pregnancy is to
deliver the fetus. The pathogenesis of liver diseases in preg-
nancy is multifactorial, with genetics and the environment
potentially playing relative roles.

References

1. Potter JM, Nestel PJ. The hyperlipidemia of pregnancy in nor-
mal and complicated pregnancies. Am J Obstet Gynecol.
1979;133(2):165-70.

2. Brizzi P, Tonolo G, Esposito F, Puddu L, Dessole S, Maioli M, et al.
Lipoprotein metabolism during normal pregnancy. Am J Obstet
Gynecol. 1999;181(2):430-4.

3. Bacq Y, Zarka O, Brechot JF, Mariotte N, Vol S, Tichet J, et al.
Liver function tests in normal pregnancy: a prospective study of
103 pregnant women and 103 matched controls. Hepatology.
1996;23(5):1030-4.

4. Antia FP, Bharadwaj TP, Watsa MC, Master J. Liver in nor-
mal pregnancy, pre-eclampsia, and eclampsia. Lancet.
1958;2(7050):776-8.

5. Ahmed KT, Almashhrawi AA, Rahman RN, Hammoud GM, Ibdah
JA. Liver diseases in pregnancy: diseases unique to pregnancy.
World J Gastroenterol. 2013;19(43):7639-46.

6. Almashhrawi AA, Ahmed KT, Rahman RN, Hammoud GM, Ibdah
JA. Liver diseases in pregnancy: diseases not unique to pregnancy.
World J Gastroenterol. 2013;19(43):7630-8.

7. Clinical updates in women’s health care summary: liver disease:
reproductive considerations. Obstet Gynecol. 2017;129(1):236.

8. Riely CA. Liver disease in the pregnant patient. American College
of Gastroenterology. Am J Gastroenterol. 1999;94(7):1728-32.

9. Ma K, Berger D, Reau N. Liver diseases during pregnancy. Clin
Liver Dis. 2019;23(2):345-61.

10. Goel A, Jamwal KD, Ramachandran A, Balasubramanian KA,
Eapen CE. Pregnancy-related liver disorders. J Clin Exp Hepatol.
2014;4(2):151-62.

11. Buytaert IM, Elewaut GP, Van Kets HE. Early occurrence of acute
fatty liver in pregnancy. Am J Gastroenterol. 1996;91(3):603—4.

12. Liu J, Ghaziani TT, Wolf JL. Acute fatty liver disease of preg-
nancy: updates in pathogenesis, diagnosis, and management. Am J
Gastroenterol. 2017;112(6):838-46.

13. Tran TT, Ahn J, Reau NS. Corrigendum: ACG clinical guideline: liver
disease and pregnancy. Am J Gastroenterol. 2016;111(11):1668.

14. Tran TT, Ahn J, Reau NS. ACG clinical guideline: liver disease and
pregnancy. Am J Gastroenterol. 2016;111(2):176-94; quiz 96.



548

C.Chang

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Nelson DB, Yost NP, Cunningham FG. Acute fatty liver of preg-
nancy: clinical outcomes and expected duration of recovery. Am J
Obstet Gynecol. 2013;209(5):456.e1-7.

Knight M, Nelson-Piercy C, Kurinczuk JJ, Spark P, Brocklehurst P,
System UKOS. A prospective national study of acute fatty liver of
pregnancy in the UK. Gut. 2008;57(7):951-6.

Davidson KM, Simpson LL, Knox TA, D’Alton ME. Acute fatty
liver of pregnancy in triplet gestation. Obstet Gynecol. 1998;91(5
Pt 2):806-8.

Wei Q, Zhang L, Liu X. Clinical diagnosis and treatment of acute
fatty liver of pregnancy: a literature review and 11 new cases. J
Obstet Gynaecol Res. 2010;36(4):751-6.

Goel A, Ramakrishna B, Zachariah U, Ramachandran J, Eapen CE,
Kurian G, et al. How accurate are the Swansea criteria to diagnose
acute fatty liver of pregnancy in predicting hepatic microvesicular
steatosis? Gut. 2011;60(1):138-9; author reply 9—40.

Pereira SP, O’Donohue J, Wendon J, Williams R. Maternal and
perinatal outcome in severe pregnancy-related liver disease.
Hepatology. 1997;26(5):1258-62.

Strauss AW, Bennett MJ, Rinaldo P, Sims HF, O’Brien LK, Zhao
Y, et al. Inherited long-chain 3-hydroxyacyl-CoA dehydrogenase
deficiency and a fetal-maternal interaction cause maternal liver
disease and other pregnancy complications. Semin Perinatol.
1999;23(2):100-12.

Ibdah JA, Bennett MJ, Rinaldo P, Zhao Y, Gibson B, Sims HF, et al.
A fetal fatty-acid oxidation disorder as a cause of liver disease in
pregnant women. N Engl J Med. 1999;340(22):1723-31.

Matern D, Hart P, Murtha AP, Vockley J, Gregersen N, Millington
DS, et al. Acute fatty liver of pregnancy associated with short-
chain acyl-coenzyme A dehydrogenase deficiency. J Pediatr.
2001;138(4):585-8.

Fukushima K, Ueno Y, Inoue J, Kanno N, Nagasaki F, Mikami E,
et al. Lack of common mutation in the alfa-subunit of the mitochon-
drial trifunctional protein and the polymorphism of CYP2EI in
three Japanese women with acute fatty liver of pregnancy/HELLP
syndrome. Hepatol Res. 2004;30(4):226-31.

Innes AM, Seargeant LE, Balachandra K, Roe CR, Wanders RJ,
Ruiter JP, et al. Hepatic carnitine palmitoyltransferase 1 defi-
ciency presenting as maternal illness in pregnancy. Pediatr Res.
2000;47(1):43-5.

Natarajan SK, Thangaraj KR, Goel A, Eapen CE, Balasubramanian
KA, Ramachandran A. Acute fatty liver of pregnancy: an update on
mechanisms. Obstet Med. 2011;4(3):99-103.

Weinstein L. Syndrome of hemolysis, elevated liver enzymes, and
low platelet count: a severe consequence of hypertension in preg-
nancy. Am J Obstet Gynecol. 1982;142(2):159-67.

Audibert F, Friedman SA, Frangieh AY, Sibai BM. Clinical util-
ity of strict diagnostic criteria for the HELLP (hemolysis, elevated
liver enzymes, and low platelets) syndrome. Am J Obstet Gynecol.
1996;175(2):460-4.

Abildgaard U, Heimdal K. Pathogenesis of the syndrome of hemo-
lysis, elevated liver enzymes, and low platelet count (HELLP): a
review. Eur J Obstet Gynecol Reprod Biol. 2013;166(2):117-23.
Benedetto C, Marozio L, Tancredi A, Picardo E, Nardolillo P,
Tavella AM, et al. Biochemistry of HELLP syndrome. Adv Clin
Chem. 2011;53:85-104.

Jebbink J, Wolters A, Fernando F, Afink G, van der Post J, Ris-
Stalpers C. Molecular genetics of preeclampsia and HELLP syn-
drome — a review. Biochim Biophys Acta. 2012;1822(12):1960-9.
Haram K, Svendsen E, Abildgaard U. The HELLP syndrome: clini-
cal issues and management. A review. BMC Pregnancy Childbirth.
2009;9:8.

Moon KM, Han MS, Rim CB, Kim SR, Shin SH, Kang MS,
et al. Transfusion related acute lung injury after cesarean sec-
tion in a patient with HELLP syndrome. Korean J Fam Med.
2016;37(1):71-4.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Vinnars MT, Wijnaendts LC, Westgren M, Bolte AC,
Papadogiannakis N, Nasiell J. Severe preeclampsia with and with-
out HELLP differ with regard to placental pathology. Hypertension.
2008;51(5):1295-9.

Smulian J, Shen-Schwarz S, Scorza W, Kinzler W, Vintzileos
A. A clinicohistopathologic comparison between HELLP syn-
drome and severe preeclampsia. J Matern Fetal Neonatal Med.
2004;16(5):287-93.

Gersell DJ, Karaus FT. Disease of the placenta. In: Kurman RJ, edi-
tor. Blaustein’s pathology of the female genital tract. 5th ed. New
Dehli: Springer; 2002. p. 1147-50.

Wilcken B, Leung KC, Hammond J, Kamath R, Leonard
JV. Pregnancy and fetal long-chain 3-hydroxyacyl coenzyme A
dehydrogenase deficiency. Lancet. 1993;341(8842):407-8.

Cho FN, Chen SN, Kan YY, Lee TC, Wang JS. Successful
management of a pregnant woman with HELLP syndrome,
pulmonary edema, postpartum hemorrhage and acute renal
failure, using early hemodialysis, intravenous immunoglobu-
lin and noninvasive monitoring: a case report. J Reprod Med.
2007;52(7):661-3.

Haram K, Mortensen JH, Nagy B. Genetic aspects of preeclampsia
and the HELLP syndrome. J Pregnancy. 2014;2014:910751.

Bu S, Wang Y, Sun S, Zheng Y, Jin Z, Zhi J. Role and mechanism
of AT1-AA in the pathogenesis of HELLP syndrome. Sci Rep.
2018;8(1):279.

Salmon JE, Heuser C, Triebwasser M, Liszewski MK, Kavanagh D,
Roumenina L, et al. Mutations in complement regulatory proteins
predispose to preeclampsia: a genetic analysis of the PROMISSE
cohort. PLoS Med. 2011:8(3):e1001013.

Burwick RM, Feinberg BB. Eculizumab for the treatment of pre-
eclampsia/HELLP syndrome. Placenta. 2013;34(2):201-3.

Kim G, Kim J, Lim YL, Kim MY, Baik SK. Renin-angiotensin
system inhibitors and fibrosis in chronic liver disease: a systematic
review. Hepatol Int. 2016;10(5):819-28.

Satpathy HK, Satpathy C, Donal F. HELLP syndrome. J Obstet
Gynaecol India. 2009;59(1):30—-40.

Goodwin TM. Nausea and vomiting of pregnancy: an obstet-
ric syndrome. Am J Obstet Gynecol. 2002;186(5 Suppl
Understanding):S184-9.

Schiff MA, Reed SD, Daling JR. The sex ratio of pregnancies com-
plicated by hospitalisation for hyperemesis gravidarum. BJOG.
2004;111(1):27-30.

Weigel MM, Weigel RM. The association of reproductive history,
demographic factors, and alcohol and tobacco consumption with
the risk of developing nausea and vomiting in early pregnancy. Am
J Epidemiol. 1988;127(3):562-70.

Vikanes A, Skjaerven R, Grjibovski AM, Gunnes N, Vangen S,
Magnus P. Recurrence of hyperemesis gravidarum across genera-
tions: population based cohort study. BMJ. 2010;340:¢2050.
Vikanes A, Grjibovski AM, Vangen S, Gunnes N, Samuelsen SO,
Magnus P. Maternal body composition, smoking, and hyperemesis
gravidarum. Ann Epidemiol. 2010;20(8):592-8.

Zhang Y, Cantor RM, MacGibbon K, Romero R, Goodwin TM,
Mullin PM, et al. Familial aggregation of hyperemesis gravidarum.
Am J Obstet Gynecol. 2011;204(3):230.e1-7.

Fejzo MS, Ingles SA, Wilson M, Wang W, MacGibbon K,
Romero R, et al. High prevalence of severe nausea and vomit-
ing of pregnancy and hyperemesis gravidarum among relatives
of affected individuals. Eur J Obstet Gynecol Reprod Biol.
2008;141(1):13-7.

Goodwin TM, Poursharif B, Korst LM, MacGibbon KW, Romero
R, Fejzo MS. Secular trends in the treatment of hyperemesis gravi-
darum. Am J Perinatol. 2008;25(3):141-7.

Poursharif B, Korst LM, Fejzo MS, MacGibbon KW, Romero R,
Goodwin TM. The psychosocial burden of hyperemesis gravi-
darum. J Perinatol. 2008;28(3):176-81.



33

The Pathogenesis of Liver Diseases in Pregnancy

549

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Outlaw WM, Ibdah JA. Impaired fatty acid oxidation as a cause
of liver disease associated with hyperemesis gravidarum. Med
Hypotheses. 2005;65(6):1150-3.

Corey LA, Berg K, Solaas MH, Nance WE. The epidemiology of
pregnancy complications and outcome in a Norwegian twin popula-
tion. Obstet Gynecol. 1992;80(6):989-94.

Veenendaal MV, van Abeelen AF, Painter RC, van der Post
JA, Roseboom TIJ. Consequences of hyperemesis gravidarum
for offspring: a systematic review and meta-analysis. BJOG.
2011;118(11):1302-13.

Abell TL, Riely CA. Hyperemesis gravidarum. Gastroenterol Clin
N Am. 1992;21(4):835-49.

Larrey D, Rueff B, Feldmann G, Degott C, Danan G, Benhamou
JP. Recurrent jaundice caused by recurrent hyperemesis gravi-
darum. Gut. 1984;25(12):1414-5.

Kimura M, Amino N, Tamaki H, Ito E, Mitsuda N, Miyai K, et al.
Gestational thyrotoxicosis and hyperemesis gravidarum: possible
role of hCG with higher stimulating activity. Clin Endocrinol.
1993;38(4):345-50.

Goodwin TM. Hyperemesis gravidarum. Obstet Gynecol Clin N
Am. 2008;35(3):401-17, viii.

Niemeijer MN, Grooten 1J, Vos N, Bais JM, van der Post JA,
Mol BW, et al. Diagnostic markers for hyperemesis gravidarum:
a systematic review and metaanalysis. Am J Obstet Gynecol.
2014;211(2):150.e1-15.

Knox TA, Olans LB. Liver disease in pregnancy. N Engl J Med.
1996;335(8):569-76.

Lee NM, Saha S. Nausea and vomiting of pregnancy. Gastroenterol
Clin N Am. 2011;40(2):309-34, vii.

Fejzo MS, Trovik J, Grooten 1J, Sridharan K, Roseboom TJ,
Vikanes A, et al. Nausea and vomiting of pregnancy and hypereme-
sis gravidarum. Nat Rev Dis Primers. 2019;5(1):62.

Fejzo MS, Fasching PA, Schneider MO, Schwitulla J, Beckmann
MW, Schwenke E, et al. Analysis of GDF15 and IGFBP7 in hyper-
emesis gravidarum support causality. Geburtshilfe Frauenheilkd.
2019;79(4):382-8.

Geenes V, Williamson C. Intrahepatic cholestasis of pregnancy.
World J Gastroenterol. 2009;15(17):2049-66.

Reyes H, Gonzalez MC, Ribalta J, Aburto H, Matus C, Schramm G,
et al. Prevalence of intrahepatic cholestasis of pregnancy in Chile.
Ann Intern Med. 1978;88(4):487-93.

Laifer SA, Stiller RJ, Siddiqui DS, Dunston-Boone G, Whetham
JC. Ursodeoxycholic acid for the treatment of intrahepatic cholesta-
sis of pregnancy. ] Matern Fetal Med. 2001;10(2):131-5.

Lee RH, Goodwin TM, Greenspoon J, Incerpi M. The prevalence
of intrahepatic cholestasis of pregnancy in a primarily Latina Los
Angeles population. J Perinatol. 2006;26(9):527-32.

Floreani A, Gervasi MT. New insights on intrahepatic cholestasis of
pregnancy. Clin Liver Dis. 2016;20(1):177-89.

Parizek A, Duskova M, Vitek L, Sramkova M, Hill M, Adamcova
K, et al. The role of steroid hormones in the development of intra-
hepatic cholestasis of pregnancy. Physiol Res. 2015;64(Suppl
2):5203-9.

Gonzalez MC, Reyes H, Arrese M, Figueroa D, Lorca B, Andresen
M, et al. Intrahepatic cholestasis of pregnancy in twin pregnancies.
J Hepatol. 1989;9(1):84-90.

Savander M, Ropponen A, Avela K, Weerasekera N, Cormand B,
Hirvioja ML, et al. Genetic evidence of heterogeneity in intrahe-
patic cholestasis of pregnancy. Gut. 2003;52(7):1025-9.

Chappell LC, Bell JL, Smith A, Linsell L, Juszczak E, Dixon PH,
et al. Ursodeoxycholic acid versus placebo in women with intra-
hepatic cholestasis of pregnancy (PITCHES): a randomised con-
trolled trial. Lancet. 2019;394(10201):849-60.

Hammoud GM, Ibdah JA. Preeclampsia-induced liver dysfunction,
HELLP syndrome, and acute fatty liver of pregnancy. Clin Liver
Dis (Hoboken). 2014;4(3):69-73.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Zhang J, Meikle S, Trumble A. Severe maternal morbidity associ-
ated with hypertensive disorders in pregnancy in the United States.
Hypertens Pregnancy. 2003;22(2):203-12.

Sibai BM, Caritis SN, Thom E, Klebanoff M, McNellis D, Rocco
L, et al. Prevention of preeclampsia with low-dose aspirin in
healthy, nulliparous pregnant women. The National Institute of
Child Health and Human Development Network of Maternal-Fetal
Medicine Units. N Engl J Med. 1993;329(17):1213-8.

Hnat MD, Sibai BM, Caritis S, Hauth J, Lindheimer MD,
MacPherson C, et al. Perinatal outcome in women with recurrent
preeclampsia compared with women who develop preeclampsia as
nulliparas. Am J Obstet Gynecol. 2002;186(3):422-6.

Zhou Y, Damsky CH, Fisher SJ. Preeclampsia is associated with
failure of human cytotrophoblasts to mimic a vascular adhesion
phenotype. One cause of defective endovascular invasion in this
syndrome? J Clin Invest. 1997;99(9):2152—-64.

Zhou Y, Fisher SJ, Janatpour M, Genbacev O, Dejana E, Wheelock
M, et al. Human cytotrophoblasts adopt a vascular phenotype as
they differentiate. A strategy for successful endovascular invasion?
J Clin Invest. 1997;99(9):2139-51.

Roberts JM, Redman CW. Pre-eclampsia: more than pregnancy-
induced hypertension. Lancet. 1993;341(8858):1447-51.

Meekins JW, Pijnenborg R, Hanssens M, McFadyen IR, van Asshe
A. A study of placental bed spiral arteries and trophoblast inva-
sion in normal and severe pre-eclamptic pregnancies. Br J Obstet
Gynaecol. 1994;101(8):669-74.

Zhou 'Y, Damsky CH, Chiu K, Roberts JM, Fisher SJ. Preeclampsia
is associated with abnormal expression of adhesion molecules by
invasive cytotrophoblasts. J Clin Invest. 1993;91(3):950-60.

Zhou Y, Gormley MJ, Hunkapiller NM, Kapidzic M, Stolyarov Y,
Feng V, et al. Reversal of gene dysregulation in cultured cytotro-
phoblasts reveals possible causes of preeclampsia. J Clin Invest.
2013;123(7):2862-72.

Deepak V, Sahu MB, Yu J, Jones JW, Kane MA, Taylor RN, et al.
Retinoic acid is a negative regulator of sFLT1 expression in decid-
ual stromal cells, and its levels are reduced in preeclamptic decidua.
Hypertension. 2019;73(5):1104—11.

Sahu MB, Deepak V, Gonzales SK, Rimawi B, Watkins KK, Smith
AK, et al. Decidual cells from women with preeclampsia exhibit
inadequate decidualization and reduced sFLT1 suppression.
Pregnancy Hypertens. 2019;15:64-71.

Saftlas AF, Beydoun H, Triche E. Immunogenetic determinants of
preeclampsia and related pregnancy disorders: a systematic review.
Obstet Gynecol. 2005;106(1):162-72.

Xia Y, Wen H, Bobst S, Day MC, Kellems RE. Maternal auto-
antibodies from preeclamptic patients activate angiotensin
receptors on human trophoblast cells. J Soc Gynecol Investig.
2003;10(2):82-93.

Dechend R, Muller DN, Wallukat G, Homuth V, Krause M,
Dudenhausen J, et al. AT1 receptor agonistic antibodies, hyperten-
sion, and preeclampsia. Semin Nephrol. 2004;24(6):571-9.
Davison JM, Homuth V, Jeyabalan A, Conrad KP, Karumanchi SA,
Quaggin S, et al. New aspects in the pathophysiology of preeclamp-
sia. ] Am Soc Nephrol. 2004;15(9):2440-8.

Dechend R, Homuth V, Wallukat G, Kreuzer J, Park JK, Theuer
J, et al. AT(1) receptor agonistic antibodies from preeclamptic
patients cause vascular cells to express tissue factor. Circulation.
2000;101(20):2382-7.

Lynch AM, Murphy JR, Byers T, Gibbs RS, Neville MC, Giclas
PC, et al. Alternative complement pathway activation fragment
Bb in early pregnancy as a predictor of preeclampsia. Am J Obstet
Gynecol. 2008;198(4):385.e1-9.

Alrahmani L, Willrich MAV. The complement alternative pathway
and preeclampsia. Curr Hypertens Rep. 2018;20(5):40.

Sutton EF, Gemmel M, Powers RW. Nitric oxide signaling in preg-
nancy and preeclampsia. Nitric Oxide. 2020;95:55-62.



550

C.Chang

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Rajakumar A, Cerdeira AS, Rana S, Zsengeller Z, Edmunds L,
Jeyabalan A, et al. Transcriptionally active syncytial aggregates
in the maternal circulation may contribute to circulating solu-
ble fms-like tyrosine kinase 1 in preeclampsia. Hypertension.
2012;59(2):256-64.

Tannetta DS, Dragovic RA, Gardiner C, Redman CW, Sargent
IL. Characterisation of syncytiotrophoblast vesicles in normal
pregnancy and pre-eclampsia: expression of FLT-1 and endoglin.
PLoS One. 2013;8(2):e56754.

Redman CW, Sargent IL. Latest advances in understanding pre-
eclampsia. Science. 2005;308(5728):1592—-4.

Germain SJ, Sacks GP, Sooranna SR, Sargent IL, Redman
CW. Systemic inflammatory priming in normal pregnancy and
preeclampsia: the role of circulating syncytiotrophoblast mic-
roparticles. J Immunol. 2007;178(9):5949-56.

McGinnis R, Steinthorsdottir V, Williams NO, Thorleifsson G,
Shooter S, Hjartardottir S, et al. Variants in the fetal genome
near FLT1 are associated with risk of preeclampsia. Nat Genet.
2017:49(8):1255-60.

Lachmeijer AM, Arngrimsson R, Bastiaans EJ, Frigge ML, Pals
G, Sigurdardottir S, et al. A genome-wide scan for preeclampsia
in the Netherlands. Eur ] Hum Genet. 2001;9(10):758-64.

Zhao L, Bracken MB, Dewan AT, Chen S. Association
between the SERPINE1 (PAI-1) 4G/5G insertion/deletion
promoter polymorphism (rs1799889) and pre-eclampsia:
a systematic review and meta-analysis. Mol Hum Reprod.
2013;19(3):136-43.

Giannakou K, Evangelou E, Papatheodorou SI. Genetic and
non-genetic risk factors for pre-eclampsia: umbrella review of
systematic reviews and meta-analyses of observational studies.
Ultrasound Obstet Gynecol. 2018;51(6):720-30.

Maynard SE, Min JY, Merchan J, Lim KH, Li J, Mondal S, et al.
Excess placental soluble fms-like tyrosine kinase 1 (sFLT1) may
contribute to endothelial dysfunction, hypertension, and protein-
uria in preeclampsia. J Clin Invest. 2003;111(5):649-58.
Venkatesha S, Toporsian M, Lam C, Hanai J, Mammoto T, Kim
YM, et al. Soluble endoglin contributes to the pathogenesis of pre-
eclampsia. Nat Med. 2006;12(6):642-9.

Luft FC. Soluble endoglin (sEng) joins the soluble fms-like tyro-
sine kinase (SFLT) receptor as a pre-eclampsia molecule. Nephrol
Dial Transplant. 2006;21(11):3052—4.

Levine RJ, Lam C, Qian C, Yu KF, Maynard SE, Sachs BP, et al.
Soluble endoglin and other circulating antiangiogenic factors in
preeclampsia. N Engl J Med. 2006;355(10):992-1005.

Lin SC, Shyur SD, Huang LH, Wu JY, Chuo HT, Lee HC. Neonatal
lupus erythematosus with cholestatic hepatitis. J Microbiol
Immunol Infect. 2004;37(2):131-4.

Shahian M, Khosravi A, Anbardar MH. Early cholestasis in neo-
natal lupus erythematosus. Ann Saudi Med. 2011;31(1):80-2.
Silverman E, Jaeggi E. Non-cardiac manifestations of neonatal
lupus erythematosus. Scand J Immunol. 2010;72(3):223-5.

Kim KR, Yoon TY. A case of neonatal lupus erythemato-
sus showing transient anemia and hepatitis. Ann Dermatol.
2009;21(3):315-8.

Lynn Cheng C, Galbraith S, Holland K. Congenital lupus erythe-
matosus presenting at birth with widespread erosions, pancyto-
penia, and subsequent hepatobiliary disease. Pediatr Dermatol.
2010;27(1):109-11.

Izmirly PM, Saxena A, Kim MY, Wang D, Sahl SK, Llanos C,
et al. Maternal and fetal factors associated with mortality and mor-

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

bidity in a multi-racial/ethnic registry of anti-SSA/Ro-associated
cardiac neonatal lupus. Circulation. 2011;124(18):1927-35.
Provost TT, Watson R, Gaither KK, Harley JB. The neonatal lupus
erythematosus syndrome. J Rheumatol Suppl. 1987;14(Suppl
13):199-205.

Provost TT, Watson R, Gammon WR, Radowsky M, Harley JB,
Reichlin M. The neonatal lupus syndrome associated with UIRNP
(nRNP) antibodies. N Engl J Med. 1987;316(18):1135-8.
Brucato A, Cimaz R, Caporali R, Ramoni V, Buyon J. Pregnancy
outcomes in patients with autoimmune diseases and anti-Ro/SSA
antibodies. Clin Rev Allergy Immunol. 2011;40(1):27-41.
Stevens AM, Hermes HM, Rutledge JC, Buyon JP, Nelson
JL. Myocardial-tissue-specific phenotype of maternal micro-
chimerism in neonatal lupus congenital heart block. Lancet.
2003;362(9396):1617-23.

Meisgen S, Ostberg T, Salomonsson S, Ding B, Eliasson H,
Malarstig A, et al. The HLA locus contains novel foetal suscep-
tibility alleles for congenital heart block with significant paternal
influence. J Intern Med. 2014;275(6):640-51.

Killen SA, Buyon JP, Friedman DM. Discordant spectrum
of cardiac manifestations of neonatal lupus in twins. Lupus.
2012;21(5):559-62.

Braga AC, Vasconcelos C, Braga J. Pregnancy with autoimmune
hepatitis. Gastroenterol Hepatol Bed Bench. 2016;9(3):220-4.
Longhi MS, Hussain MJ, Kwok WW, Mieli-Vergani G, Ma Y,
Vergani D. Autoantigen-specific regulatory T cells, a potential
tool for immune-tolerance reconstitution in type-2 autoimmune
hepatitis. Hepatology. 2011;53(2):536-47.

Ferri S, Longhi MS, De Molo C, Lalanne C, Muratori P, Granito
A, et al. A multifaceted imbalance of T cells with regulatory
function characterizes type 1 autoimmune hepatitis. Hepatology.
2010;52(3):999-1007.

Longhi MS, Ma Y, Mieli-Vergani G, Vergani D. Adaptive immu-
nity in autoimmune hepatitis. Dig Dis. 2010;28(1):63-9.

Longhi MS, MaY, Mieli-Vergani G, Vergani D. Aetiopathogenesis
of autoimmune hepatitis. J Autoimmun. 2010;34(1):7-14.
Gronbaek L, Vilstrup H, Jepsen P. Editorial: severe outcomes
are rare in pregnancy in autoimmune hepatitis—Authors’ reply.
Aliment Pharmacol Ther. 2018;48(9):1018-9.

Gronbaek L, Vilstrup H, Jepsen P. Pregnancy and birth outcomes
in a Danish nationwide cohort of women with autoimmune hepa-
titis and matched population controls. Aliment Pharmacol Ther.
2018;48(6):655-63.

Westbrook RH, Yeoman AD, Kriese S, Heneghan MA. Outcomes
of pregnancy in women with autoimmune hepatitis. J Autoimmun.
2012;38(2-3):239-44.

Schramm C, Herkel J, Beuers U, Kanzler S, Galle PR, Lohse
AW. Pregnancy in autoimmune hepatitis: outcome and risk fac-
tors. Am J Gastroenterol. 2006;101(3):556-60.

Terrabuio DR, Abrantes-Lemos CP, Carrilho FJ, Cancado
EL. Follow-up of pregnant women with autoimmune hepatitis: the
disease behavior along with maternal and fetal outcomes. J Clin
Gastroenterol. 2009;43(4):350-6.

Buchel E, Van Steenbergen W, Nevens F, Fevery J. Improvement
of autoimmune hepatitis during pregnancy followed by flare-up
after delivery. Am J Gastroenterol. 2002;97(12):3160-5.

Martin JN Jr, Brewer JM, Wallace K, Sunesara I, Canizaro A,
Blake PG, et al. HELLP syndrome and composite major mater-
nal morbidity: importance of Mississippi classification system. J
Matern Fetal Neonatal Med. 2013;26(12):1201-6.



	33: The Pathogenesis of Liver Diseases in Pregnancy
	Introduction
	Physiologic Changes in the Liver During Pregnancy
	Liver Diseases Unique to Pregnancy
	Acute Fatty Liver of Pregnancy
	Pathogenesis
	HELLP Syndrome
	Criteria for the Diagnosis of HELLP Syndrome
	Histology in HELLP Syndrome
	Pathogenesis of HELLP
	Hyperemesis Gravidarum
	Pathogenesis of Hyperemesis Gravidarum
	Intrahepatic Cholestasis of Pregnancy
	Pathogenesis of Intrahepatic Cholestasis of Pregnancy
	Preeclamptic Liver Dysfunction (Preeclampsia with Severe Features)
	Pathogenesis of Preeclampsia

	Liver Diseases Not Unique to Pregnancy
	Neonatal Lupus
	Pathogenesis of Neonatal Lupus

	Patients with Preexisting Liver Disease
	Autoimmune Hepatitis and Pregnancy
	Pathogenesis of Autoimmune Hepatitis

	Conclusion
	References


