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Chapter 5
Acute Fatty Liver of Pregnancy

David B. Nelson, John J. Byrne, and F. Gary Cunningham

Introduction

Acute liver failure was first described in pregnancy by Tarnier in 1857 as microve-
sicular fatty infiltration of the liver [1]. Evidence regarding this link was further
described by Lomer in 1884, at which time he described 30 cases of fatty liver dur-
ing pregnancy at time of autopsy [2]. J. Whitridge Williams termed this acute yel-
low atrophy in the first edition of his textbook and stated that pregnancy appeared to
be a predisposing factor [3]. Over the next few decades, there were sporadic case
reports of women who died near term from acute liver failure with fatty infiltration;
however, elucidation of its etiopathogenesis remained obscure [4].

Major progress in understanding the cause of acute liver failure in pregnancy was
reported by Sheehan in 1940 [5]. At that time, he concluded that the majority of
maternal deaths secondary to fatty liver were related to the common use of chloro-
form anesthesia which was popular from the mid-1800s through 1940. After exclud-
ing cases attributed to hepatotoxins, such as chloroform, and from infectious
etiologies, he termed the remaining cases as obstetric acute yellow atrophy. During
the late 1940s, however there were still case reports reviewing the difficulty of dif-
ferentiation between end-stage hepatitis and acute fatty liver of pregnancy [6, 7].
But while fulminant viral hepatitis does have clinical similarities with acute fatty
liver of pregnancy, the two appear to be distinctly different histologically [8].

In 1982, Burroughs and colleagues [9] described the clinicopathological findings
of idiopathic fatty liver of pregnancy, more contemporaneously known as acute fatty
liver of pregnancy (AFLP). They described 12 women who were admitted to the
Liver Unit at the Royal Free Hospital in London. Importantly, none of these women
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had been exposed to chloroform, tetracycline, or other hepatotoxic agents. Indeed,
the diagnosis in all but one case was biopsy proven. These investigators carefully
characterized symptomatology, laboratory findings, light- and electron-microscopic
histopathology, pregnancy outcomes, and complications. They reported that these
women had characteristic clinical findings of acute liver failure to include encepha-
lopathy and severe metabolic acidosis. The biopsy findings disclosed widespread
microvesicular fat infiltration with swollen hepatocytes, minimal necrosis, and cho-
lestasis. They also reported that acute kidney injury was common, and three women
required dialysis. Another recognized manifestation was coagulopathy; however, it
was reported as seldom clinically significant and infrequent. Common hematologi-
cal findings included thrombocytopenia and hemolysis.

Epidemiology

The incidence of acute fatty liver of pregnancy varies depending on diagnostic cri-
teria and population studied and ranges from 1 in 7000 to I in 20,000 pregnancies
[10-13]. There does not appear to be geographic or ethnic differences in the severity
or incidence of the disease; however there are limited population-specific data [14].
Although there are a few cases reported in the second trimester, most develop in the
late third trimester [12, 15].

AFLP has a number of associated risk factors. Fetal acid oxidation disorders,
multifetal gestation, and male fetuses all have been reported to predispose a woman
to develop AFLP [12, 16, 17]. Lesser reported risk factors include metabolic disor-
ders, obesity, and hepatic disorders such as intrahepatic cholestasis of pregnancy
[12, 14, 18]. Preeclampsia syndrome is also a well-known association; however,
cause-and-effect with AFLP are uncertain.

Pathophysiology

An important finding regarding the pathogenesis of fatty liver disease of pregnancy
was provided by Reye and colleagues [19], who described a similar syndrome in
children. Subsequent research suggested that microvesicular fatty hepatocyte infil-
tration was caused by deficiency of one or more of the mitochondrial fatty-acid
oxidative enzymes or fetal fatty acid oxidation defects [20]. In this scheme, the
fetal-placental unit metabolizes free fatty acids for growth and development during
pregnancy, and the placenta contains enzymes involved in the fatty acid metabolism
pathway. Placental enzymes metabolize triglycerides into free fatty acids which
enter the fetal compartment. Because the products of this metabolism are trans-
ferred to the fetus, defects in the fatty acid oxidation pathway of the fetal-placental
unit result in accumulation of intermediate products of fatty acids in the maternal
circulation. These metabolites are taken up by the maternal liver along with reactive
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oxygen species that activate inflammatory processes and cause cellular hepatic
necrosis [20, 21].

To date, there have been a number of mutations reported for genes that encode
for enzymes in this pathway [21]. Of all of these oxidation disorders, maternal defi-
ciency of long-chain 3-hydroxyacyl-CoA dehydrogenase (LCHAD) has been most
strongly linked with pregnancy-associated fatty liver disease [22, 23]. Other, less
common, fatty acid oxidation defects have been associated with AFLP, such as
medium-chain acyl CoA dehydrogenase (MCAD) deficiency, very long-chain acyl-
CoA dehydrogenase (VLCAD) deficiency, and carnitine palmitoyltransferase 1
(CPT1) deficiency [24, 25].

LCHAD deficiency is caused by a defect in the mitochondrial trifunctional pro-
tein along the inner mitochondrial membrane, specifically on the C-terminal protein
of the alpha subunit. The most common defect seen in LCHAD deficiency is a 1528
G-to-C nucleotide change in exon 15 of the alpha subunit, which causes a change of
glutamate-to-glutamine [26]. Because the third step in the oxidation of long-chain
fatty acids is catalyzed by LCHAD, a buildup of intermediate products of metabo-
lism is seen in individuals with LCHAD deficiency.

There are two proposed scenarios wherein accumulation of fatty acids and
metabolites can accrue within the maternal compartment. In the first, a homozygous
enzymatic defect is shared by the fetus and placenta. In the second, a heterozygous
mother has decreased ability to perform fatty acid oxidation in late pregnancy. As
seen in Fig. 5.1, homozygous enzymatic defects in the fetal-placental fatty acid
oxidation pathway lead to an accumulation of fatty acid metabolites that are trans-
ferred to a heterozygous mother.

Clinical Presentation

The woman with acute fatty liver will typically present in late pregnancy with a
variety of nonspecific symptoms, such as persistent anorexia, nausea, vomiting, and
abdominal pain. Some will have findings of encephalopathy or polydipsia and poly-
uria [10, 12, 27]. Nelson and colleagues [10] described 51 women with AFLP who
presented to Parkland Hospital at a mean gestational age of 37 weeks. Most of these
had a variety of the symptoms mentioned above; however, approximately 10% were
asymptomatic. Almost half of the women had associated hypertension, with or
without proteinuria. In some of these women, these clinical findings progressed to
liver failure with associated renal failure, coagulopathy, and hypoglycemia.
Figure 5.2 demonstrates the spectrum of clinical consequence to this disorder.
Classically, the initial laboratory findings in AFLP depend on the degree of
hepatic dysfunction. Some of these abnormalities include elevated levels of hepatic
transaminases, creatinine, bilirubin, ammonia, and uric acid, along with hypoglyce-
mia. There can also be associated coagulopathy [28]. This dysfunction can be pro-
found and typically manifests as a prolonged prothrombin time and international
normalized ratio (INR) with varying degrees of hypofibrinogenemia and elevated
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Fig. 5.1 Organ-specific effects of acute fatty liver of pregnancy. (Adapted from Nelson et al. [63])

D-dimer levels [10, 27-30]. There is also usually some degree of hypocholesterol-
emia concordant with hepatic dysfunction, and antithrombin III levels are also
decreased [10, 31]. The peripheral smear shows echinocytosis caused by hypocho-
lesterolemia [32], and there is typically a modest leukocytosis. Hemolysis with
reticulocytosis and nucleated erythrocytes are also frequently seen [10].

Hemoconcentration is caused by endothelial cell activation with capillary leak-
age. There may be polycythemia, but with concomitant hemolysis, the hematocrit
may be normal or even low. This “endotheliopathy” ultimately results in prerenal
azotemia, compounding acute kidney injury. Intravascular volume depletion can be
further intensified by associated ascites [33]. Hypovolemia combined with meta-
bolic acidosis from liver injury can cause a reduction in uteroplacental perfusion
that can have profound adverse fetal affects to include death.

Diagnosis

For clinical diagnosis, some recommend application of the Swansea criteria, as
described by Ch’ng and colleagues (Table 5.1) [29]. These diagnostic criteria have
since been validated by Knight and colleagues [12], and when six of these criteria are
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Fig. 5.2 Pathophysiology of acute fatty liver of pregnancy. The oxidation of long-chain fatty acids
is catalyzed by long-chain 3-hydroxyacyl-CoA dehydrogenase (LCHAD) and medium-chain acyl
CoA dehydrogenase (MCAD). When a homozygous enzymatic defect occurs in the fetal/placental
fatty acid oxidation pathway, this leads to an accumulation of intermediate products of metabolism
that are transferred to a heterozygous mother

Table 5.1 Diagnostic criteria using the Swansea criteria — six of these criteria satisfy the
diagnosis of AFLP

Swansea criteria Vomiting

Encephalopathy

Abdominal pain

Ascites

Polydipsia/polyuria

Bilirubin >0.8 mg/dL
Hypoglycemia <72 mg/dL

White blood cell count >11 x 10%/1
Elevated urea >340 pmol/L

ALT >42 U/L

AKI or Cr >1.7 mg/dl

Ammonia >47 pmol/L
Coagulopathy or PT >14s
Echogenic liver on ultrasound
Microvesicular steatosis on liver biopsy
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identified, the diagnosis of AFLP is suggested. These criteria are helpful because
diagnosis may not be readily apparent, because of the previously described vague
symptomatology. For the woman who presents with persistent nausea and vomiting,
abdominal pain and jaundice and encephalopathy, the diagnosis is seemingly more
straightforward. But for most women the differential diagnosis is wide. Specifically,
AFLP is frequently confused with the more commonly associated obstetric conditions
[34]. One of the most difficult conditions to distinguish is hemolysis, elevated liver
enzymes, low platelets (HELLP) syndrome, which is considered an “imitator” [34].
To establish the diagnosis of AFLP, both clinical findings and laboratory evalua-
tion are essential. Shown in Fig. 5.3 is a suggested testing algorithm. Initially, serum
creatinine and hepatic transaminase levels are measured along with a hemogram
with platelet quantification. With evidence of liver failure and laboratory abnormali-
ties, these women should undergo further workup to differentiate between related
disorders such as acetaminophen toxicity and hepatitis — as discussed in Differential
Diagnosis. If abnormal laboratory values are identified, then targeted studies are
performed including evaluation for hepatic function and disordered coagulation.
Serum cholesterol and plasma fibrinogen levels can be a good measure of liver func-
tion. It is important to consider that both of these analytes are markedly influenced
by the physiologic changes of normal pregnancy and increase substantially above
nonpregnant values. Thus, these analytes can be dramatically abnormal when

Testing algorithm for AFLP

Patient presents with symptoms/
signs of AFLP
Hypertension Anorxia

Initial evaluation Persistent nausea/vomiting Encephalopathy
History, clinical exam Abdominal pain daundice

Symptoms/signs of AFLP

Laboratory analytes
(CBC, BMP, LFTs, LDH)
Urinalysis

| Normal findings/values | High suspicionforAFLP|

N,

Further workup Targeted
as indicated studies

Cholesterol Prothrombin
e time
Bilirubin

Cholesterol INR

Amylase Reticulocytes Sonography
Lipase Haptoglobin CT w/ contrast

MR abd w/ contrast

Albumin Fibringogen

Fig. 5.3 Algorithm to identify acute fatty liver of pregnancy. (Adapted from Nelson et al. [63])
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considered in the context of the third trimester of pregnancy. For example, plasma
fibrinogen levels in nonpregnant women range from 233 to 496 mg/dL; however, in
the third trimester these range between 373 and 619 mg/dL [35].

Although imaging studies are recommended by some [14], in our experience,
these are of limited value in the diagnosis of AFLP [10]. For example, although
sonographic findings are one element of the Swansea criteria, only a fourth of women
had the classic ultrasound findings in a prospective evaluation [12]. Using computed
tomography, sonography, and magnetic resonance imaging, Castro and colleagues
[11] attempted to confirm the diagnosis; however, they were only able to do so in
30% of patients. The highest yield was 50% with computed tomography [11].

In the past, liver biopsy was considered necessary to confirm the diagnosis of
AFLP; however, it is now accepted that it is not the case if characteristic clinical and
laboratory findings are present. In women in whom the diagnosis is uncertain, liver
biopsy may still be beneficial. As described by Sheehan, pathognomonic histopath-
ologic findings include swollen hepatocytes with central nuclei along with microve-
sicular fatty infiltration of hepatocytes [5]. In some cases, fat droplets may not be
easily identified on hematoxylin and eosin staining; thus a special oil-red-O stain
must be performed on specimens [36].

Differential Diagnosis

A number of general as well as pregnancy-related disorders may initially be con-
fused with AFLP. In addition to the HELLP syndrome already mentioned, consid-
eration is given to viral hepatitis, acetaminophen toxicity, thrombotic
microangiopathies, preeclampsia, and exacerbation of systemic lupus erythemato-
sus [34]. HELLP syndrome is by far the most common disorder that may be mis-
taken for AFLP and vice versa. The two disorders are characterized by a constellation
of similar symptoms and laboratory values; however, there are a number of signifi-
cant — albeit sometimes subtle — differences. As initially reported by Vigil-de
Gracia et al. [37], hepatic, renal, and hemostatic dysfunction is more severe in
AFLP. Recent observations by Byrne and colleagues [38, 39] showed that women
with AFLP were more likely than those with HELLP syndrome to have hypofibri-
nogemia, acute kidney injury, hyperbilirubinemia, hypoglycemia, and hypocholes-
terolemia at the time of admission (Table 5.2). Although initial management is
similar and both conditions warrant delivery, the recovery and associated morbidity
can be substantially different.

Management

Clinical management may vary because AFLP manifests as a spectrum from mild
metabolic and coagulopathic disturbances to overt liver failure and hepatic encepha-
lopathy. The cornerstone of management of AFLP includes (1) prompt recognition
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Table 5.2 Most abnormal laboratory findings among women from Parkland Hospital with AFLP
and HELLP syndrome

AFLP HELLP
Analyte N=67 N=67
Fibrinogen (mg/dL) 158 [87, 245] 422 [342, 482]
AST (U/L) 278 [146, 564] 135 [77, 250]
Creatinine (mg/dL) 21[1,2] 11[1,1]
Cholesterol (mg/dL) 88 [70, 122] 168 [137, 227]
Total bilirubin (mg/dL) 512, 8] 1[1,2]
Platelets (/pL) 106,000 [57, 137] 44,000 [33, 63]
LDH (U/L) 512 [398, 865] 678 [530, 850]
Glucose (mg/dL) 88 [70, 122] 98 [137, 227]
White blood cell count (x103/mm?) 23 [18, 28] 16 [13, 20]

Data are presented as median [Q;, Qs]
Data from Byrne et al. [37, 38]

and evaluation of mother and fetus; (2) plan for supportive care such as reversal of
coagulopathy; (3) preparation for delivery as soon as feasible; (4) and postpartum
supportive care. Until the fetus is delivered, it is thought that the ongoing liver fail-
ure will continue with its attendant constellation of abnormalities. After delivery,
there is a slow return to metabolic normalcy that frequently requires considerable
supportive care for days and even weeks.

Thus, the clinical course of women with AFLP may be characterized by subacute
or acute changes in either the maternal or fetal condition. Therefore, women who
present with symptoms concerning for AFLP should be admitted to the labor and
delivery unit of a hospital with the ability to transition care to an intensive care unit
[40]. While evaluating the maternal status, the fetus should undergo fetal heart rate
monitoring. Given the proclivity for maternal lactic acidosis with diminished utero-
placental blood flow in the setting AFLP, fetal condition may be nonreassuring.
Indeed, fetal jeopardy accounts for the high rate of cesarean delivery. Although the
definitive treatment is delivery, AFLP, per se, is not an indication for cesarean deliv-
ery, and vaginal delivery is preferable considering the sometimes profound coagu-
lopathy that accompanies the syndrome. In the setting of a vaginal delivery, care is
taken to prevent vaginal trauma and lacerations — including episiotomy — given
these bleeding risks.

A number of preparations are carried out quickly and as simultaneously as pos-
sible. Among these is consultation with anesthesiology colleagues. If the woman is
obtunded, airway protection is paramount. Because of vomiting, consideration is
given to a nasogastric tube with antacids to neutralize gastric contents. And for the
woman with obvious hepatic encephalopathy, tracheal intubation should be consid-
ered. Two large-bore intravenous catheters are placed in anticipation of severe hem-
orrhage. As indicated above, continuous fetal monitoring is performed. Magnesium
sulfate infusion is begun for neuroprophylaxis for those women who have evidence
for preeclampsia which is seen in up to 70%. Finally, antihypertensive agents are
given to treat dangerously high blood pressure levels [41].
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Delivery

Although vaginal delivery is preferred, the majority of these women will undergo
cesarean delivery because of the high incidence of nonreassuring fetal status associ-
ated with maternal acidosis and decreased blood volume due to the endotheliopathy.
We prefer a midline skin incision because there is less subcutaneous bleeding than
with a Pfannenstiel incision. Some prefer to use a drain such as a Blake or Jackson-
Pratt device given the possibility of ascitic fluid and bleeding. At Parkland Hospital,
routine draine placement is not our practice.

Given the high risk of coagulopathy at time of delivery, preparations need to be
made regarding the potential for massive hemorrhage [42, 43]. Restoration of pro-
coagulants and improvement of hypovolemia are integral especially if cesarean
delivery is indicated. Because whole blood is not available in most institutions,
resuscitation is done with packed red cells and fresh frozen plasma. Again, espe-
cially with operative delivery, maintenance of plasma fibrinogen levels >150 mg/
dL is important [42]. Finally, platelet transfusions may be necessary if there is
severe thrombocytopenia [43].

Analgesia and Anesthesia

The choice of analgesia depends on the degree of hepatic dysfunction and coagu-
lopathy, especially with consideration for cerebral edema and intracranial hyperten-
sion [30]. Cited again is the high incidence of cesarean delivery. For the majority of
women who have a limited coagulopathy and only moderate thrombocytopenia, it is
reasonable to place neuraxial analgesia with the proviso that the nadir of some of
the analytes, vis-a-vis platelets, may not recover until several days postpartum. In
other cases, the use of general anesthesia may be necessitated by profound coagu-
lopathy with severe thrombocytopenia, serious hemorrhage, or fetal compromise
mandating emergency cesarean delivery.

Postpartum Course

After delivery, even though the AFLP pathophysiology begins to reverse, there will
be continuation of the changes for periods up to 7-10 days. Because these women
have a high incidence of postpartum hemorrhage, disseminated intravascular coagu-
lopathy, acute renal failure, and gastrointestinal bleeding, continued care is neces-
sary in an acute care unit [40]. Serial measurements of hematologic, hepatic, and
renal function is performed every 6 h within the first 1-2 days [10]. Anemia is com-
mon from brisk hemolysis, and multiple transfusions are usually required. If there
is a recent surgical incision, then clotting function is monitored and transfusion with
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fresh-frozen plasma, cryoprecipitate, or platelets may be indicated. Given the risk of
hypoglycemia, serial blood glucose levels are monitored every 2-3 h, and if these
are less than 60 mg/dL, then an infusion with 10% glucose is begun.

In most women, evidence of liver failure will begin to improve 2-3 days after
delivery. Typically, hepatic transaminase values decline in a linear fashion to values
at or below 100 IU/L after which values plateau for several weeks [10]. Other mark-
ers of liver failure, specifically total bilirubin and cholesterol levels, will start to
improve after 3—4 days [44]. Acute kidney injury results from both prerenal and
intrinsic pathology. The prerenal component can be seen in the swift decline in
serum creatinine values after delivery, recovering to within a normal range within
7-10 days; however, the intrinsic kidney injury component is evidenced by the per-
sistence of elevated serum creatinine for several weeks.

There are also two associated conditions that may be identified in the postpar-
tum period — transient diabetes insipidus and acute pancreatitis. As many as a
fourth of women develop diabetes insipidus, which is thought to be from elevated
vasopressinase concentrations stemming from diminished hepatic production of its
inactivating enzyme. Also, acute pancreatitis develops in up to 20% of the
women [45].

More recently, postpartum artificial liver support therapy (ALST) has been
described [46]. This includes plasma exchange which removes toxic metabolites,
improves electrolyte management and acid-base balance, and supports coagulation
factors [47, 48]. While plasmapheresis may result in an improvement of oxidative
stress markers and hasten hepatic function recovery, there has not been an improve-
ment in mortality [48, 49]. And although the data are limited, continuous renal
replacement therapy (CRRT) along with plasma exchange has been shown to
improve clinical symptoms and laboratory analyte recovery [50].

For the woman with persistent profound hepatic failure with hypotension and
acidosis, liver transplantation must be considered [51]. Usually, the need for trans-
plantation is typically later in the recovery period remote from delivery. Of the 51
women whom we previously described at Parkland Hospital, only two were consid-
ered candidates for transplantation. One woman died from intractable liver failure,
and the other survived after a long hospital course with application of CRRT.

Experimental Treatment

One proposed treatment with possible benefits in AFLP is molecular absorbent
recirculating system therapy [52, 53]. This system functionally replaces the liver
in removing albumin-bound toxic metabolites from the blood via albumin dialysis,
which results in stabilization of liver function and improvement in the hyperbili-
rubinemia. However, there has been no clear mortality benefit. This modality can
be considered in patients with acute liver failure who are awaiting liver
transplantation.
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Maternal and Perinatal Outcomes

Since there has been broad acceptance for relatively uniform criteria for diagnosis,
there are at least 10 reports that are listed in Table 5.3 and that include 18 or more
pregnancies complicated by acute fatty liver [11, 27, 54-59]. The largest was a mul-
ticenter cohort study that identified 133 cases from four tertiary hospitals in China
from January 2009 to April 2014 [59]. The single-center studies from Taiwan and
California hospitals each reported an incidence of about 1:7000 deliveries in con-
trast to that of 1:20,000 from the UK nationwide audit [11, 12, 54]. It seems likely
that these higher reported incidences result from regional referrals. Uniform to all
12 reports are three major causes of maternal morbidity and mortality, including
various combinations and severities of liver failure, renal failure, and hemorrhage.
These reports stress that delivery is necessary to reverse ongoing organ dysfunction,
but also recognize that cesarean delivery is more likely performed because of asso-
ciated fetal compromise and that operative delivery has more hemorrhagic
complications.

These reports also cite maternal and perinatal survival rates that are much
improved compared with earlier reports. In fact, maternal mortality rates in women
with AFLP have improved dramatically over the last several decades. In the 1980s,
the maternal mortality rate was as high as 80-90%, but this is now below 10% in the
most recent literature [12, 59-61]. Many of these cases will trigger as a severe
maternal morbidity (“SMM?”) event, given their increased risk of acute kidney
injury, ICU admission, and need for blood and component transfusions. Early diag-
nosis, prompt delivery, and improved supportive care have led to this improvement
in severe morbidity and mortality over time. Although maternal mortality rates have
improved over the last several decades, perinatal mortality rates continue to remain
substantively increased. As seen in Table 5.3, perinatal mortality over a 20-year
period was about 20%. Furthermore, there is still substantive maternal morbidity.

Subsequent Pregnancy

Reports of AFLP recurrence in subsequent pregnancies are unusual [62]. In the set-
ting of women who are heterozygous or carriers of the long chain
3-hydroxyacyconezyme A dehydrogenase mutation, the risk of recurrence is
increased. This is contingent upon the fetus being affected during that subsequent
pregnancy. If a woman has developed AFLP in a previous pregnancy, it is prudent to
screen the fetus for fatty acid oxidation disorder, specifically LCHAD deficiency. At
this time, there have only been case reports of recurrent AFLP outside of this pro-
posed pathogenesis [16].

Disclosure Statement The authors report no conflict of interest.
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