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Bullet Points

Acute fatty liver of pregnancy (AFLP) is
an uncommon, severe liver disorder
leading to liver failure in women in late
pregnancy.

AFLP is characterized by defective fatty
acid oxidation and consequent maternal
“energy failure” and accumulation of
toxic by-products.

e Urgent institution of delivery (with ade-
quate precautions) remains the corner-
stone of therapy for AFLP. Early
appropriate supportive care should be
instituted in parallel.

e The characteristic finding of AFLP in
liver biopsy (which should be performed
after delivery) is diffuse/perivenular
microvesicular hepatic steatosis.

* A high index of suspicion leading to e There is small risk of recurrence of
early diagnosis, together with early AFLP in future pregnancies.
institution of management, is imperative
for good maternal outcome in AFLP.

* Any women presenting with severe liver
dysfunction (jaundice and coagulopathy
with or without encephalopathy and/or
hypoglycemia) in late pregnancy should ) )
be suspected to have AFLP and should Acute fatty liver of pregnancy (AFLP) is an

obstetric medical emergency that can occur at

any time during pregnancy and labor. The diag-
nostic window to urgently terminate the preg-
nancy means that any delay in treatment can
translate into worsening maternal liver failure
and risk of maternal and fetal death/severe mor-
bidity. In this chapter we review some of the

33.1 Introduction

undergo appropriate evaluation.

* Diagnosis is confirmed by “Swansea”
criteria. Presumptive diagnosis does not
require liver biopsy.
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33.2 Epidemiology

A nationwide prospective population based study
conducted in the United Kingdom (UK) in 2005—
2006 estimated the incidence of AFLP to be
5/100,000 pregnancies (95% confidence interval
3.8-6.5/100,000). Twin pregnancies were at
high risk of being complicated by AFLP (of the
57 women with AFLP, 18% had twin pregnan-
cies) [1].

The predominant causes of liver dysfunction
during pregnancy may differ according to geo-
graphic location. A prospective study from Wales
in the UK noted that pregnancy-related liver dis-
eases (pre-eclampsia, the HELLP syndrome [see
details below], intrahepatic cholestasis of preg-
nancy, AFLP and hyperemesis gravidarum) are
the predominant cause of liver dysfunction in
pregnancy [2]. In contrast, in India, liver diseases
unrelated to pregnancy are the predominant cause
of liver dysfunction [3] and of liver-related mater-
nal deaths [3-5].

33.3 Pathogenesis

33.3.1 The Hibernating Bear:
A Good Analogy for AFLP
Pathogenesis

Our current understanding of the pathogenesis of
AFLP is best depicted by the analogy of a hiber-
nating bear, as explained below [6, 7] (Fig. 33.1).

Fig. 33.1 Switch to fats as primary energy source during
hibernation in bears and during late pregnancy in women
may explain pathogenesis of acute fatty liver of pregnancy

AFLP is termed a mitochondrial hepatopathy.
Ultrastructural mitochondrial alterations have
been demonstrated in patients with AFLP [8, 9].
Defective functioning of the mitochondria (the
powerhouse of the cells) in the liver leads to
energy deficiency in the liver.

Genetic predisposition: One factor predis-
posing to AFLP is the presence of an autosomal
recessive congenital defect in utilizing stored fats.

In an initial report of a woman with consecu-
tive pregnancies complicated by AFLP, maternal
liver function rapidly improved after delivery in
both pregnancies. However, both babies died by
6 months of age with fatty infiltration of several
organs. The authors suspected a familial defect
in fatty acid oxidation, which in turn predisposed
the mother to develop AFLP [10]. Subsequent
reports confirmed fetal fatty acid oxidation
defects to be associated with maternal AFLP. A
study that compared 50 children with fatty acid
oxidation disorders versus 1250 control chil-
dren (without these disorders) reported that the
risk of maternal liver diseases such as AFLP was
increased 20-fold among pregnant women with
children who themselves had fatty acid oxidation
disorders [11].

Thus, AFLP is an example of maternal mito-
chondrial hepatopathy that is linked to fetal fatty
acid oxidation disorders. Fetal fatty acid oxida-
tion disorders are autosomal recessively inher-
ited. Both the pregnant woman and her husband
can only be heterozygotes for the fatty acid oxida-
tion disorder. However, if the fetus is a compound
heterozygote or a homozygote for this disorder,
the mother is at risk for developing AFLP during
that pregnancy. On the other hand, if the fetus is
a simple heterozygote or wild type, the mother
will not have liver dysfunction during pregnancy.

Fetal fatty acid oxidation disorders linked to
AFLP and other maternal liver diseases include
defects in long-chain 3-hydroxyacyl-CoA
dehydrogenase (LCHAD) [12-15], medium-
chain 3-hydroxyacyl-CoA dehydrogenase [16],
short-chain 3-hydroxyacyl-CoA dehydrogenase
(SCHAD) [17], and carnitine palmitoyltransfer-
ase [ [18]. LCHAD deficiency is the most com-
mon fetal fatty acid oxidation disorder reported
in association with AFLP [11]. Raised hydroxy-
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acyl carnitine levels in patients with AFLP may
suggest a defect in LCHAD or mitochondrial tri-
functional protein [19].

However, pregnancies without evidence of
fatty acid oxidation defects in the mother and
baby have also been reported to be complicated
by AFLP [20]. Centers studying women with
AFLP have noted that the most prevalent LCHAD
mutation, G1528C, was absent in several women
[21, 22]. Therefore, although fetal fatty acid oxi-
dation defects may be causative in some pregnant
women with AFLP, currently there is insufficient
evidence to instigate routine screening for fatty
acid oxidation defects among all babies follow-
ing maternal AFLP [23].

33.4 Acquired Predisposition

Diffuse hepatic microvesicular steatosis is an
uncommon cause of liver failure. Reye’s syn-
drome, precipitated by ingestion of aspirin, is an
example of hepatic microvesicular steatosis and
encephalopathy associated with fatty acid oxida-
tion disorders [24]. In children and teenagers,
avoidance of aspirin has been recommended in
order to prevent the occurrence of Reye’s syn-
drome in predisposed individuals. However, aspi-
rin is commonly prescribed for preventing
complications related to pre-eclampsia during
pregnancy [25]. It has been hypothesized that
non-steroidal anti inflammatory drugs (NSAIDs),
including aspirin, can inhibit both the LCHAD
enzyme and fatty acid oxidation during preg-
nancy, thus predisposing to AFLP [26]. Although
an association between treatment with aspirin and
the occurrence of AFLP has been reported in
pregnancy [17, 27], this is uncommon and may be
a chance association rather than a causative one.

33.5 Placental Pathogenesis

The dramatic postpartum improvement observed
in maternal liver function raises questions regard-
ing placental involvement in AFLP pathogenesis
[28]. The placenta has the same genetic composi-
tion as the fetus, and LCHAD and SCHAD

enzymes are both active in the human placenta.
The activity of these enzymes inversely corre-
lates with maternal gestational age in the second
and third trimesters of pregnancy [29]. A rat
model of valproate-induced hepatic microvesicu-
lar steatosis showed defective mitochondrial fatty
acid oxidation and increased peroxisomal and
microsomal oxidation in the liver [30]. Both the
placenta and the serum of AFLP mothers show
oxidant and nitrosative stress (in placental mito-
chondria and peroxisomes and in serum) com-
pared to controls. Mitochondrial function was
affected in the placentas of AFLP mothers.
Raised arachidonic acid levels were seen in the
placenta and serum of AFLP mothers. Such high
arachidonic acid levels have been shown to
induce oxidative stress and apoptosis in mito-
chondria and lipid deposition in hepatocytes
grown in culture [31].

33.6 Timing of AFLP Manifestation:
Why Does AFLP Manifest
in Late Pregnancy?

An adult bear hibernates for about 3 months of
the year, during which time the bear utilizes
about 4000 kcal of energy each day. During
hibernation, the bear eats no food and subsists on
endogenous energy (fat) stores [6]. If a hypotheti-
cal bear had a defect in metabolizing fats or uti-
lizing fat stores for energy needs, it would be
expected to become sick during hibernation due
to systemic energy depletion. Such problems in
this hypothetical bear may occur due either to a
genetic predisposition, to an acquired cause
affecting fat metabolism, or both [32].

In the well-nourished non-obstetric popula-
tion, the primary energy source after each meal
(the subsequent 2—4 h) is glucose. Conversely,
during late pregnancy, lipids are used as the
maternal energy source, while glucose and amino
acids are channeled to the fetus. The pregnant
woman shares carbohydrates (her primary energy
source in the nonpregnant state) with the fetus
during her pregnancy. This dependence on fats
as the primary energy source in pregnant women
increases towards the latter part of pregnancy
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[7]. Thus, using the analogy of the hibernating
bear described above, late pregnancy forms the
setting for the clinical manifestation of AFLP
among pregnant woman with defective fatty acid
oxidation.

33.7 Manifestations

The typical presentation of AFLP is a previously
healthy woman presenting in the third trimester
of pregnancy with a general description of “feel-
ing unwell” and vomiting for the past 4 h.
However, some pregnant women may present
with signs and symptoms that overlap with pre-
eclampsia (hypertension, pedal edema, protein-
uria) together with liver dysfunction or hemolysis,
elevated liver enzymes, and low platelets (HELLP
syndrome). Liver function tests may show a
mild-to-moderate  rise in  AST  and
ALT. Coagulopathy (prolongation of prothrom-
bin time) is seen in almost all these patients.
Hypoglycemia and encephalopathy are more
rarely seen, as these are late manifestations of
severe liver failure.

33.8 Diagnosis

A high index of suspicion is key in making an
early diagnosis of AFLP. For a pregnant woman
suspected to have AFLP, it is vital to rapidly
exclude other potential causes of liver disease, as
urgent termination of pregnancy may be required.
Any woman with acute liver failure in late preg-
nancy (third or late second trimester) should
therefore be suspected to be suffering from
AFLP. Rapid diagnosis of AFLP and urgent ter-
mination of pregnancy have improved maternal
survival. A recent UK study of 57 women with
AFLP reported a case fatality rate of 1.8% and a
perinatal mortality rate of 104/1000 births [1].
Once suspicion of AFLP has been raised, it is
imperative to rapidly rule out common alterna-
tive differential diagnoses. The differential diag-
noses to consider are either pregnancy-related
liver disorders (HELLP syndrome and pre-
eclamptic liver dysfunction) or other illnesses

causing acute liver failure unrelated to pregnancy
(e.g., acute viral hepatitis or drug-induced hepa-
titis). Since the infectious causes of acute liver
failure that may mimic AFLP are varied (e.g.
malaria, dengue, scrub typhus, viral hepatitis),
diagnostic testing should be individualized, tak-
ing into consideration the epidemiology of the
specific locale. Peripheral smear examination for
the malaria parasite and serology for acute viral
hepatitis A, B, and E are examples of tests that
should be considered for diagnosing hepatic ill-
nesses unrelated to pregnancy.

HELLP syndrome (presence of hemolysis-
raised lactate dehydrogenase, elevation in aspar-
tate aminotransferase, and thrombocytopenia)
and pre-eclampsia (hypertension and proteinuria
after 20 weeks of pregnancy) also constitute dif-
ferential diagnoses. Although in theory these con-
ditions should be simple to diagnose if the signs
and symptoms are acknowledged, AFLP patients
can often also be misclassified as suffering from
HELLP syndrome or pre-eclamptic liver dys-
function. It is therefore difficult to differentiate
between these disorders in an emergency setting.

The Swansea clinical criteria for diagnosing
AFLP are comprised of 14 criteria including
symptoms, laboratory parameters, and radiol-
ogy and liver biopsy findings [2]. However, most
pregnant women with AFLP have coagulopathy
and thrombocytopenia (often severe), making it
risky to perform a liver biopsy. In addition, the
time taken to organize, obtain, and interpret a
liver biopsy will delay initiation of management
in these critically ill patients. Thus, although a
liver biopsy showing microvesicular steatosis
is the “gold standard” for diagnosis of AFLP, it
is neither warranted nor necessary in the ante-
partum state. The authors of this chapter have
studied the accuracy of the Swansea clinical
criteria to predict diffuse hepatic microvesicular
steatosis in pregnant women suspected to have
AFLP who did undergo liver biopsy (postpartum
or postmortem) [32]. Due to coexistent coagulop-
athy, most of the liver biopsies were performed
via the transjugular route. Among 24 pregnant
women with suspected AFLP, the negative pre-
dictive value for ruling out the presence of dif-
fuse/perivenular microvesicular steatosis of the
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liver was 100% using the Swansea clinical criteria
[33]. Thus, these clinical criteria are appropriate
for diagnosing AFLP in pregnant women. Based
on these data, simplified criteria for diagnosing
AFLP are proposed. These include (1) the setting
of late pregnancy (third or late second trimester
of pregnancy); (2) acute liver failure, jaundice
with coagulopathy with/without hypoglycemia
with/without encephalopathy; and (3) no other
explanation for liver failure [34]. Once these
simplified criteria are met, the woman should be
considered suspect for AFLP and therefore at risk
for rapid deterioration. Appropriate management
should be rapidly initiated, preferably in an inten-
sive care/high-dependency setting. Supporting
this conservative approach is the fact that regard-
less of whether the cause of liver failure is AFLP,
HELLP syndrome, or pre-eclamptic liver dys-
function, the management of liver dysfunction in
all three conditions is essentially similar.

33.9 Management of AFLP
(Fig. 33.2)

The managment of any woman presenting with
jaundice in late pregnancy should be guided by
the option that AFLP is the underlying disease.

[Jaundice in 2nd and 3rd trimester of pregnancy]

Coagulopathy; i.e elevated prothrombin time
(xEncephalopathy +Hypoglycemia)

Rapid clinical and laboratory evaluation to
expeditiously rule out other causes of acute
liver failure (geographic locality specific)

AFLP is a possibility

-

. Ensure urgent delivery (Caesarean section is often
preferred)

Adequate blood and product support (especially prior to
delivery)

. Anticipate hypoglycemia

. Broad spectrum antibiotic prophylaxis

. Anticipate and adequately manage complications

INEAEEN

(&)

Fig. 33.2 Management algorithm for any woman pre-
senting with jaundice in late pregnancy

The recommended management therefore

includes the following steps:

1. Consider AFLP in the differential diagnosis.
Quickly rule out alternative diagnoses which
may present similarly, using suitable diagnos-
tics as described above.

2. Ensure the availability of a multidisciplinary
team, as more than one medical discipline is
needed to manage pregnant women with
AFLP. Some of these women are likely to
need intensive care therapy and may require
referral to a specialist liver unit.

3. Absence of specific symptomatology and pau-
city of laboratory indices make early diagno-
sis of AFLP difficult, and the mother can be
sicker than expected. These patients can
potentially develop multi-organ failure with
or without sepsis and are likely to need aggres-
sive management including ventilation, hemo-
dynamic support, and dialysis. There should
be a low threshold to admitting these mothers
to high-dependency or intensive care units for
close monitoring. Mothers can also be admit-
ted to the ICU for stabilization and rapid treat-
ment of coagulation abnormalities prior to
termination of pregnancy.

4. Urgent delivery is the mainstay of current
treatment. It is highly recommended that the
patient undergo delivery as soon as feasible
(see also the discussion below). AFLP can
rapidly worsen (within hours), and there are
no reports to date of any AFLP patient surviv-
ing without delivery.

5. The pregnant woman with AFLP needs appro-
priate management of the various complica-
tions likely to arise as a result of the disease.
The standard recommendations for manage-
ment of acute liver failure complications (e.g.,
mannitol for cerebral edema, etc.) remain the
same and should be instituted as and when
required. See below for greater detail on treat-
ment of complications.

6. Following delivery, the neonate may need to
be observed and treated in a neonatal intensive
care or high-dependency care unit. We have
proposed a management algorithm for patients
with suspected AFLP (Fig. 33.2) [5].
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33.10 Delivery Considerations

AFLP is a rapidly progressing illness. Poor
maternal and fetal outcomes are to be expected if
interventions are not performed early. As men-
tioned previously, in all cases of AFLP, it is of
paramount importance to terminate the preg-
nancy at the earliest possible time. The medical
team may be daunted by the prospect of under-
taking cesarean delivery in a pregnant woman
with AFLP in acute liver failure and coagulopa-
thy, hence the importance of rapid workup and
decision-making. As the disease is characterized
by temporary shutdown of the liver mitochon-
dria, opting for vaginal delivery in a pregnant
women with AFLP can be considered equivalent
to making a person who is in systemic energy
deficiency run a marathon and should be expected
to aggravate the systemic energy deficiency, lead-
ing to even more rapid patient deterioration.

A meta-analysis of 78 cohort and 2 case-
control studies compared outcomes of cesarean
versus vaginal delivery in pregnant women with
AFLP. Maternal mortality was reduced 44% with
cesarean delivery (relative risk [RR], 0.56 [0.41—
0.76]) compared to vaginal delivery, as was the
perinatal mortality rate (RR, 0.52 [0.38-0.71]).
Maternal morbidity, including complications
of liver failure (ascites, encephalopathy, etc.),
renal failure, multiple organ failure, infection,
or hemorrhage, was not significantly different in
women who had cesarean versus vaginal deliv-
ery. Neonatal mortality rates (within 1 month
after delivery) were unaffected by type of deliv-
ery (cesarean versus vaginal) (pooled RR, 0.93
[0.55-1.58]); Table 33.1 [35].

Table 33.1 The outcomes of cesarean versus vaginal
delivery in pregnant women with AFLP—based on data
from Wang et al. [35]

Total

Total number Pooled unadjusted

number of | of women | relative risk

studies included (95% CI)
Maternal |39 517 0.56 (0.41-0.76)
death
Perinatal | 31 402 0.52 (0.38-0.71)
death
Neonatal | 19 263 0.93 (0.55-1.58)
death

Preparations for cesarean delivery in a preg-
nant woman with AFLP should parallel those for
liver transplantation in a patient with acute liver
failure. This requires a multidisciplinary and
comprehensive approach.

Antibiotic coverage—Following diagnosis,
blood should be sampled for cultures. and broad-
spectrum prophylactic intravenous antibiotics,
especially those covering gram-negative organ-
isms, should be administered.

Correction of coagulation abnormalities—
Sufficient blood products need to be prepared,
and coagulation abnormalities should be cor-
rected prior to delivery. As it is very difficult to
fully normalize coagulation parameters, fresh
frozen plasma and cryoprecipitate may be admin-
istered based on patient weight while preparing
for an urgent delivery. Repeated coagulation
parameter testing should not delay delivery.

Preparation  for massive hemorrhage—
Among six pregnant women with AFLP who
underwent urgent termination of pregnancy, the
median (range) of packed red cell units trans-
fused was 6.5 (1-27) and of other blood products
was 60 units (24—108). All but one woman under-
went cesarean delivery, and two also underwent
prophylactic bilateral uterine artery ligation. One
woman required hysterectomy 2 days after deliv-
ery to control postpartum hemorrhage [36].

As massive transfusion is likely during cesar-
ean delivery in these women, preparations should
include preparation of an adequate amount of
blood products, calcium and magnesium, as well
as those items required for correction of hypo-
thermia. Disseminated intravascular coagula-
tion may occur with massive transfusion. In the
presence of liver dysfunction, these mothers are
also prone to citrate toxicity due to blood trans-
fusions, leading to or exacerbating metabolic
acidosis, hypocalcemia, and hypomagnesemia;
these can lead to myocardial depression and car-
diac arrhythmias. High levels of lactate can also
chelate calcium which worsens hypocalcemia.
Large-volume rapid transfusion can lead to hypo-
thermia and dilutional coagulopathy. In addition
to blood product supplementation, the correction
of hypothermia, metabolic acidosis, and hypocal-
cemia are important cornerstones in the manage-
ment of coagulopathy.
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The use of viscoelastic global assessment of
clotting parameters (e.g., thromboelastography)
has not been well studied in pregnant women
with AFLP but can guide transfusion policy intra-
operatively. Postdelivery blood product support
is limited to women with active bleeding or those
who require additional invasive procedures.

Factor VIla is a universal procoagulant manu-
factured using recombinant technology which has
been used in various clinical settings. Although
its use in postpartum hemorrhage is currently off-
label due to reports of an increased risk of throm-
boembolic complications, it is still being used in
some countries to control massive obstetric hem-
orrhage [37]. This practice is yielding a growing
body of literature on the topic. One study demon-
strated a significant reduction in blood and blood
product requirements among postpartum women
with AFLP with no thromboembolic complica-
tions, provided that the dose used was less than
half that recommended (<45 pg/kg instead of
90 pg/kg) [36]. This short-acting procoagulant
may therefore be considered in AFLP patients
and is increasingly being used to control postpar-
tum hemorrhage in this population [38].

33.10.1 Intensive Care Treatment
The complications of AFLP may be life-
threatening, and many of the complications
observed in pregnant women with AFLP require
intensive care treatment and monitoring. Some of
those most commonly seen are hereby described.
Hemorrhagic complications—Coagulopathy
due to liver dysfunction and disseminated coagu-
lopathy can lead to life-threatening hemorrhage
before, during, and after delivery. Severe peri-
and postpartum hemorrhage, intra-abdominal
bleeding, and gastrointestinal bleeding have all
been described [39, 40]. Coagulopathy should
therefore be monitored using prothrombin time,
international normalized ratio (INR), activated
partial thromboplastin time, fibrinogen, and
fibrin degradation products; abnormalities should
be corrected if necessary. As noted above, throm-
boelastography may be used to guide blood prod-
uct supplementation.

Similar to the peripartum scenario, should
hemorrhage occur, a massive transfusion proto-
col may need to be activated as a large amount of
both blood and blood products may be required.
Pancreatitis complicating AFLP may present as
hemorrhagic pancreatitis secondary to the coagu-
lopathy [40]. Serum amylase and lipase should
therefore be monitored. In general, diagnosis may
be difficult in women with altered sensorium.

Hemodynamic instability—Shock may be
caused by hypovolemia, bleeding, loss of intravas-
cular volume due to hypoalbuminemia, myocar-
dial depression secondary to metabolic acidosis,
electrolyte abnormalities (e.g., hyperkalemia), or
sepsis. The use of bedside ultrasonography and
echocardiography will help in guiding fluid and
inotropic therapy. The choice of resuscitation
fluids should be guided by the characteristics of
the individual case. Of note, excessive crystalloid
use in the presence of hypoalbuminemia (which
lowers plasma oncotic pressure) can worsen asci-
tes and peripheral edema and can precipitate or
worsen respiratory failure. Albumin may there-
fore be a better choice for volume resuscitation
in these pregnant women.

Renal failure—Renal failure is common in
AFLP and can be secondary to shock, hepatore-
nal syndrome (altered flow dynamics), sepsis,
hyperuricemia, and abdominal compartment
syndrome [41]. Abdominal compartment syn-
drome is caused by ascites secondary to hypo-
proteinemia with low plasma oncotic pressure
and portal hypertension. Abdominal paracentesis
may be necessary to decrease intra-abdominal
pressure. Treatment of renal failure is targeted at
the etiology. Renal replacement therapy may also
be required (see also Chap. 31). However, renal
replacement therapy can be complicated by the
presence of coagulopathy. Therefore, decisions
regarding access port insertion should be indi-
vidualized. Continuous renal replacement ther-
apy (CRRT) (see Chap. 31) may provide a more
favorable hemodynamic profile and better fluid
balance. Intermittent therapies [slow low effi-
ciency dialysis (SLED) or extended daily dialy-
sis (EDD)] are alternatives to consider if cost is a
constraining factor. Given the coagulation abnor-
malities accompanying AFLP, citrate is preferred
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for anticoagulation. However, citrate intoxication
should be anticipated.

Metabolic  complications—The metabolic
complications seen with AFLP stem from both
the liver failure itself and from the treatment.
Metabolic complications include metabolic acido-
sis, lactic acidosis, and hypoglycemia. Metabolic
acidosis may need renal replacement therapy
(RRT). Lactic acidosis may not respond to RRT
and usually settles once the liver dysfunction
improves. Supplementation of thiamine should
be considered in these patients. Hypoglycemia is
frequent, demanding close monitoring and glu-
cose supplementation as required.

Electrolyte imbalance can be life-threatening.
Common electrolyte imbalances are hyperkale-
mia, hypocalcemia, and hypomagnesemia. The
causes of hyperkalemia include metabolic aci-
dosis, renal failure, and multiple blood transfu-
sions. Medical management with beta-2 agonists
and glucose insulin infusions may be attempted,
but RRT may have to be instituted. Sodium levels
as well need to be monitored closely as they can
complicate encephalopathy.

Encephalopathy is a common metabolic com-
plication of any liver disease. Encephalopathy
may require airway protection with endotracheal
intubation. Ventilation should be used to control
intracranial pressure (via arterial carbon dioxide
pressures) and prevent hypoxemia. The cerebral
edema associated with hyperammonemia should
be treated with routine measures (see chapter
Bilotta). As ammonia is highly diffusible and its
clearance is dependent on flow, high-flow CRRT
and intermittent hemodialysis can also be used to
decrease ammonia levels in extreme cases.

Infection and sepsis—Like other types of liver
failure, AFLP is accompanied by immune sup-
pression. Secondary infections may occur, and
even fungal infections have been described [42].
Pregnant women with AFLP can develop sepsis
and septic shock [43, 44]. Given the pre-existing
predisposition to multi-organ dysfunction in
AFLP, diagnosis should be prompt, and appropri-
ate antibiotic therapy should rapidly be instituted
to prevent additional deterioration.

Nutrition—Provision of nutrition is important
in these mothers. Enteral feeding should include

a minimal amount of proteins (to prevent the
accompanying rise in ammonia levels). If paren-
teral nutrition is required, aromatic amino acids
should be avoided, and branched chain amino
acids should instead be provided for the same
reason.

Direct treatment of AFLP with plasma
exchange—Plasma exchange has been described
in women with AFLP after delivery as an adjunct
to treatment of multi-organ failure. Case reports
suggest that plasma exchange is safe and effective
in these women [45-49]. A retrospective analysis
of 22 AFLP patients demonstrated a 19% ver-
sus 83% survival rate in 16 AFLP patients with
standard medical therapy versus 6 AFLP patients
with plasma exchange and perfusion as added
therapy. The authors suggested that early initia-
tion of plasma exchange and perfusion had a role
in halting or reversing the progression of AFLP
[50]. As AFLP is uncommon, randomized con-
trolled trials on plasma exchange in this popula-
tion do not exist, and most case series are rather
small. It is difficult to derive meaningful conclu-
sions from the existing literature; hence, plasma
exchange currently remains a salvage treatment
at most.

Liver rupture and liver transplant—Rupture
of liver can be a fatal complication of AFLP and
has been described in several cases [41].

There are very few reports of liver transplan-
tation in AFLP [51-53]. Hence, specific listing
criteria/indications for liver transplantation for
AFLP have not been defined. Women undergo-
ing liver transplantation were usually those in
whom the diagnosis and treatment of AFLP were
delayed. In this medical emergency, a delay of
a few hours can translate to worsening maternal
liver failure and its attendant complications. In a
report of four AFLP patients who had liver trans-
plantation, the King’s College criteria for liver
transplantation (used for any patient with acute
liver failure) were considered inadequate for pre-
dicting the need for liver transplantation in AFLP
[53]. The authors noted that the combination of
hyperlactatemia and encephalopathy was a bet-
ter predictor of the need for liver transplantation
[53]. Auxiliary liver transplantation may be con-
sidered in AFLP patients [52].
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33.11 Outcomes: Maternal
and Fetal

Maternal Outcomes—Pregnant women with
AFLP are expected to show rapid improvement
(often within a few days) after delivery. Liver
function tends to revert back to normal in most
of these women [54]. In addition to delays in
delivery, the severity of liver failure (high
serum bilirubin, prolonged prothrombin time)
and high serum creatinine determine the prog-
nosis in these women [55-57]. With rapid diag-
nosis and urgent delivery, the authors of this
chapter have noted a steady decline in the con-
tribution of AFLP (and other pregnancy-related
liver disorders) to maternal mortality in their
practice [5]. Similar results have been repli-
cated across various studies [1, 58], and the
maternal mortality due to pregnancy-related
severe liver disorders (including AFLP) is now
expected to be <10% [23].

Increased awareness of AFLP among obste-
tricians as well as emergency/acute medicine
physicians has led to early recognition of AFLP
at medical centers with subsequently improving
maternal outcomes. A woman suspected to have
AFLP is categorized as “high risk.” This leads
to institution of a management protocol derived
in consultation with the different specialties
involved. In an audit of the treatment of woman
with biopsy-proven AFLP (n = 17), nine under-
went cesarean delivery, and most (n = 12) women
delivered within 24 h of hospital admission. The
median delay between the onset of symptoms to
delivery was 5 days. With this active manage-
ment, only two (12%) mothers died. The aver-
age length of stay in hospital in these women
was 11 + 4 days, and 18 + 15 blood products
were required per patient. The 15 women who
survived showed a steady improvement in liver
dysfunction with a normalization in coagulopa-
thy in the majority by the 10th day postpartum
(authors’ unpublished data).

Fetal Outcomes—Stillbirths and abortion
are more common in mothers with AFLP [23].
Fetal outcomes remain dismal, despite the steady
improvement in maternal outcome. Ensuring an

adequate supply of glucose to the fetus by pro-
viding sufficient and appropriate nutrition to the
mother is currently the only suggestion that may
be made to positively affect fetal outcome.

The neonatal presentation of fatty acid oxi-
dation disorders includes hypoketotic hypogly-
cemia [14], hepatic failure, metabolic acidosis,
and cardiomyopathy. Later presentations include
episodic myopathy, neuropathy, retinopathy, and
arrhythmias. Growth restriction and premature
births occur in babies with fatty acid oxidation
defects delivered by mothers who had AFLP [59].

33.12 Conclusion

Acute fatty liver of pregnancy (AFLP) is an
uncommon, severe liver disorder leading to liver
failure in women in late pregnancy. Increasingly,
it is being recognized as an important preventable
cause of maternal death.

Better understanding of pathogenesis, early
diagnosis followed by rapid delivery of the fetus,
and better supportive multi-disciplinary intensive
management have led to improvement in mater-
nal mortality secondary to AFLP.

Ensuring an adequate supply of glucose to the
mother, and hence to the fetus, may improve the
hitherto dismal fetal outcome.

Acknowledgment We wish to thank Ms. Silvia for the
artwork.

References

1. Knight M, Nelson-Piercy C, Kurinczuk JJ, Spark P,
Brocklehurst P, UK Obstetric Surveillance System. A
prospective national study of acute fatty liver of preg-
nancy in the UK. Gut. 2008;57:951-6.

2. Ch’ng CL, Morgan M, Hainsworth I, Kingham
JG. Prospective study of liver dysfunction in preg-
nancy in Southwest Wales. Gut. 2002;51(6):876-80.

3. Solanke D, Rathi C, Pandey V, Patil M, Phadke A,
Sawant P. Etiology, clinical profile, and outcome of
liver disease in pregnancy with predictors of mater-
nal mortality: a prospective study from Western India.
Indian J Gastroenterol. 2016;35:450-8.

4. Bhatia V, Singhal A, Panda SK, Acharya SK. A
20-year single-center experience with acute liver



460

C.E.Eapenetal.

10.

11.

13.

14.

15.

16.

18.

19.

. Goel

failure during pregnancy: is the prognosis really
worse? Hepatology. 2008;48:1577-85.

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

. Tysen P. Bear essentials of hibernation. NOVA; 2000.

http://www.pbs.org/wgbh/nova/nature/bear-essen-
tials-of-hibernation.html. Last Accessed 6 Jun 2018.

. Butte NF. Carbohydrate and lipid metabolism in preg-

nancy: normal compared with gestational diabetes
mellitus. Am J Clin Nutr. 2000;71:1256S-618S.

. Rolfes DB, Ishak KG. Acute fatty liver of pregnancy:

a clinicopathologic study of 35 cases. Hepatology.
1985;5:1149-58.

. Eapen CE, Ramakrishna B, Jose R, Loganathan

G, Chandy G. Liver failure during pregnancy. Gut.
2008;57:83.

Schoeman MN, Batey RG, Wilcken B. Recurrent acute
fatty liver of pregnancy associated with a fatty-acid
oxidation defect in the offspring. Gastroenterology.
1991;100:544-8.

Browning MF, Levy HL, Wilkins-Haug LE, Larson
C, Shih VE. Fetal fatty acid oxidation defects and
maternal liver disease in pregnancy. Obstet Gynecol.
2006;107:115-20.

. Kobayashi T, Minami S, Mitani A, Tanizaki Y, Booka

M, Okutani T, Yamaguchi S, Ino K. Acute fatty liver
of pregnancy associated with fetal mitochondrial tri-
functional protein deficiency. J Obstet Gynaecol Res.
2015;41:799-802.

Lamireau D, Feghali H, Redonnet-Vernhet I, Mesli S,
Carles D, Brissaud O. Acute fatty liver in pregnancy:
revealing fetal fatty acid oxidation disorders. Arch
Pediatr. 2012;19:277-81.

Gutiérrez Junquera C, Balmaseda E, Gil E, Martinez
A, Sorli M, Cuartero I, Merinero B, Ugarte M. Acute
fatty liver of pregnancy and neonatal long-chain
3-hydroxyacyl-coenzyme A dehydrogenase
(LCHAD) deficiency. Eur J Pediatr. 2009;168:103-6.
Treem WR, Rinaldo P, Hale DE, Stanley CA,
Millington DS, Hyams JS, Jackson S, Turnbull
DM. Acute fatty liver of pregnancy and long-chain
3-hydroxyacyl-coenzyme A dehydrogenase defi-
ciency. Hepatology. 1994;19:339-45.

Santos L, Patterson A, Moreea SM, Lippiatt CM,
Walter J, Henderson M. Acute liver failure in preg-
nancy associated with maternal MCAD deficiency. J
Inherit Metab Dis. 2007;30:103.

. Samuel R, Eapen CE, Pulimood A, Jose R, Kurian

G. Acute fatty liver of pregnancy occurring in a
woman on long term aspirin. J Gastroenterol Hepatol.
2004;19:A809.

Innes AM, Seargeant LE, Balachandra K, Roe
CR, Wanders RJ, Ruiter JP, Casiro O, Grewar DA,
Greenberg CR. Hepatic carnitine palmitoyltransferase
I deficiency presenting as maternal illness in preg-
nancy. Pediatr Res. 2000;47:43-5.

Eskelin PM, Laitinen KA, Tyni TA. Elevated hydroxy-
acylcarnitines in a carrier of LCHAD deficiency dur-
ing acute liver disease of pregnancy—a common

20.

21

22.

23.

24.

25

26.

27.

28.

29.

30.

31.

32.

feature of the pregnancy complication? Mol Genet
Metab. 2010;100:204-6.

Tan AC, van Krieken JH, Peters WH, Steegers
EA. Acute fatty liver in pregnancy. Neth J Med.
2002;60:370-3.

. Kong XF, Zhang XX, Yu YY, Shi Q, La DD, Zhu-Ge

CD, Deng L, Gong QM, Shen BY, Peng CH, Li
HW. No mutation was found in the alpha-subunit of
the mitochondrial tri-functional protein in one patient
with severe acute fatty liver of pregnancy and her rela-
tives. J Gastroenterol Hepatol. 2007;22:2107-11.
Raghupathy V, Goel A, Thangaraj KR, Eapen CE,
Balasubramanian KA, Regi A, Jose R, Benjamin SJ,
Ramachandran A. Absence of G1528C mutation in
long-chain 3-hydroxyacyl-CoA dehydrogenase in
four Indian patients with pregnancy-related liver dis-
ease. Indian J Gastroenterol. 2014;33:387-9.

Liu J, Ghaziani TT, Wolf JL. Acute fatty liver disease
of pregnancy: updates in pathogenesis, diagnosis, and
management. Am J Gastroenterol. 2017;112:838—46.
Uppala R, Dudiak B, Beck ME, Bharathi SS, Zhang
Y, Stolz DB, Goetzman ES. Aspirin increases mito-
chondrial fatty acid oxidation. Biochem Biophys Res
Commun. 2017;482:346-51.

. Rolnik DL, Wright D, Poon LC, O'Gorman N,

Syngelaki A, de Paco MC, Akolekar R, Cicero S,
Janga D, Singh M, Molina FS, Persico N, Jani JC,
Plasencia W, Papaioannou G, Tenenbaum-Gavish
K, Meiri H, Gizurarson S, Maclagan K, Nicolaides
KH. Aspirin versus placebo in pregnancies at high risk
for preterm preeclampsia. NEJM. 2017;377:613-22.

Baldwin GS. Do NSAIDs contribute to acute fatty
liver of pregnancy? Med Hypotheses. 2000;54:846-9.
Saygan-Karamiirsel B, Kizilkilig-Parlakgiimiis A,
Deren O, Onderoglu L, Durukan T. Acute fatty liver
of pregnancy after aspirin intake. J Matern Fetal
Neonatal Med. 2004;16:65-6.

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

Rakheja D, Bennett MJ, Foster BM, Domiati-Saad
R, Rogers BB. Evidence for fatty acid oxidation in
human placenta, and the relationship of fatty acid
oxidation enzyme activities with gestational age.
Placenta. 2002;23:447-50.

Natarajan  SK, Eapen CE, Pulimood AB,
Balasubramanian KA. Oxidative stress in experi-
mental liver microvesicular steatosis: role of mito-
chondria and peroxisomes. J Gastroenterol Hepatol.
2006;21:1240-9.

Natarajan SK, Thangaraj KR, Eapen CE,
Ramachandran A, Mukhopadhya A, Mathai
M, Seshadri L, Peedikayil A, Ramakrishna B,
Balasubramanian KA. Liver injury in acute fatty liver
of pregnancy: possible link to placental mitochon-
drial dysfunction and oxidative stress. Hepatology.
2010;51:191-200.

Zachariah U, Goel A, Balasubramanian KA, Eapen
CE. The hibernating bear-a good analogy to explain


http://www.pbs.org/wgbh/nova/nature/bear-essentials-of-hibernation.html
http://www.pbs.org/wgbh/nova/nature/bear-essentials-of-hibernation.html

33

Acute Fatty Liver of Pregnancy, Liver Failure, and Liver Transplantation

461

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

why acute fatty liver of pregnancy manifests in late
pregnancy. Am J Gastroenterol. 2018;113:307-8.
Goel A, Ramakrishna B, Zachariah U, Ramachandran
J, Eapen CE, Kurian G, Chandy G. How accurate are
the Swansea criteria to diagnose acute fatty liver of
pregnancy in predicting hepatic microvesicular ste-
atosis? Gut. 2011;60:138-9.

Goel A, Ramakrishna B, Madhu K, Zacharaiah U,
Eapen CE, Chandy G. Simplified diagnostic criteria
for acute fatty liver of pregnancy. J Gastroenterol
Hepatol. 2010;25:A113. https://onlinelibrary.wiley.
com/doi/epdf/10.1111/§.1440-1746.2009.06464 .x.
Last Accessed 31 Jul 2018.

Wang HY, Jiang Q, Shi H, Xu YQ, Shi AC, Sun YL,
Li J, Ning Q, Shen GX. Effect of caesarean section
on maternal and foetal outcomes in acute fatty liver
of pregnancy: a systematic review and meta-analysis.
Sci Rep. 2016;6:28826.

Goel A, Nair SC, Viswabandya A, Masilamani VP,
Rao SV, George A, Regi A, Jose R, Zachariah U,
Subramani K, Eapen CE, Chandy G. Preliminary
experience with use of recombinant activated factor
VII to control postpartum hemorrhage in acute fatty
liver of pregnancy and other pregnancy-related liver
disorders. Indian J Gastroenterol. 2013;32:268-71.
Welsh A, McLintock C, Gatt S, Somerset D, Popham
P, Ogle R. Guidelines for the use of recombinant acti-
vated factor VII in massive obstetric haemorrhage.
Aust N Z J Obstet Gynaecol. 2008;48:12-6.

Supriya K, Thunga S, Narayanan A, Singh
P. Recombinant activated factor VII in the manage-
ment of acute fatty liver of pregnancy: a case report. J
Obstet Gynaecol Res. 2015;41:1122-5.

Riely CA, Latham PS, Romero R, Duffy TP. Acute
fatty liver of pregnancy. A reassessment based on
observations in nine patients. Ann Intern Med.
1987;106:703-6.

Moldenhauer JS, O’brien JM, Barton JR, Sibai
B. Acute fatty liver of pregnancy associated with pan-
creatitis: a life-threatening complication. Am J Obstet
Gynecol. 2004;190(2):502-5.

Minuk GY, Lui RC, Kelly JK. Rupture of the liver
associated with acute fatty liver of pregnancy. Am J
Gastroenterol. 1987;82:457-60.

Goel A, Rao SV, Mathews MS, George A, Kurien M,
Amritanand A, Masilamani VP, Zachariah U, Eapen
CE. Rhino-orbital zygomycosis in a patient with preg-
nancy related liver disease and multi-organ failure.
Indian J Gastroenterol. 2011;30:49-50.

Ko HH, Yoshida E. Acute fatty liver of pregnancy.
Can J Gastroenterol. 2006;20:25-30.

Ranjan V, Smith NC. Acute fatty liver of pregnancy. J
Obstet Gynaecol. 1997;17:285-6.

Martin JN Jr, Briery CM, Rose CH, Owens MT, Bofill
JA, Files JC. Postpartum plasma exchange as adjunc-
tive therapy for severe acute fatty liver of pregnancy. J
Clin Apher. 2008;23:138-43.

Chu YF, Meng M, Zeng J, Zhou HY, Jiang JJ, Ren
HS, Zhang JC, Zhu WY, Wang CT. Effectiveness of
combining plasma exchange with continuous hemo-

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

diafiltration on acute fatty liver of pregnancy compli-
cated by multiple organ dysfunction. Artif Organs.
2012;36:530-4.

Yu CB, Chen JJ, Du WB, Chen P, Huang JR, Chen
YM, Cao HC, Li LJ. Effects of plasma exchange com-
bined with continuous renal replacement therapy on
acute fatty liver of pregnancy. Hepatobiliary Pancreat
Dis Int. 2014;13:179-83.

Jin F, Cao M, Bai Y, Zhang Y, Yang Y, Zhang
B. Therapeutic effects of plasma exchange for the
treatment of 39 patients with acute fatty liver of preg-
nancy. Discov Med. 2012;13:369-73.

Seyyed Majidi MR, Vafaeimanesh J. Plasmapheresis
in acute fatty liver of pregnancy: an effective treat-
ment. Case Rep Obstet Gynecol. 2013;2013:615975.
Ding J, Han LP, Lou XP, Geng LN, Liu D, Yang Q,
Gao S. Effectiveness of combining plasma exchange
with plasma perfusion in acute fatty liver of preg-
nancy: a retrospective analysis. Gynecol Obstet
Investig. 2015;79:97-100.

Remiszewski P, Pawlak J, Skwarek A, Grzelak
I, Patkowski W, Grodzicki M, Krawczyk M,
Giercuszkiewicz D, Podciechowski L, Wilczyniski
J. Orthotopic liver transplantation for acute liver fail-
ure resulting from ‘“‘acute fatty liver of pregnancy”.
Ann Transplant. 2003;8:8—11.

Ringers J, Bloemenkamp K, Francisco N, Blok JJ,
Arbous MS, van Hoek B. Auxiliary or orthotopic
liver transplantation for acute fatty liver of preg-
nancy: case series and review of the literature. BJOG.
2016;123:1394-8.

Westbrook RH, Yeoman AD, Joshi D, Heaton ND,
Quaglia A, O’Grady JG, Auzinger G, Bernal W,
Heneghan MA, Wendon JA. Outcomes of severe
pregnancy-related liver disease: refining the role of
transplantation. Am J Transplant. 2010;10:2520-6.
Xiong HF, Liu JY, Guo LM, Li XW. Acute fatty
liver of pregnancy: over six months follow-up study
of twenty-five patients. World J Gastroenterol.
2015;21:1927-31.

Zhang YP, Kong WQ, Zhou SP, Gong YH, Zhou
R. Acute fatty liver of pregnancy: a retrospective
analysis of 56 cases. Chin Med J. 2016;129:1208-14.
MengJ, Wang S, GuY, Lv H, Jiang J, Wang X. Prenatal
predictors in postpartum recovery for acute fatty liver
of pregnancy: experiences at a tertiary referral center.
Arch Gynecol Obstet. 2016;293:1185-91.

Gao Q, Qu X, Chen X, Zhang J, Liu F, Tian S, Wang
C. Outcome and risk factors of patients with acute
fatty liver of pregnancy: a multicenter retrospective
study. Singapore Med J. 2018;59(8):425-30. https://
doi.org/10.11622/smedj.2018001.

Fesenmeier MF, Coppage KH, Lambers DS, Barton
JR, Sibai BM. Acute fatty liver of pregnancy in
3 tertiary care centers. Am J Obstet Gynecol.
2005;192:1416-9.

Tyni T, Ekholm E, Pihko H. Pregnancy complications
are frequent in long-chain 3-hydroxyacyl-coenzyme
a dehydrogenase deficiency. Am J Obstet Gynecol.
1998;178:603-8.


https://onlinelibrary.wiley.com/doi/epdf/10.1111/j.1440-1746.2009.06464.x
https://onlinelibrary.wiley.com/doi/epdf/10.1111/j.1440-1746.2009.06464.x
https://doi.org/10.11622/smedj.2018001
https://doi.org/10.11622/smedj.2018001

	33: Acute Fatty Liver of Pregnancy, Liver Failure, and Liver Transplantation
	33.1	 Introduction
	33.2	 Epidemiology
	33.3	 Pathogenesis
	33.3.1	 The Hibernating Bear: A Good Analogy for AFLP Pathogenesis

	33.4	 Acquired Predisposition
	33.5	 Placental Pathogenesis
	33.6	 Timing of AFLP Manifestation: Why Does AFLP Manifest in Late Pregnancy?
	33.7	 Manifestations
	33.8	 Diagnosis
	33.9	 Management of AFLP (Fig. 33.2)
	33.10	 Delivery Considerations
	33.10.1	 Intensive Care Treatment

	33.11	 Outcomes: Maternal and Fetal
	33.12	 Conclusion
	References




