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INTRODUCTION

Acute fatty liver of pregnancy (AFLP) is an obstetric emergency characterized by maternal liver
dysfunction and/or failure that can lead to maternal and fetal complications, including death.
Prompt delivery and supportive maternal care are important for achieving a full recovery for the
mother.

The clinical features, diagnosis, and management of AFLP will be reviewed here. A general
approach to the patient who develops liver disease during pregnancy is presented separately
and has also been addressed in a guideline issued by the American College of Gastroenterology
[1]. (See "Approach to evaluating pregnant patients with elevated liver biochemical and function
tests".)

EPIDEMIOLOGY AND RISK FACTORS

Acute fatty liver of pregnancy (AFLP) is rare, with an approximate incidence of 1 in 7000 to
20,000 pregnancies [2-6]. Given the association with inherited defects, the incidence may vary
based on ethnicity, but epidemiology studies are lacking. (See 'Pathogenesis' below.)

Potential risk factors for AFLP include [1,3,4,7,8]:

* Fetal long-chain 3-hydroxyacyl CoA dehydrogenase deficiency
* Prior episode of AFLP
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* Multiple gestation
* Preeclampsia or hemolysis, elevated liver enzymes, and a low platelet count syndrome

Male fetal sex
Low body mass index (BMI <20 kg/m?)
Nulliparity

PATHOGENESIS

The pathogenesis of acute fatty liver of pregnancy (AFLP) is unclear, but defects in fatty acid
metabolism during pregnancy appear to play a role. Free fatty acids normally increase in
pregnancy, particularly late in gestation, to fuel fetoplacental growth and development. If
maternal-fetal fatty acid metabolism is defective, intermediate products of metabolism can
accumulate in maternal blood and hepatocytes, with deleterious effects on maternal
hepatocytes [9,10].

An overview of fatty acid oxidation disorders including the clinical manifestations is presented
separately. (See "Overview of fatty acid oxidation disorders" and "Specific fatty acid oxidation
disorders".)

Fetal long-chain 3-hydroxyacyl CoA dehydrogenase (LCHAD) deficiency — Approximately 20
percent of AFLP is associated with LCHAD deficiency [1]. LCHAD is one of the enzymes involved
in fatty acid oxidation; it catalyzes a step in beta-oxidation of mitochondrial fatty acids in which
3-ketoacyl-CoA is formed from 3-hydroxyacyl-CoA. In fetuses homozygous for LCHAD deficiency,
the fetoplacental unit cannot perform this step, so levels of intermediate products of fatty acid
metabolism increase and enter the maternal circulation [11-13]. Because the mother is
heterozygous for LCHAD deficiency, she has decreased ability to accomplish fatty acid oxidation,
thus contributing to long-chain metabolites accumulating in maternal blood and hepatocytes,
resulting in toxic effects.

However, not all mutations that lead to LCHAD deficiency result in AFLP [14,15]. The
homozygous G1528C mutation, which alters amino acid 474 from glutamic acid to glutamine on
the protein (E474Q), appears to be the most common genotype associated with development of
AFLP [9,11]. The heterozygous and wild-type fetal genotype are not associated AFLP [16].

The G1528C mutation has also been associated with development of hemolysis, elevated liver
enzymes, and a low platelet count syndrome [9,11,16] and preeclampsia [16], which share
several phenotypic features with AFLP [17].
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Other enzyme deficiencies — The following deficiencies of fetoplacental mitochondrial
oxidation have also been associated with development of AFLP, but are less common than the
G1528C mutation [10] (see "Specific fatty acid oxidation disorders", section on 'Medium- and
short-chain fatty acid oxidation disorders'):

Short-chain acyl-CoA dehydrogenase deficiency [18].

Medium-chain acyl-CoA dehydrogenase deficiency [19].

Carnitine palmitoyltransferase deficiency [20].

Mitochondrial trifunctional protein deficiency [21,22].

It is important to recognize that genetic testing may not demonstrate an abnormality. As an
example, a whole-exome genetic sequencing analysis of East Asian patients with AFLP found no
gene mutation in enzymes involved in fatty acid metabolism [23].

PATIENT PRESENTATION

Acute fatty liver of pregnancy (AFLP) typically presents between the 30t and the 38™ week of
gestation, but the diagnosis has been made as early as 18 weeks [24] and as late as four days
after delivery [3,25].

The initial symptoms of AFLP are often nonspecific (eg, nausea, vomiting, abdominal pain,
malaise, headache, and/or anorexia). Many patients have hypertension, with or without
proteinuria. Coexisting hemolysis, elevated liver enzymes, and low platelet count syndrome
occurs in 20 percent, and 20 to 40 percent of patients are also diagnosed with preeclampsia
[26]. (See "HELLP syndrome (hemolysis, elevated liver enzymes, and low platelets)" and
"Preeclampsia: Clinical features and diagnosis".)

Signs and symptoms of acute liver failure, including jaundice, ascites, encephalopathy,
disseminated intravascular coagulopathy, and hypoglycemia rapidly develop. Most patients
develop acute kidney injury, and often progress to multiorgan failure [4].

Arginine vasopressin deficiency (AVP-D, previously called central diabetes insipidus) may occur
and is thought to be caused by decreased levels of arginine vasopressin secondary to reduced
clearance of vasopressinase by the impaired liver [27]. Acute pancreatitis, which can be severe,
is rare and generally occurs in the setting of hepatic and renal dysfunction [28].

In cases of maternal hypovolemia combined with metabolic acidosis from liver injury,
uteroplacental perfusion is diminished and, in turn, tests of fetal well-being are frequently
nonreassuring [29].
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LABORATORY, IMAGING, AND HISTOLOGIC FINDINGS

Laboratory findings — All patients with acute fatty liver of pregnancy (AFLP) have elevations in
aminotransferases (aspartate aminotransferase or alanine aminotransferase), usually ranging
from 5 to 10 times the upper limit of normal ( table 1) [26]. Other laboratory findings that may
be present include:

* Elevated serum bilirubin levels

* Low serum glucose

* Elevated serum creatinine

* Elevated white blood cell count

* Elevated ammonia level

* Elevated urate level

* Prolonged prothrombin time, international normalized ratio, activated partial
thromboplastin time

* Increased thrombin time

* Reduced levels of coagulation inhibitors (eg, antithrombin)

* Low platelet count

* Low fibrinogen

* Fragmented red blood cells and burr cells

* Proteinuria

* Low cholesterol

Note: In normal pregnancy, the mean platelet count is slightly lower than in nonpregnant
females, but usually remains within the normal range. Pregnancy is also associated with
leukocytosis: The neutrophil count begins to increase in the second month of pregnancy and
plateaus in the second or third trimester, at which time white blood cell counts range from 9000
to 15,000 cells/microL. The physiologic increase in the glomerular filtration rate during
pregnancy results in a decrease in serum creatinine concentration, which falls by an average of
0.4 mg/dL (35 micromol/L) to a normal range of 0.4 to 0.8 mg/dL (35 to 70 micromol/L)

(  table 2).

Imaging — Radiologic findings thought to be characteristic of AFLP have been described in
small case series and reports. Ultrasound of the liver may show nonspecific changes, including
fatty infiltration or brightness but this is not diagnostic [26,30]. Other imaging modalities
maybe more specific. For example, in one report of five patients with AFLP, serial magnetic
resonance imaging (MRI) showed a transient increase in detectable fat (ie, >5 percent MRI-
proton density fat fraction) that resolved within two weeks after delivery [31]. In a retrospective
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study of 19 patients with AFLP who underwent at least one imaging study, fatty infiltration of
the liver was found on ultrasound in three of 11 patients, on computed tomography (CT) in five
of 10 patients, and on MRI in none of five patients; three patients with normal ultrasound scans
subsequently had fatty filtration seen on CT [32]. (See 'Diagnostic evaluation' below.)

Histologic findings — Biopsy is rarely needed for diagnosis or management. If performed,
microvesicular fatty infiltration of swollen hepatocytes is strongly suggestive of AFLP [33,34].
The fat droplets surround centrally located nuclei, giving the cytoplasm a foamy appearance.
The fatty infiltration is prominent in central and mid zonal parts of the lobule and usually spares
a sharply defined rim of cells around the portal tracts [35]. Tissue should be set aside at the
time of the procedure for special stains (oil red O on frozen section, or electron microscopy) for
confirmation of diagnosis in patients without evident vacuolization (  picture 1) [36,37].

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of acute fatty liver of pregnancy (AFLP) primarily involves the
syndrome of hemolysis, elevated liver enzymes, and a low platelet count (HELLP) and
preeclampsia with severe features ( table3and table 1) [38]. There is a large clinical
overlap between AFLP, HELLP syndrome, and severe preeclampsia [39]. Adding to the
complexity, a patient may have both AFLP and HELLP or preeclampsia with severe features.

Hypertension is present in essentially 100 percent of patients with preeclampsia, 85 percent of
patients with HELLP, and up to about 50 percent of patients with AFLP. Severe symptoms and
signs of hepatic insufficiency such as hypoglycemia, encephalopathy, ascites and coagulopathy
are more consistent with AFLP than HELLP or severe preeclampsia. AFLP is the most common
cause of acute liver failure in pregnancy [40]. Multi-organ involvement, especially concurrent
renal failure, is more common with AFLP than HELLP or severe preeclampsia, while
hypertension and proteinuria are often more severe in HELLP and severe preeclampsia.

In addition, non-pregnancy-related causes of abnormal liver chemistries need to be assessed,
such as hepatitis (ie, hepatitis B virus, herpes simplex virus, hepatitis E virus, autoimmune),
gallstone disease, Budd-Chiari syndrome and acetaminophen or other drug-induced liver injury.

Differential diagnosis is discussed in more detail separately. (See "Hypertensive disorders in
pregnancy: Approach to differential diagnosis".)

DIAGNOSTIC EVALUATION
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Pregnant patients in the second half of pregnancy who present with nausea, vomiting,
abdominal pain, malaise, hypertension, headache, and/or anorexia should be evaluated for
acute fatty liver of pregnancy (AFLP), severe preeclampsia, and hemolysis, elevated liver
enzymes, and a low platelet count (HELLP) syndrome, as well as other disorders associated with
these nonspecific symptoms (eg, hepatitis and other viruses, acetaminophen poisoning), when
clinically appropriate.

The initial work-up includes maternal vital signs, cognitive assessment for encephalopathy, and:

¢ Complete blood count

* Creatinine

* Glucose

* Alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
* Lactate dehydrogenase

* Bilirubin

* Urate

* Urine protein (protein:creatinine ratio or 24-hour urine protein)

* Prothrombin time, international normalized ratio

For patients with signs of liver failure (eg, encephalopathy, jaundice, coagulopathy) or ALT =5
times the upper limit of normal, additional laboratory study is performed urgently, including
ammonia.

The role of imaging for patients with suspected AFLP is uncertain. While some imaging
modalities may be more specific than noncontrast ultrasound, MRI and computed tomography
(CT) should be used judiciously because the safety of MRI in pregnancy is not as well established
as for ultrasound and CT exposes the mother and fetus to ionizing radiation [1,41]. (See
'Imaging' above and "Diagnostic imaging in pregnant and lactating patients".)

For pregnant patients with suspected biliary tract disease (eg, cholestatic pattern of liver
biochemical tests), abdominal imaging with noncontrast ultrasound is typically performed [1].
(See "Approach to the patient with abnormal liver biochemical and function tests", section on
'Evaluation of elevated alkaline phosphatase'.)

Role of liver biopsy — Liver biopsy is not necessary for the diagnosis of AFLP in nearly all
patients. It is reserved for rare cases in which the diagnosis is in doubt and the results will affect
patient care (eg, for patients with persistent liver failure postpartum who are being evaluated
for liver transplantation). Stabilization of the mother and emergency delivery of the fetus should
not be delayed for liver biopsy in patients whose clinical presentation and laboratory findings
are compatible with AFLP [25]. If liver biopsy is performed in a patient with coagulopathy, a
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transjugular approach is used because it carries a lower risk of bleeding compared with
percutaneous liver biopsy [26]. (See "Transjugular liver biopsy".)

DIAGNOSIS

A presumptive diagnosis of acute fatty liver of pregnancy (AFLP) is usually made clinically based
upon the presence of characteristic symptoms (nausea, vomiting, abdominal pain, malaise,
and/or anorexia) in a pregnant woman with significant hepatic dysfunction in the second half of
pregnancy, after other potential causes of these findings have been excluded. There is a large
clinical overlap between AFLP, HELLP syndrome, and severe preeclampsia, and it is sometimes
impossible to differentiate among them. Multisystem involvement, including acute kidney
injury, encephalopathy, coagulopathy, pancreatitis, pulmonary edema, and/or adult respiratory
distress syndrome, strengthens the diagnosis of AFLP [42-44]. (See 'Laboratory findings' above
and 'Differential diagnosis' above.)

In addition, diagnosis of AFLP does not exclude another diagnosis of pregnancy-induced liver
disease.

Small studies have identified biomarkers that could potentially contribute to diagnostic
evaluation [45,46]; however, biomarkers are not routinely used in clinical practice.

Findings on imaging may support the diagnosis, but imaging is not required in all patients with
suspected AFLP. (See 'Diagnostic evaluation' above.)

Swansea criteria — The Swansea criteria, which include symptoms, laboratory findings, and
imaging, are a diagnostic model for AFLP that have been validated in a cohort study where the
incidence of AFLP was 5.0 cases per 100,000 births [3,471].

The Swansea criteria are listed below [3,26,48]. The number of criteria needed for a positive
diagnosis has varied from six to nine in research studies, and the criteria are intended for use in
patients without hemolysis, elevated liver enzymes, and a low platelet count (HELLP) syndrome
or preeclampsia, which limits their clinical utility [26,49].

* Signs and symptoms

« Vomiting

» Abdominal pain
 Polydipsia/polyuria
» Encephalopathy
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* Laboratory findings

* Elevated bilirubin (>0.8 mg/dL or >14 micromol/L)

» Hypoglycemia (glucose <72 mg/dL or <4 mmol/L)

» Leukocytosis (>11,000 cells/microl)

» Elevated transaminases (AST or ALT) (>42 international unit/L)
* Elevated ammonia (>47 micromol/L)

* Elevated urate (5.7 mg/dL or >340 micromol/L)

» Acute kidney injury, or creatinine >1.7 mg/dL (150 micromol/L)
» Coagulopathy or prothrombin time >14 seconds

* Imaging: Ascites or bright liver on ultrasound scan
* Histology: Microvesicular steatosis on liver biopsy

When the Swansea criteria were applied to a cohort of 24 patients with suspected pregnancy-
related liver disease who underwent biopsy, the presence of 26 abnormal variables had positive
predictive value of 85 percent and negative predictive value of 100 percent for finding
microvesicular steatosis [47].

INITIAL MANAGEMENT

Initial management of the patient with acute fatty liver of pregnancy (AFLP) includes prompt
delivery of the fetus, regardless of gestational age, because delivery initiates resolution of this
life-threating disease. Medical treatment is provided to stabilize the mother while the liver
recovers. Although it may not be possible to distinguish between AFLP, HELLP syndrome, and
preeclampsia with severe features, the clinical management is the same (prompt delivery,
maternal support) for the three diagnoses, and delivery should not be delayed while attempting
to ascertain the underlying disorder.

Patients with signs of acute liver failure (eg, coagulopathy, encephalopathy) are transferred to a
referral center for liver transplantation evaluation. Although most patients improve after
delivery, transfer is required to avoid delay in liver transplantation evaluation and listing and to
reduce risk of adverse outcomes. Management of patients with acute liver failure is discussed
separately. (See "Acute liver failure in adults: Management and prognosis" and "Liver
transplantation in adults: Patient selection and pretransplantation evaluation".)

Components of pregnancy management include:
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* Assessing for multi-organ dysfunction and severity of liver dysfunction - After a
presumptive diagnosis of AFLP is made, close laboratory monitoring is important because
these patients are at risk for multi-organ failure in addition to acute liver failure [50]:

Complete blood count

» Comprehensive metabolic panel (which should include transaminases, bilirubin,
creatinine, blood urea nitrogen, electrolytes, glucose)

« Ammonia

Prothrombin time, partial thromboplastin time, fibrinogen

Amylase, lipase

In addition to monitoring laboratory studies, we follow the Model for End-stage Liver
Disease (MELD) score because high MELD score (particularly MELD =30) was associated
with increased risk of maternal complications [51]. (See "Model for End-stage Liver Disease
(MELD)".)

* Critical care support - The care of these patients requires a multidisciplinary team
including maternal-fetal medicine, obstetric anesthesia, hepatology, neonatology, and a
blood bank. Patients often require monitoring in an intensive care unit with close attention
to their fluid status because aggressive fluid replacement in the setting of low plasmatic
oncotic pressure can lead to pulmonary edema [4]. Patients are monitored by following
physical examination with mental status assessment, pulse oximetry, and fluid balance,
including urinary output. The use of invasive hemodynamic monitoring is balanced
against the increased risk for bleeding in the setting of coagulopathy. However, if central
venous access is necessary, use of an internal jugular approach with ultrasound guidance
may decrease the risk of complications. The indications for central venous access and the
approach to patients with coagulopathy and/or thrombocytopenia who require catheter
placement are discussed separately. (See "Central venous access in adults: General
principles".)

Mental status should be evaluated since they are at risk of encephalopathy. Mechanical
ventilation may be needed for management of acute respiratory distress syndrome.

* Monitoring for and treatment of hypoglycemia - Plasma glucose concentration
assessment should be done at six to eight hour intervals if the initial serum glucose is
normal. If the glucose concentration is trending downward, more frequent monitoring is
needed, in addition to evaluation for liver transplantation [2]. A continuous infusion of a 10
percent dextrose solution is administered, as needed to maintain a plasma glucose
concentration above 65 mg/dL (3.6 mmol/L). Hypoglycemia is a common manifestation of
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acute liver failure. (See "Acute liver failure in adults: Management and prognosis", section

on 'Metabolic abnormalities'.)

* Monitoring for and treatment of coagulopathy - Coagulopathy is one of the most

sensitive assessments of hepatic function. Platelet count, international normalized ratio,
partial thromboplastin time, and fibrinogen levels are obtained every four to six hours

until the patient beings to stabilize and improve. Worsening coagulopathy is an indication

for expedited liver transplant evaluation. Management of disseminated intravascular
coagulation in pregnancy is described in detail separately. (See "Disseminated

intravascular coagulation (DIC) during pregnancy: Management and prognosis", section

on 'Blood products'.)

* Fetal monitoring - The fetal heart rate should be monitored continuously; abnormal fetal

heart rate patterns would impact the urgency of delivery. (See "Intrapartum category I, II,

and III fetal heart rate tracings: Management".)

* Magnesium sulfate - In pregnancies <32 weeks of gestation, magnesium sulfate is
administered until delivery to reduce the risk of cerebral palsy and severe motor
dysfunction in offspring. Magnesium sulfate is also administered in patients with
preeclampsia with severe features to prevent eclampsia regardless of gestational age.
Dosing should be adjusted in patients with renal insufficiency. (See "Neuroprotective

effects of in utero exposure to magnesium sulfate" and "Preeclampsia: Intrapartum and

postpartum management and long-term prognosis”, section on 'Dosing'.)

* Other therapies - Data from case series suggested that therapeutic plasma exchange

(TPE) may be an option for patients with progressive disease despite delivery [52]. TPE
should not delay liver transplantation in patients with acute liver failure.

DELIVERY

Once a patient is diagnosed with acute fatty liver of pregnancy, plans should be made to
proceed with prompt delivery. The route of delivery is contingent on the rate and degree of
maternal/fetal decompensation and the probability of successful vaginal birth.

Labor induction is a reasonable option if standard tests for fetal well-being are reassuring,
vaginal birth is likely to be accomplished within 24 hours, and the disease is not rapidly
progressing within that time frame. Cervical ripening agents can be used if the cervix is
unfavorable. (See "Induction of labor: Techniques for preinduction cervical ripening".)
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If accomplishing a successful vaginal birth within 24 hours is unlikely, and there is concern
about rapidly progressing maternal/fetal decompensation, then performing a cesarean delivery
rather than induction is reasonable. In one review, the cesarean delivery rate was 66.7 percent
(298/447) [29]. However, the mother should be stabilized before surgery, with special attention
given towards correcting any coagulopathy [6]. (See "Disseminated intravascular coagulation
(DIC) during pregnancy: Clinical findings, etiology, and diagnosis".)

Neuraxial anesthesia for labor and/or delivery may not be possible in patients with
coagulopathy. The threshold platelet count for performing neuraxial techniques varies among
clinicians, and is individualized based on patient factors. (See "Adverse effects of neuraxial
analgesia and anesthesia for obstetrics", section on 'Neuraxial analgesia and low platelets'.)

POSTPARTUM MANAGEMENT

Maternal monitoring and course — The three major causes of maternal morbidity and
mortality are hemorrhage, liver failure, and acute kidney injury [29]. Over the past several
decades, maternal mortality rates have decreased from >75 percent to <5 percent
[3,4,37,53,54]. This improvement has been attributed to multiple factors: earlier diagnosis of
acute fatty liver of pregnancy (AFLP), prompt delivery, and advances in critical care [26].

In most patients, AFLP usually resolves completely after delivery, with return of normal liver
function within 7 to 10 days [4]. Liver function and coagulopathy typically begin to improve
within days after delivery. A transient worsening of liver and renal functions and coagulopathy
peripartum have been reported, reinforcing the need for continued monitoring following
delivery [4].

We check liver chemistries, creatinine, and coagulation tests every six hours until we observe a
clear downward trend, at which point the frequency of testing is reduced. Some patients have a
prolonged course with multi-organ failure, requiring supportive management in an intensive
care unit, including mechanical ventilation, dialysis for acute renal failure, nutritional support
because of associated pancreatitis, or transfusion of blood products for ongoing hemolysis or
postpartum hemorrhage from atony or incisional bleeding [1]. Management of these patients is
the same as other adult patients with acute liver failure or postpartum hemorrhage, and is
discussed in detail separately. (See "Acute liver failure in adults: Management and prognosis"
and "Postpartum hemorrhage: Medical and minimally invasive management".)

Liver transplantation for fulminant hepatic failure caused by AFLP has been reported, but
transplantation is unlikely to be needed with early diagnosis, supportive care, and prompt
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delivery of the fetus [25,55,56]. There are also reports of plasma exchange being used following
delivery in patients who fail to improve with delivery and supportive care within two to eight
days [57].

Long-term maternal consequences of AFLP are uncertain as most studies have not followed
patients beyond the immediate postpartum phase of the illness, and the disease is rare [26].
Limited data suggest that there are no sequelae of the liver disease itself [4,26,58].

Genetic testing — Given the association between LCHAD deficiency in the fetus and AFLP in the
mother, children born to mothers with AFLP should be monitored for manifestations of LCHAD
deficiency, especially hypoglycemia. Molecular testing for long-chain 3-hydroxyacyl CoA
dehydrogenase (LCHAD) in infants is performed because early diagnosis of LCHAD deficiency in
the newborn can be life-saving [59,60]. Testing should be coordinated with a metabolic or
genetic specialist. If the newborn has a positive test for LCHAD deficiency, the mother and
father are screened. If they are positive, family screening may be indicated.

At a minimum, testing for the G1528C mutation should be performed since it is most common.
If the patient tests negative for this mutation, LCHAD deficiency is still possible since it may be
caused by a number of other mutations. In this setting, we suggest testing for other defects in
fatty acid oxidation (eg, medium-chain acyl CoA dehydrogenase, short-chain acyl-CoA
dehydrogenase) [10,18]. (See "Overview of fatty acid oxidation disorders" and "Specific fatty acid
oxidation disorders".)

A list of laboratories that provide genetic testing is available at  Genetic Testing Registry.

Perinatal outcome — AFLP is associated with an increased risk of perinatal mortality and
morbidity [3,4]. It is likely then that the majority, if not all, fetal and neonatal deaths are
secondary to maternal decompensation and/or preterm birth. Maternal acidosis is associated
with a reduction in uterine blood flow, which can result in fetal hypoxia, and ultimately fetal
asphyxia. In the setting of LCHAD deficiency, the unoxidized fatty acids are transferred to the
mother through the placenta, rather than accumulating in the fetus, and thus are not a direct
cause of fetal demise.

If no fatty acid oxidation defect is identified in the infant, offspring of mothers with AFLP appear
to have no long-term adverse effects from the disorder itself. If a fatty acid oxidation defect is
identified in the infant, long-term prognosis depends upon the clinical manifestations of the
defect, which can range from mild to severe (  table 4) [10,26,61]. Clinical presentation and
prognosis of disorders of fatty acid oxidation are discussed separately. (See "Overview of fatty
acid oxidation disorders".)
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Recurrence in subsequent pregnancies — AFLP has been reported in subsequent
pregnancies, even if testing for LCHAD deficiency mutation is negative; however, the exact risk
of recurrence is unknown [14,49,62-66].

Affected patients should be counseled about the possibility of recurrence if they are considering
future pregnancy. Such patients should be co-managed with a maternal-fetal medicine
specialist.

Patients with a history of AFLP should be closely monitored in a subsequent pregnancy. They
should be advised to seek medical attention if they develop any signs or symptoms of AFLP (eg,
malaise, new onset nausea and vomiting, headache, upper abdominal pain, jaundice). In
addition to routine prenatal care (weight, blood pressure, urine dipstick), they should be asked
about signs and symptoms of AFLP, examined for jaundice, and undergo frequent laboratory
screening. If AFLP previously occurred in the third trimester, we obtain labs (eg, aspartate
aminotransferase, alanine aminotransferase, blood urea nitrogen/creatinine, prothrombin
time/activated partial thromboplastin time) at the initial prenatal visit, once again in the second
trimester, then at every visit in the third trimester. In the third trimester, visits are scheduled
every one to two weeks and weekly after 34 weeks. If AFLP previously occurred in the second
trimester, we begin this surveillance approximately one month before the gestational age of the
previous diagnosis.

SUMMARY AND RECOMMENDATIONS

* Epidemiology and risk factors - Acute fatty liver of pregnancy (AFLP), characterized by
maternal liver dysfunction and microvesicular fatty infiltration of hepatocytes, is rare, with
an approximate incidence of 1 in 7000 to 20,000 deliveries. Risk factors include multiple
gestation, prior history of AFLP, and male sex of the fetus. (See 'Epidemiology and risk
factors' above.)

* Patient presentation - AFLP typically presents between the 30" and the 38 gestational
week, although it is not always diagnosed prior to delivery. The initial symptoms of AFLP
may be nonspecific (eg, nausea, vomiting, abdominal pain, malaise, and/or anorexia).
However, patients may develop manifestations of acute liver failure including jaundice,
encephalopathy, coagulopathy and/or hypoglycemia. (See 'Patient presentation' above.)

* Diagnostic evaluation - The diagnosis of AFLP is usually made clinically, based upon the
presentation and compatible laboratory results. Laboratory tests that support the

https://www-uptodate-com.ezproxy.sastudents.uwi.tt/contents/acute-fatty-liver-of-pregnancy/print?search=Acute fatty liver of pregnancy&source=se... 13/43


https://www-uptodate-com.ezproxy.sastudents.uwi.tt/contents/acute-fatty-liver-of-pregnancy/abstract/14,49,62-66

10/15/23, 5:01 PM Acute fatty liver of pregnancy - UpToDate

diagnosis include the following (see 'Diagnostic evaluation' above and 'Laboratory
findings' above):

 Elevated aminotransferases (5 to 10 times the upper limit of normal)
* Elevated serum bilirubin

* Elevated prothrombin time

* Elevated urate level

* Elevated ammonia level

* Elevated creatinine

* Elevated white blood cell count

» Low serum glucose

 Low fibrinogen

* Initial management - For patients with AFLP, initial management includes prompt
delivery of the fetus, regardless of gestational age. Treatment is otherwise largely
supportive with the goals of maternal stabilization and recovery of liver dysfunction. (See
'Initial management' above.)

* Pathogenesis - An enzyme deficiency associated with AFLP is fetal long-chain 3-
hydroxyacyl CoA dehydrogenase (LCHAD) deficiency that results in fetal fatty oxidation
defects. LCHAD catalyzes a step in beta-oxidation of mitochondrial fatty acids that forms 3-
ketoacyl-CoA from 3-hydroxyacyl-CoA. Homozygous deficient offspring cannot perform
this step and unmetabolized, long-chain fatty acids enter the maternal circulation. The
accumulation of long-chain 3-hydroxyacyl metabolites produced by the fetus or placenta is
toxic to the liver and may be the cause of maternal liver disease. (See 'Pathogenesis'
above.)

* Postpartum management - We suggest that all patients with AFLP and their children
undergo molecular testing for LCHAD, at least for the most common G1528C mutation.
Additional testing for other defects in fatty acid oxidation can be pursued if this mutation
is not detected. A list of laboratories that provide genetic testing is available at  Genetic
Testing Registry, and testing should be coordinated with a metabolic or genetic specialist.
(See 'Genetic testing' above.)

AFLP can recur in subsequent pregnancies, even if testing for LCHAD mutation is negative.
Patients with a history of AFLP who are contemplating another pregnancy should be co-
managed with a maternal-fetal medicine specialist. (See 'Recurrence in subsequent
pregnancies' above.)
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Clinical characteristics of liver diseases in pregnancy

Gestational Laboratory findin
Disease Symptoms New onset age at
ymp hypertension . 9 . Aminotransferase Othe
diagnosis levels
Hyperemesis | Persistent No Onset in the first | Abnormal liver = Bilire
gravidarum vomiting trimester. Often chemistries occur in norn
accompanied by continues into approximately 50% excel
weight loss the early second | of patients who are
exceeding 5% of trimester, but hospitalized
pre-pregnancy usually resolves | because of the
body weight by 20 weeks of disease. Alanine
and ketonuria gestation. aminotransferase
unrelated to (ALT) is typically
other causes. elevated to a
greater degree than
aspartate
aminotransferase
(AST). Values for
both are typically
only mildly elevated.
HELLP Most common Yes, in 85% of Onsetin the AST >2 times upper = Plate
syndrome symptom is cases second half of limit of normal for <100
(Hemolysis, abdominal pain pregnancy, local laboratory = LDH
Elevated and tenderness usually in the (usually >70 inter
Liver in the third trimester. international units
chemistries, midepigastrium, First recognition = units/L). Marked = Total
and Low right upper of disease may elevations in the >12
Platelets) quadrant, or be postpartum, setting of hepatic (20.5
below the usually within 48 | infarction. micre
sternum. Many hours of
. . = Ranc
patients also delivery. rote
have nausea, P .
" ratio
vomiting, and
. prote
malaise. )
crea
Headache,
i comt
visual changes,
and jaundice " Eleve
acid.
may occur but
are uncommon.
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Liver rupture is
rare.
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Preeclampsia | New-onset Yes, in 100% of Onsetin the Transaminase levels Plate
with severe cerebral or cases second half of =2 times upper limit <100
features visual pregnancy, of normal for a Serul
disturbance (eg, usually in the specific laboratory. >1.1
severe third trimester. micr
headache, Can also present twice
photopsia postpartum, base
[flashes of usually within 48 Ranc
light], hours of prote
scotomata [dark delivery. ratio
areas or gaps in prote
the visual field],
creat
altered mental
comt
status) and
severe, Elgva
persistent right acid.
upper quadrant
or epigastric
pain are most
common
symptoms.
Pulmonary
edema may
occur.
Intrahepatic Pruritus is the No Onset typically in = Serum Eleve
cholestasis cardinal sign, the late second aminotransferases bile ¢
of pregnancy = and ranges or the third are elevated in 60% Total
from mild to trimester. of cases, and usually bilire
intolerable. It is Transient first less than two times conc
often trimester the upper limit of are e
generalized, but symptoms have | normal, but may 25%
typically starts been linked to reach values greater over
and ovarian than 1000 case:
predominates hyperstimulation | international bilire
on the palms syndrome. units/L. rarel
and soles and is mg/c
worse at night.
Right upper
quadrant pain,
nausea, poor
appetite, sleep
deprivation, or
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steatorrhea may

occur.
Acute fatty Initial Yes, on occasion | Onsetusuallyin | Modest elevations, = Eleve
liver of symptoms may third trimester, up to 500 coun
pregnancy be nonspecific but the international " Eleve
(eg nausea, diagnosis has units/L. creat
vomiting, been made as )
. . = Eleve
abdominal pain, early as 22 level
malaise, and/or weeks of '
. , = Eleve
anorexia), but gestation and as
. ammr
patients may late as four days
develop after delivery. - ProIc.
manifestations PT/P
of acute liver = Decr
failure including plate
jaundice, = Decr
encephalopathy, glucc
coagulopathy = Decr
and/or antit
hypoglycemia. level.
= Decr
fibrir

HELLP syndrome likely represents a form of preeclampsia with severe features.

ALT: alanine aminotransferase; AST: aspartate aminotransferase; LDH: lactate dehydrogenase; WBC:
white blood cell.

Graphic 57913 Version 6.0
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Hematology

Erythropoietin (units/L)
Ferritin¥ (ng/mL)

Folate, red blood cell
(ng/mL)

Folate, serum (ng/mL)
Haptoglobin (mg/mL)
Hemoglobin¥ (g/dL)

Hematocrit" (%)

Iron, total binding
capacity ¥ (mcg/dL)

Iron, serum™ (mcg/dL)

Mean corpuscular
hemoglobin (pg/cell)

Mean corpuscular
volume (xm?)

Platelet (x109/L)

Mean platelet volume
(mcm?3)

Red blood cell count

(x10%/mm?3)

Red cell distribution

width (%)

White blood cell count

(x103/mm?3)
Neutrophils
(x103/mm?3)
Lymphocytes
(x103/mm3)

Reference intervals in pregnancy

Nonpregnant

females*

4 to 27
10 to 1502

150 to 450

5.4to0 18.0
25 to 250
12 to 15.8%
35.4to44.4

251 to 406

41 to 141

27 to 32

79 to 93

165to 415

6.4to 11.0

4.00 to 5.202

<14.5

3.5t0 9.1

1.4t04.6

0.7to 4.6

First
trimester

12to 25
6to 130

137 to 589

2.6 to 15.0
130443
11.6to 13.9
31.0to 41.0

278 to 403

72 to 143
30 to 32

81to 96

174 to 391

7.7to0 10.3

3.42 to 4.55

12.5to 14.1

5.7to 13.6

3.6to 10.1

1.1t0 3.6
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Second
trimester

8 to 67
2to 230

94 to 828

0.8 to 24.0
115450
9.7to0 14.8
30.0 to 39.0

Not reported

44t0 178
30 to 33

82 to 97

155 to 409

7.8t0 10.2

2.81to 4.49

13.4to 13.6

5.6to0 14.8

3.8t012.3

0.9to 3.9

Third
trimester

14 to 222
Oto 116

109 to 663

1.4to0 20.7
135465
9.5to 15.0
28.0t0 40.0

359 to 609

30to 193
29to 32

81to 99

146 to 429

8.2t010.4

2.71to04.43

12.7to 15.3

5.9to16.9
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1.0to0 3.6
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5,6, 1:
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Monocytes
(x103/mm?3)

Eosinophils
(x103/mm3)

Basophils
(x103/mm3)

Transferrin (mg/dL)

Transferrin, saturation
without iron (%)

Transferrin, saturation
with iron (%)

Hepcidin (ng/mL)

Coagulation

Antithrombin, functional
(%)

Factor V (%)
Factor VII (%)
Factor VIII (%)
Factor IX (%)
Factor XI (%)
Factor XII (%)

Fibrinogen (mg/dL)

Homocysteine (mmol/L)

International Normalized
Ratio

Partial thromboplastin
time, activated (seconds)

Plasminogen activator
inhibitor-1 (PAI-1)
antigen (pg/mL)

Plasminogen activator
inhibitor-1 (PAI-1) activity
(arbitrary units)

Prothrombin time
(seconds)

0.1to0 0.7

0to 0.6

0to 0.2

200 to 400
22 to 461

22 to 46"

Not reported

70to 130

50 to 150
50 to 150
50 to 150
50 to 150
50 to 150
50 to 150
211 to 496

4.4t010.8
0.9to 1.04°

26.3t0 394

17.3£5.7

9.3+1.9

12.7to 15.4

0.1to 1.1

0to 0.6

0to 0.1

254 to 344

Not
reported

Not
reported

4 to 97

89to 114

75t0 95

100 to 146
90 to 210
103to 172
80 to 127
78to 124

244 to 510

3.34to 11
0.86to0 1.08

23.0to0 38.9

17.7£1.9

9.0+0.8

9.7to 13.5

Acute fatty liver of pregnancy - UpToDate

0.1to 1.1

0to 0.6

0to 0.1

220 to 441
10to 44

18 to 92

6 to 36

78 to 126

72 to0 96
95to 153
97 to 312
154 to 217
82 to 144
90 to 151
291 to 538

2.0to 26.9
0.83to 1.02

22.9 to 38.1

Not reported

Not reported

9.5t0 134

0.1to1.4

0to 0.6

0to 0.1

288 to 530
5to 37

9to 98

1to43

82to 116

60 to 88
149 to 211
143 to 353
164 to 235
65to 123
129to 194
301 to 696

3.2to21.4
0.80to 1.09

22.6to 35.0

66.4+4.9

31.4+3.0

9.6to 12.9

14,18

14,18

98, 10I

17,19,
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17
17,25
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17
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Protein C, functional (%)
Protein S, total (%)
Protein S, free (%)

Protein S, functional
activity (%)

Tissue plasminogen
activator (ng/mL)

Tissue plasminogen
activator inhibitor-1
(ng/mL)

Activated protein C
resistance (APC-r)

D-Dimer (DDU) (ng/mL)

70to 130
70 to 140
70 to 140

65 to 140

1.6 to 138

4to43

2.12to0 5.00

<500

von Willebrand measurements

von Willebrand factor
antigen (%)

ADAMTS-13, von
Willebrand cleaving
protease

75to0 125

40 to 170*

Blood chemical constituents

Alanine
aminotransferase
(units/L)

Albumin (g/dL)

Alkaline phosphatase
(units/L)

Alpha-1 antitrypsin
(mg/dL)

Alpha-fetoprotein
(ng/mL)

Ammonia (microM)
Amylase (units/L)
Anion gap (mmol/L)

Aspartate
aminotransferase
(units/L)

7 to 41

4.1t05.34

33to 96

100 to 200

31+3.2
20to 96
7to 16
12 to 38

78 to 121
39to 105
34to 133

57 to 95

1.8t06.0

16 to 33

1.79to 4.75

200 to 900

62 to 318

40 to 160

3to 30

3.1to 5.1
17 to 88

225to0 323

24 to 83
13to 17
3to 23
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83to 133
27 to 101
19to 113

42 to 68

2.36t0 6.6

36to 55

1.00 to 2.83

200 to 1600

90 to 247

22to 135

2to 33

2.6t04.5
25t0 126

273 to 391

Approximately
130-400

16to 73
12to 16
3to33

67 to 135
33to 101
20to 65

16 to 42

3.34t09.20

67 to 92

1.61 to 5.00

400 to 500

84 to 422

38to 105

2to 25

2.3to4.2
38to 229

327 to 487

Approximately
130-590

27.3+£1.6
15 to 81
12to 16

4to 32

19, 25,
17, 25,
25,26

25

17,19,

17

104, 11

21-23,

20, 27,

20, 28

4,5,8,
108

29-32
4,5, 8,
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Bicarbonate (mmol/L)
Bilirubin, total (mg/dL)

Bilirubin, unconjugated
(mg/dL)

Bilirubin, conjugated
(mg/dL)

Bile acids (micromol/L)

CA 125 antigen
(units/mL)

Calcium, ionized (mg/dL)

Calcium, total (mg/dL)

Ceruloplasmin (mg/dL)
Chloride (mEqg/L)
Creatinine (mg/dL)

Gamma-glutamyl
transpeptidase (units/L)

Lactate dehydrogenase
(units/L)

Lead (microg/dL)
Lipase (units/L)

Magnesium (mg/dL)

Osmolality (mOsm/kg
H20)

Phosphate (mg/dL)

Potassium (mEg/L)

Prealbumin (mg/dL)
Protein, total (g/dL)

Sodium (mEq/L)

Urea nitrogen (mg/dL)
Uric acid (mg/dL)

22 to 30
0.3to 1.3
0.2to0 0.9

0.1t0 0.4

0.3to 4.8%

7.2t0 27.0

45t05.3
8.7t010.2

25t0 63
102 to 109
0.5t0 0.9%

9to 58

115 to 221

Not reported

3to43
1.5t02.3

275 to 295

2.5t04.3

3.5t05.0

17to 34
6.7 to 8.6

136 to 146

7 to 20
2.5to0 5.62

20to 24
0.1to 0.4
0.1to 0.5

0to 0.1

0to4.9

2/2 to 268

4.5t0 5.1

8.8to 10.6

30 to 49
101 to 105
0.4to 0.7

2to 23

78 to 433

6.8t07.7
21to 76
1.6to0 2.2

275 to 280

3.1t04.6

3.6t0 5.0

15to 27
6.2to07.6

133 to 148

7to12

2.0to4.2
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20to 24
0.1to 0.8
0.1to 0.4

0to 0.1

0to 9.1

12 to 25.1

44t05.0
8.2t09.0

40 to 53
97 to 109
0.4t0 0.8

4to 22

80 to 447

5.8t06.6
26 to 100
1.5t0 2.2

276 to 289

2.5t04.6

3.3t05.0

20 to 27
5.7t06.9

129 to 148

3to13
24t04.9

20to 24
0.1to 1.1

0.1t0 0.5

0to 0.1

0to11.3

16.8 to 43.8

44t05.3
8.2t09.7

43to 78
97 to 109
0.4t0 0.9

3to 26

82to 524

6.8t07.8
41to 112
1.1t0 2.2

278 to 280

2.8t04.6

3.3to0 5.1

14 to 23
5.6t0 6.7

130to 148

3to 11

3.1t0 6.3

4,29,
5,29

29

29,35

86, 87,

5,31,:

4,5, 3(
36-38

5,39
4,5, 4(
4,5, 4¢

4,5, 8,

4,5, 3.

110
33

4,5, 3(
36, 38

38, 41

4,5, 3(
42

4,5, 1!
32, 38,

5
5,31,:

4,5, 1!
32, 38,

4,5, 4
4,5, 4
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Adiponectin (ng/dL)

Aldosterone (ng/dL)

Angiotensin converting
enzyme (units/L)

Alpha-fetoprotein
(ng/mL)

Cortisol (mcg/dL)
Hemoglobin A, (%)
Iodine (urine, microg/dL)

Leptin (pg/mL)

Parathyroid hormone
(pg/mL)

Parathyroid hormone-
related protein (pmol/L)

Renin, plasma activity
(ng/mL/hour)
Thyroid-stimulating
hormone (milli-int.
units/mL)

[American Thyroid
Association
recommendation]**

Thyroxine-binding
globulin (mg/dL)

Thyroxine, free (ng/dL)
Thyroxine, total (mcg/dL)

Triiodothyronine, free
(pg/mL)

Triiodothyronine, total
(ng/dL)

Vitamins and minerals

Copper (mcg/dL)

Selenium (mcg/L)

Metabolic and endocrine tests

Not reported

2to9
9to 67

0to8.5

0to 25
4t06
Not reported

Not reported

8 to 51

<131

0.3t09.0"

0.34t0 4.25

1.3t0 3.0

0.8to 1.7
5.4to11.7

2.4to04.2

77 to 135

70 to 140
63 to 160

1141 to
13,499

6to 104
1to 38

Not
reported

7to 19
4to6
75 to 291

5594 to
166,097
10to 15
0.7t0 0.9
Not

reported

0.60 to 3.40

0.1to 2.5

1.8t0 3.2

0.8to 1.2
6.5to 10.1

41to04.4

97 to 149

112to0 199
116 to 146
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1205 to
16,035

9to 104
1to 36

50 to 425

10to 42
4t06
89to 316

1401 to

96,912

18 to 25

1.8t02.2

7.5t0 54.0

0.37 to 3.60

0.2to 3.0

2.8t04.0

0.6to 1.0
7.5t0 10.3

40to 4.2

117 to 169

165 to 221
75to 145

1428 to
13,857

15to 101
1to 39

50 to 590

12to 50
4to7
Not reported

3997 to
189,930
9to 26
2.5t02.8

5.9to0 58.8

0.38t0 4.04

0.3t0 3.0

2.6to4.2

0.5t0 0.8
6.3t09.7

Not reported

123 to 162

130 to 240
71to 133

111

43, 44,
39, 46

82,84

5,45
36, 47,
112

111

30

30

40, 44

4,5, 4

83

5,49
5,32

49

50, 51,
5,50
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Vitamin A (retinol)
(mcg/dL)

Vitamin B12 (pg/mL)

Vitamin C (ascorbic acid)
(mg/dL)

Vitamin D, 1,25-
dihydroxy (pg/mL)

Vitamin D, 24,25-
dihydroxy (ng/mL)

Vitamin D, 25-hydroxy
(ng/mL)

Vitamin E (a-tocopherol)
(mcg/mL)

Zinc (mcg/dL)

Autoimmune and inflammatory mediators

C3 complement (mg/dL)
C4 complement (mg/dL)

C-reactive protein (mg/L)

Erythrocyte
sedimentation rate
(mm/hour)

Immunoglobulin A
(mg/dL)

Immunoglobulin G
(mg/dL)

Immunoglobulin M
(mg/dL)

Procalcitonin (ng/mL)
Sex hormones

Dehydroepiandrosterone
sulfate (mmol/L)

Estradiol (pg/mL)
Progesterone (ng/mL)

Prolactin (ng/mL)

20 to 100

279 to 966
04to1.0

25to 45

0.5to0 5.07

14 to 80

5to 18

75t0 120

83to 177
16 to 47
0.2to 3.0

0 to 202

70 to 350

700 to 1700

50 to 300

Not reported

1.3t06.8"

<20 to 443291

<1 to 202

0 to 20

32to 47
118 to 438
Not
reported
20 to 65
1.2t0 1.8
18 to 27

7to13

57 to 88

62 to 98
18 to 36

Not
reported

4to 57

95 to 243

981 to 1267

78 to 232

0.03

2.0to 16.5

188 to 2497
8 to 48

36 to 213
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35to 44

130 to 656

Not reported

72 to 160

1.1to 1.5

10 to 22

10to 16

51 to 80

73to 103
18 to 34
0.4to 20.3

7 to 47

99 to 237

813 to 1131

74 to 218

0.04

09to7.8

1278 to 7192

110 to 330

29to 42

99 to 526
09to1.3

60 to 119

0.7t0 0.9

10to 18

13to 23

50to 77

77 to 111
22to 32
0.4 to 8.1

13to 70

112 to 250

678 to 990

85 to 269

0.05

0.8t0 6.5

614 to 3460
99 to 342

137 to 372

6,10

52

30, 36

53

30, 53

513!

54

55

113

56

56, 57

56, 57

30, 47,
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Sex hormone binding
globulin (nmol/L)

Testosterone (ng/dL)

17-hydroxyprogesterone
(nmol/L)

Lipids

Cholesterol, total

(mg/dL)
High-density
lipoprotein
cholesterol (mg/dL)
Low-density
lipoprotein
cholesterol (mg/dL)
Very-low-density
lipoprotein
cholesterol (mg/dL)

Triglycerides (mg/dL)

Apolipoprotein A-I
(mg/dL)

Apolipoprotein B (mg/dL)

Cardiac function

Cardiac output
(L/minute)

Cardiac index (L/min/m?)

Stroke volume (mL)

Stroke index (mL/m?)

Systemic vascular
resistance (dyns/cm?)

Echocardiography

Intraventricular septal
dimension (cm)

Posterior ventricular wall
dimension (cm)

18 to 1142

6 to 862

0.6 to 10.641

<200

40 to 60

<100

6to 401

<150
119 to 240

52 to 163

4.81t06.8

2.6to4.2
79 to 90

700 to 1600

0.7t0 0.9

0.75t0 0.9

39 to 131

25.7 to

211.4
5.2t0 28.5

141 to 210

40to 78

60 to 153

10to 18

40 to 159

111 to 150

58 to 81

5.6t09.7

3.2to 4.6

77.5t0
107.6

46 to 62
747 to 1485

0.63 to0 0.83

0.56 t0 0.8
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214to 717

34.3t0242.9

5.2t028.5

176 to 299

52 to 87

77 to 184

13 to 23

75 to 382
142 to 253

66 to 188

5.5t09.9

3.1to 4.7

70.3to 107.6

39to 62
692 to 1201

0.65to 0.85

0.59t0 0.9

216to 724

62.9 to 308.6

15.5t0 84

219 to 349

48 to 87

101 to 224

21to 36

131 to 453
145 to 262

85to 238

4.8t0 8.7

2.5t04.4
54 to 99

30to 42
1034 to 1201

0.66 to 0.9

0.59t0 0.9

56, 59

56

56

5, 60-€

5, 60-¢

5, 60-€

62

4,5, 6(

4,47, ¢

4,47, ¢

64, 65,
68

65, 68
65, 68,

65
65, 67,

68, 69,
90

68, 69,
90
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Left ventricular mass (g)

Left ventricular mass
index

E/A ratio

Left ventricular diastolic
diameter (cm)

Left ventricular systolic
diameter (cm)

Left vent, fractional
shortening (%)

Left vent ejection
fraction (%)

Diastolic function

Mitral E wave (m/second)
Mitral A wave (m/second)

Isovolumic relaxation
time (m/second)

Atrial natriuretic peptide
(pg/mL)

B-type natriuretic
peptide (pg/mL)

Creatine kinase (units/L)

Creatine kinase-MB
(units/L)

N-terminal pro-brain
natriuretic peptide
(pg/mL)

Troponin I (hs-TnI)

Blood gas

pH

PO, (mmHQ)

116 to 143

40to 78

1.4to1.75

4.3t04.8

2.8t0 3.1

35to 36

60to 73

0.77+0.11
0.4620.1

6910

Cardiac function (blood tests)

Not reported

<167 (age- and

gender-specific)

39 to 2384

<ghb

50+26

0to 1.0

7.38t07.42
(arterial)

90 to 100

108 to 167
53to 79

1.6

4.3t04.6

2.8t02.9

35to 37

61to 75

0.85+0.13
0.5+0.09

5010

Not
reported

18.4

27 to 83

60+45

0to 1.0

7.36to0 7.52
(venous)

93 to 100
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115to 150
58 to 82

1.4

4.4t04.9

28to34

3.5

61to 63

0.84+0.16
0.5+0.1

79+18

28.1to 70.1

13.5t0 29.5

25t0 75

60+40

0to 1.0

7.40to0 7.52
(venous)

90 to 98

128 to 162
60 to 88

1.3

5.1

2.8to3.3

35to 36

60 to 73

0.77+0.15
0.55+0.1

72+16

Not reported

15.5to 46

13 to 101

1.8to24

43134

0to1.0

7.41to 7.53
(venous)

7.39to0 7.45
(arterial)

92 to 107

68, 70,
68, 70,

68, 70

69, 70

69, 70

69, 70

69, 70

89, 90
89, 90
89, 90

73

71,72,

5,74
74

94, 11!

102

31,75

75,76
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PCO, (mmHg)

Bicarbonate (HCO3™)
(mEg/L)

Renal function tests

Effective renal plasma
flow (mL/minute)

Glomerular filtration rate
(GFR) (mL/minute)

Filtration fraction (%)

Osmolarity, urine
(mOsm/kqg)

24-h albumin excretion
(mg/24 hours)

24-h calcium excretion
(mmol/24 hours)

24-h creatinine clearance
(mL/minute)

24-h creatinine excretion
(mmol/24 hours)

24-h potassium excretion
(mmol/24 hours)

24-h protein excretion
(mg/24 hours)

24-h sodium excretion
(mmol/24 hours)

Pulmonary function tests

Forced vital capacity
(FVQ) (L)

Forced expiratory
volume in one second
(FEVT) (L)

Peak expiratory flow
(PEF) (L/second)

Tidal volume (L)

Minute ventilation (L)

38to 42

22 to 26

492 to 6964 T

106 to 1324

16.9to 24.7°°

500 to 800

<30

<7.51

91to 130

8.8t0 147

25to 1007

<150

100 to 2607

4.00+0.51

3.20+0.41

7.18+1.05

0.21 t0 0.48

2.27 t0 10.35

Not
reported

Not
reported

696 to 985

131 to 166

14.7 to 21.6
326 to 975

5to 15

1.6to5.2

69 to 140

10.6to 11.6

17 to 33

19to 141

53to 215

3.89+0.48

3.18+0.44

6.71£1.19

0.52+0.15
12.63+3.89
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Not reported

Not reported

612to 1170

135t0 170

14.3to0 21.9

278 to 1066

4t018

0.3t0 6.9

55to 136

10.3to 11.5

10 to 38

47 to 186

34to 213

3.92+0.48

3.16+0.39

6.92+1.13

0.54+0.15
13.05+3.55

25to 33

16 to 22

595 to 945

117 to 182

17.1 to 25.1
238 to 1034

3to 22

0.8to 4.2

50 to 166

10.2to 11.4

11to 35

46 to 185

37 to 149

4.00+0.53

3.20+0.43

7.19+£1.10

0.57+0.14
14.08+4.07

75

75

77,78

77,78,

77,78,
80

80, 81

15

15,78

80

15

81

15, 41

96

96

96

101
101
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A pregnancy laboratory reference interval is an approximation of what can be expected in the overall
healthy pregnant population. A value inside or outside of the interval does not necessarily indicate
the presence or absence of a disorder in an individual patient.

* Unless otherwise specified, all normal reference values are from the seventeenth edition of
Harrison's Principles of Internal Medicine!821,

9 Range includes references with and without iron supplementation.
A Normal reference range is specific range for females.

¢ Reference values are from Cerneca et al: Coagulation and fibrinolysis changes in normal
pregnancy increased levels of procoagulants and reduced levels of inhibitors during pregnancy
induce a hypercoagulable state, combined with a reactive fibrinolysist'1.

§ References values are from Cerneca et al and Choi et al: Tissue plasminogen activator levels
change with plasma fibrinogen concentrations during pregnancy!'7:191,

¥ Reference values are from Mannuci et al: Changes in health and disease of the metalloprotease
that cleaves von Willebrand factor(28],

1 Reference values are from Bacq Y et al: Liver function tests in normal pregnancy: a prospective
study of 102 pregnant women and 102 matched controls[?°1,

T Reference values are from the fifteenth edition of Harrison's Principles of Internal Medicine83],

** The American Thyroid Association recommends these TSH ranges if individual laboratories do not
determine their own trimester-specific reference ranges.

99 Range is for premenopausal females and varies by menstrual cycle phase.

AA Reference values are from Leiserowitz GS et al: Creatine kinase and its MB isoenzyme in the third
trimester and the peripartum period!741,

¢ ¢ Reference values are from Dunlop W: Serial changes in renal haemodynamics during normal
human pregnancy!’”1,

References:

1. Beguin Y, Lipscei G, Thourmsin H, et al: Blunted erythropoietin production and decreased erythropoiesis in early
pregnancy. Blood 78(1):89, 1991.

2. Bianco I, Mastropietro F, DAseri C, et al: Serum levels of erythropoietin and soluble transferrin receptor during
pregnancy in non-B-thalassemic and B-thalassemic women. Haematologica 85:902, 2000 [PMID: 10980626).

3. Milman N, Graudal N, Nielsen OJ: Serum erythropoietin during normal pregnancy: Relationship to hemoglobin and
iron status markers and impact of iron supplementation in a longitudinal, placebo-controlled study on 118 women.
Int | Hematol 66:159, 1997 [PMID: 9277046)].

4. Larsson A, Palm M, Hansson L-O, et al: Reference values for clinical chemistry tests during normal pregnancy. B/OG
115:874, 2008 [PMID: 18485166].

5. Lockitch G: Handbook of Diagnostic Biochemistry and Hematology in Normal Pregnancy. Boca Raton, FL, CRC Press,
1993.

6. Milman N, Bergholt T, Byg KE, et al: Reference intervals for haematological variables during normal pregnancy and
postpartum in 434 healthy Danish women. Eur | Haematol 79:39, 2007 [PMID: 17598837].

7. Romslo I, Haram K, Sagen N, et al: Iron requirement in normal pregnancy as assessed by serum ferritin, serum
transferring saturation and erythrocyte protoporphyrin determinations. Br | Obstet Gynaecol 90:101, 1983 [PMID:
6824608].

https://www-uptodate-com.ezproxy.sastudents.uwi.tt/contents/acute-fatty-liver-of-pregnancy/print?search=Acute fatty liver of pregnancy&source=se... 32/43



10/15/23, 5:01 PM Acute fatty liver of pregnancy - UpToDate

8.

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.
33.

https://www-uptodate-com.ezproxy.sastudents.uwi.tt/contents/acute-fatty-liver-of-pregnancy/print?search=Acute fatty liver of pregnancy&source=se...

Van Buul EJA, Steegers EAP, Jongsma HW, et al: Haematological and biochemical profile of uncomplicated pregnancy
in nulliparous women; a longitudinal study. Neth | Med 46:73, 1995.

. Milman N, Byg KE, Hvas AM, et al: Erythrocyte folate, plasma folate and plasma homocysteine during normal

pregnancy and postpartum: A longitudinal study comprising 404 Danish women. Eur | Haematol 76:200, 2006 [PMID:
16412135].

Walker MC, Smith GN, Perkins SL, et al: Changes in homocysteine levels during normal pregnancy. Am | Obstet
Gynecol 180:660, 1999 [PMID: 10076144].

Lépez-Quesada E, Vilaseca MA, Lailla JM: Plasma total homocysteine in uncomplicated pregnancy and in
preeclampsia. Eur | Obstet Gynecol Reprod Biol 108:45, 2003 [PMID: 19899161].

Ozerol E, Ozerol I, Gokdeniz R, et al: Effect of smoking on serum concentrations of total homocysteine, folate, vitamin
B12, and nitric oxide in pregnancy: A preliminary study. Fetal Diagn Ther 19:145, 2004.

Quist I, Abdulla M, Jdgerstad M, et al: Iron, zinc and folate status during pregnancy and two months after delivery.
Acta Obstet Gynecol Scand 65:15, 1986 [PMID: 3716775].

Balloch AJ, Cauchi MN: Reference ranges for haematology parameters in pregnancy derived from patient
populations. Clin Lab Haemat 15:7, 1993 [PMID: 8472501].

Singh HJ, Mohammad NH, Nila A: Serum calcium and parathormone during normal pregnancy in Malay women. |
Matern Fetal Med 8:95, 1999 [PMID: 10338062].

AzizKarim S, Khurshid M, Rizvi JH, et al: Platelets and leucocyte counts in pregnancy. | Pak Med Assoc 42:86, 1992.
Choi JW, Pai SH: Tissue plasminogen activator levels change with plasma fibrinogen concentrations during pregnancy.
Ann Hematol 81:611, 2002 [PMID: 12454697].

Belo L, Santos-Silva A, Rocha S, et al: Fluctuations in C-reactive protein concentration and neutrophil activation during
normal human pregnancy. Eur | Obstet Gynecol Reprod Biol 123:46, 2005 [PMID: 16260340].

Cerneca F, Ricci G, Simeone R, et al: Coagulation and fibrinolysis changes in normal pregnancy increased levels of
procoagulants and reduced levels of inhibitors during pregnancy induce a hypercoagulable state, combined with a
reactive fibrinolysis. Eur | Obstet Gynecol Reprod Biol 73:31, 1997 [PMID: 9175686].

Lattuada A, Rossi E, Calzarossa C, et al: Mild to moderate reduction of a von Willebrand factor cleaving protease
(ADAMTS-13) in pregnant women with HELLP microangiopathic syndrome. Haematologica 88(9):1029, 2003.
Francalanci I, Comeglio P, Liotta AA, et al: D-Dimer concentrations during normal pregnancy, as measured by ELISA.
Thromb Res 78:399, 1995 [PMID: 7660356].

Kline JA, Williams GW, Hernandez-Nino J: D-Dimer concentrations in normal pregnancy: New diagnostic thresholds are
needed. Clin Chem 51:825, 2005 [PMID: 15764641].

Morse M: Establishing a normal range for D-dimer levels through pregnancy to aid in the diagnosis of pulmonary
embolism and deep vein thrombosis. | Thromb Haemost 2:1202, 2004 [PMID: 15219216].

Liu XH, Jiang YM, Shi H, et al: Prospective, sequential, longitudinal study of coagulation changes during pregnancy in
Chinese women. Int | Gynaecol Obstet 105(3):240, 2009.

Lefkowitz /B, Clarke SH, Barbour LA: Comparison of protein S functional and antigenic assays in normal pregnancy.
Am | Obstet Gynecol 175:657, 1996 [PMID: 8828430)].

Faught W, Garner P, Jones G, et al: Changes in protein C and protein S levels in normal pregnancy. Am | Obstet
Gynecol 172:147, 1995 [PMID: 7847526].

Wickstrom K, Edelstam G, Léwbeer CH, et al: Reference intervals for plasma levels of fibronectin, von Willebrand
factor, free protein S and antithrombin during third-trimester pregnancy. Scand J Clin Lab Invest 64:31, 2004 [PMID:
13035697].

Mannucci PM, Canciani MT, Forza I, et al: Changes in health and disease of the metalloprotease that cleaves von
Willebrand factor. Blood 98(9):2730, 2001.

Bacq Y, Zarka O, Bréchot JF, et al: Liver function tests in normal pregnancy: A prospective study of 102 pregnant
women and 102 matched controls. Hepatology 23:1030, 1996 [PMID: 8621129].

Ardawi MSM, Nasrat HAN, BAAqueel HS: Calcium-regulating hormones and parathyroid hormone-related peptide in
normal human pregnancy and postpartum: A longitudinal study. Eur | Endocrinol 137:402, 1997 [PMID: 9368509].
Handwerker SM, Altura BT, Altura BM: Serum ionized magnesium and other electrolytes in the antenatal period of
human pregnancy. | Am Coll Nutr 15:36, 1996 [PMID: 8632112].

Hytten FE, Lind T: Diagnostic Indices in Pregnancy. Summit, NJ, CIBA-GEIGY Corporation, 1975.

Karsenti D, Bacq Y, Bréchot JF, et al: Serum amylase and lipase activities in normal pregnancy: A prospective case-
control study. Am J Gastroenterol 96:697, 2001 [PMID: 11280536].

33/43



10/15/23, 5:01 PM Acute fatty liver of pregnancy - UpToDate

34. Strickland DM, Hauth JC, Widish J, et al: Amylase and isoamylase activities in serum of pregnant women. Obstet
Gynecol 63:389, 1984 [PMID: 6199704].

35. Carter J: Serum bile acids in normal pregnancy. BJOG 98:540, 1991 [PMID: 1873244].

36. Mimouni F, Tsang RC, Hertzbert VS, et al: Parathyroid hormone and calcitriol changes in normal and insulin-
dependent diabetic pregnancies. Obstet Gynecol 74:49, 1989 [PMID: 2733941].

37. Pitkin RM, Gebhardt MP: Serum calcium concentrations in human pregnancy. Am J Obstet Gynecol 127:775, 1977
[PMID: 848531].

38. Shakhmatova EI, Osipova NA, Natochin YV: Changes in osmolality and blood serum ion concentrations in pregnancy.
Hum Physiol 26:92, 2000.

39. Louro MO, Cocho JA, Tutor JC: Assessment of copper status in pregnancy by means of determining the specific oxidase
activity of ceruloplasmin. Clin Chim Acta 312:123, 2001 [PMID: 11580917].

40. Dux S, Yaron A, Carmel A, et al: Renin, aldosterone, and serum-converting enzyme activity during normal and
hypertensive pregnancy. Gynecol Obstet Invest 17:252, 1984 [PMID: 6329926].

41. Davison JB, Vallotton MB, Lindheimer MD: Plasma osmolality and urinary concentration and dilution during and after
pregnancy: Evidence that lateral recumbency inhibits maximal urinary concentrating ability. BIOG 88:472, 1981
[PMID: 7236550].

42. Kato T, Seki K, Matsui H, et al: Monomeric calcitonin in pregnant women and in cord blood. Obstet Gynecol 92:241,
1998 [PMID: 9699759].

43. Elsheikh A, Creatsas G, Mastorakos G, et al: The renin-aldosterone system during normal and hypertensive pregnancy.
Arch Gynecol Obstet 264:182, 2001 [PMID: 11205704].

44. Kim EH, Lim JH, Kim YH, et al: The relationship between aldosterone to renin ratio and RI value of the uterine artery in
the preeclamptic patient vs. normal pregnancy. Yonsei Med | 49(1):138, 2008.

45. Suri D, Moran J, Hibbard JU, et al: Assessment of adrenal reserve in pregnancy: Defining the normal response to the
adrenocorticotropin stimulation test. / Clin Endocrinol Metab 91:3866, 2006 [PMID: 16895954].

46. Parente JV, Franco JG, Greene LJ, et al: Angiotensin-converting enzyme: Serum levels during normal pregnancy. Am J
Obstet Gynecol 135:586, 1979 [PMID: 228554].

47. Montelongo A, Lasuncién MA, Pallardo LF, et al: Longitudinal study of plasma lipoproteins and hormones during
pregnancy in normal and diabetic women. Diabetes 41:1651, 1992 [PMID: 1446807].

48. Radder JK, Van Roosmalen J: HbAIC in healthy, pregnant women. Neth | Med 63:256, 2005 [PMID: 16093576].

49. Price A, Obel O, Cresswell J, et al: Comparison of thyroid function in pregnant and non-pregnant Asian and western
Caucasian women. Clin Chim Acta 208:91, 2001.

50. Alvarez SI, Castafién SG, Ruata MLC, et al: Updating of normal levels of copper, zinc and selenium in serum of
pregnant women. J Trace Elem Med Biol 21(S1):49, 2007.

51.Ilhan N, Ilhan N, Simsek M: The changes of trace elements, malondialdehyde levels and superoxide dismutase
activities in pregnancy with or without preeclampsia. Clin Biochem 35:393, 2002 [PMID: 12270770].

52. Sharma SC, Sabra A, Molloy A, et al: Comparison of blood levels of histamine and total ascorbic acid in pre-eclampsia
with normal pregnancy. Hum Nutr Clin Nutr 38C:3, 1984.

53. Reiter EO, Braunstein GD, Vargas A, et al: Changes in 25-hydroxyvitamin D and 24,25-dihydroxyvitamin D during
pregnancy. Am J Obstet Gynecol 135:227, 1979 [PMID: 474676].

54. Hwang HS, Kwon JY, Kim MA, et al: Maternal serum highly sensitive C-reactive protein in normal pregnancy and pre-
eclampsia. Int | Gynecol Obstet 98:105, 2007 [PMID: 17588579].

55. van den Broek NR, Letsky EA: Pregnancy and the erythrocyte sedimentation rate. Br | Obstet Gynaecol 108:1164, 2001.

56. O'Leary P, Boyne P, Flett P, et al: Longitudinal assessment of changes in reproductive hormones during normal
pregnancy. Clin Chem 35(5):667, 1991.

57. Carranza-Lira S, Herndndez F, Sdnchez M, et al: Prolactin secretion in molar and normal pregnancy. Int | Gynaecol
Obstet 60:137, 1998 [PMID: 9509951].

58. Larrea F, Méndez I, Parra A: Serum pattern of different molecular forms of prolactin during normal human
pregnancy. Hum Reprod 8:1617, 1993 [PMID: 83008176].

59. Acromite MT, Mantzoros CS, Leach RE, et al: Androgens in preeclampsia. Am | Obstet Gynecol 180:60, 1999 [PMID:
9914579].

60. Belo L, Caslake M, Gaffney D, et al: Changes in LDL size and HDL concentration in normal and preeclamptic
pregnancies. Atherosclerosis 162:425, 2002 [PMID: 11996963].

61. Desoye G, Schweditsch MO, Pfeiffer KP, et al: Correlation of hormones with lipid and lipoprotein levels during normal
pregnancy and postpartum. J Clin Endocrinol Metab 64:704, 1987 [PMID: 3546352].

https://www-uptodate-com.ezproxy.sastudents.uwi.tt/contents/acute-fatty-liver-of-pregnancy/print?search=Acute fatty liver of pregnancy&source=se... 34/43



10/15/23, 5:01 PM Acute fatty liver of pregnancy - UpToDate

62. Jimenez DM, Pocovi M, Ramon-Cajal J, et al: Longitudinal study of plasma lipids and lipoprotein cholesterol in normal

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

https://www-uptodate-com.ezproxy.sastudents.uwi.tt/contents/acute-fatty-liver-of-pregnancy/print?search=Acute fatty liver of pregnancy&source=se...

pregnancy and puerperium. Gynecol Obstet Invest 25:158, 1988 [PMID: 3391425].

Piechota W, Staszewski A: Reference ranges of lipids and apolipoproteins in pregnancy. Eur | Obstet Gynecol Reprod
Biol 45:27, 1992 [PMID: 1618359].

Rang S, van Montfrans GA, Wolf H. Serial hemodynamic measurement in normal pregnancy, preeclampsia, and
intrauterine growth restriction. Am J Obstet Gynecol. 198(5):519.e1-9, 2008 PMID: 18279824.

Moertl MG, Ulrich D, Pickel K, et al: Changes in haemodynamic and autonomous nervous system parameters
measured non-invasively throughout normal pregnancy. Eur | Obstet Gynecol Reprod Biol. 144 Suppl 1:5179-83. 2009
PMID: 19285779.

Pandey Ak, Das A, Srinivas C, et al: Maternal myocardial performances in various stages of pregnancy and post-
partum. Research Jour of Cardiology 3(1):9-16, 2010.

Lees M. Central circulatory responses in normotensive and hypertensive pregnancy. Postgrad Med J. 55(643): 311-314,
1979. PMCID: PM(C2425449.

Poppas A, Shroff SG, Korcarz CE, et al: Serial assessment of the cardiovascular system in normal pregnancy: Role of
arterial compliance and pulsatile arterial load. Circulation 95:2407-2415, 1997.

Katz R, Karliner JS, Resnik R: Effects of a natural volume overload state (pregnancy) on left ventricular performance in
normal human subjects. Circulation 58: 434-441, 1978.

Mesa A, Jessurun C, Hernandez A, et al: Left ventricular diastolic function in normal human pregnancy. Circulation
99:511-517, 1999.

Resnik JL, Hong C, Resnik R, et al: Evaluation of B-type natriuetic peptide (BNP) levels in normal and preeclamptic
women. Am | Obstet Gynecol 193:450-458, 2005.

Hamid RR, Larsson A, Pernow J, et al: Assessment of left ventricular structure and function in preeclampsia by
echocardiography and cardiovascular biomarkers. | Hypertens 27L2257-2264, 20009.

Borghi CB, Esposti DD, Immordino V, et al: Relationship of systemic hemodynamics, left ventricular structure and
function, and plasma natriuretic peptide concentrations during pregnancy complicated by preeclampsia. Am J Obstet
Gynecol 183:140, 2000 [PMID: 10920322].

Leiserowitz GS, Evans AT, Samuels §J, et al: Creatine kinase and its MB isoenzyme in the third trimester and the
peripartum period. | Reprod Med 37:910, 1992 [PMID: 1460608].

Fadel HE, Northrop G, Misenhimer HR, et al: Acid-base determinations in amniotic fluid and blood of normal late
pregnancy. Obstet Gynecol 53:99, 1979 [PMID: 32503].

Spiropoulos K, Prodromaki E, Tsapanos V: Effect of body position on PaO2 and PaCO2 during pregnancy. Gynecol
Obstet Invest 58:22, 2004 [PMID: 15028865].

Dunlop W: Serial changes in renal haemodynamics during normal human pregnancy. Br | Obstet Gynaecol 88:1, 1981
[PMID: 7459285].

Ezimokhai M, Davison JM, Philips PR, et al: Non-postural serial changes in renal function during the third trimester of
normal human pregnancy. Br | Obstet Gynaecol 88:465, 1981 [PMID: 7236549].

Moran P, Baylis PH, Lindheimer, et al: Glomerular ultrafiltration in normal and preeclamptic pregnancy. | Am Soc
Nephrol 14:648, 2003 [PMID: 12595500].

Risberg A, Larsson A, Olsson K, et al: Relationship between urinary albumin and albumin/creatinine ratio during
normal pregnancy and pre-eclampsia. Scand J Clin Lab Invest 64:17, 2004 [PMID: 15025425].

Higby K, Suiter CR, Phelps JY, et al: Normal values of urinary albumin and total protein excretion during pregnancy.
Am J Obstet Gynecol 171:984, 1994 [PMID: 7943114].

Kratz A, Pesce MA, Basner RC, Einstein AJ. Appendix: Laboratory values of clinical importance. In: Longo DL, Fauci AS,
Kasper DL, et al (Eds). Harrison's Principles of Internal Medicine, 18th ed, McGraw-Hill, New York 2012. Appendix 1, p
A-1.

Stagnaro-Green A, Abalovich M, Alexander E, et al. Guidelines of the American Thyroid Association for the diagnosis
and management of thyroid disease during pregnancy and postpartum. Thyroid 2011; 21:1081.

Leek AE, Ruoss CF, Kitau MJ, Chard T. Magernal plasma alphafetoprotein levels in the second half of normal
pregnancy: Relationship to fetal weight, and maternal age and parity. B/OG 1975; 82:669.

Hale SA, Sobel B, Benvenuto A, et al. Coagulation and fibrinolytic system protein profiles in women with normal
pregnancies and pregnancies complicated by hypertension. Pregnancy Hypertens 2012; 2:152.

Spitzer M, Kaushal N, Benjamin F. Maternal CA-125 levels in pregnancy and the puerperium. | Reprod Med 1998;
43:387.

35/43



10/15/23, 5:01 PM Acute fatty liver of pregnancy - UpToDate

87. Aslam N, Ong C, Woelfer B, et al. Serum CA-125 at 11-14 weeks of gestation in women with morphologically normal
ovaries. B/JOG 2000; 107:689.

88. Jacobs Ij, Fay TN, Stabile I, et al. The distribution of CA 125 in the reproductive tract of pregnant and non-pregnant
women. Br | Obstet Gynaecol 1988; 95:1190.

89. Savu O, Jurcu? R, Giu?c? S, et al. Morphological and functional adaptation of the maternal heart during pregnancy.
Circ Cardiovasc Imaging 2012; 5:289.

90. Vitarelli A, Capotosto L. Role of echocardiography in the assessment and management of adult congenital heart
disease in pregnancy. Int | Cardiovasc Imaging 2011; 27:843.

91. Haram K, Augensen K, Elsayed S. Serum protein pattern in normal pregnancy with special reference to acute-phase
reactants. B/JOG 1983; 90:139.

92. Jozwik M, Jozwik M, Pierzycki K, et al. Maternal and fetal blood ammonia concentrations in normal term human
pregnancies. Biol Neonate 2005; 87:38.

93. Leek AE, Ruoss CF, Kitau MG, et al. Maternal plasma alphafetoprotein levels in the second half of normal pregnancy:
relationship to fetal weight and maternal age and parity. BIOG 1975; 82:669.

94. Burlingame J, Hyeong JA, Tang WHW. Changes in cardiovascular biomarkers throughout pregnancy and the remote
postpartum period. Am | Obstet Gynecol 2013; 208:597.

95. Burlingame JM, Yamasato K, Ahn Hj, et al. B-type natriuretic peptide and echocardiography reflect volume changes in
pregnancy. | Perinatal Med 2017; 45:577.

96. Grindheim G, Toska K, Estensen ME, et al. Changes in pulmonary function during pregnancy: a longitudinal cohort
study. BIOG 2012; 119:94.

97. Hedengran KK, Andersen MR, Stender S, et al. Large D-dimer fluctuation in normal pregnancy: A longitudinal cohort
study of 4,117 samples from 714 healthy Danish women. Obstet Gynecol Int 2016, 2016:3561675.

98. Hedengran KK, Nelson D, Anderson MR, et al. Hepcidin levels are low during pregnancy and increase around delivery
in women without iron deficiency-a prospective cohort study. | Matern Fetal Neonatal Med 2016, 29:1506.

99. Klajnbard A, Szecsi PB, Colov NP, et al. Laboratory reference intervals during pregnancy, delivery, and the early
postpartum period. Clin Chem Lab Med 2010; 48:237.

100. Koenig MD, Tussing-Humphreys L, Day J, et al. Hepcidin and iron homeostasis during pregnancy. Nutrients 2014;
6:3602.

101. Kolarzyk E, Szot WM, Lyszczarz J. Lung function and breathing regulation parameters during pregnancy. Arch Gynecol
Obstet 2005; 272: 53.

102. Ravichandran J, Woon SY, Quek YS, et al. High-sensitivity cardiac troponin I levels in normal and hypertensive
pregnancy. Am J Med 2019; 132:362.

103. Reese JA, Peck /D, Deschamps DR, et al. Platelet counts during pregnancy. N Engl | Med 2018; 379:32.

104. Paternoster DM, Stella A, Simoni P, et al. Activated protein C resistance in normal and pre-eclamptic pregnancies.
Gynecol Obstet Invest 2002; 54:145.

105. Wolfson GH, Vargas E, Browne VA, et al. Erythropoietin and Soluble Erythropoietin Receptor: A Role for Maternal
Vascular Adaptation to High-Altitude Pregnancy. J Clin Endocrinol Metab 2017; 102:242.

106. Dai J, Mao P, Pu C, et al: Trimester-specific reference intervals and profile of coagulation parameters for Chinese
pregnant women with diverse demographics and obstetric history: a cross-sectional study. BMC Pregnancy Childbirth
2023 23:421.

107. Paternoster DM, Stella A, Girolami A, et al: Activated protein C resistance in normal and pre-eclamptic pregnancies.
2002 Gynecol Obstet Invest 54:145.

108. Ushida T, Kotani T, Kinoshita F, et al: Liver transaminase levels during pregnancy: a Japanese multicenter study. |
Matern Fetal Neonatal Med 2022 35:5761.

109. Wiles K, Bramham K, Seed PT, et al: Serum creatinine in pregnancy: a systematic review. Kid Int Rep 2019 4:408.

110. Rothenberg SJ, Karchmer S, Schnaas L, et al: Change in serial blood lead levels during pregnancy. Environ Health
Perspectives 1994 102:876.

111. Fernandes MD, Daher S, de Sousa LM, et al: Blood level of adipokines and nutritional status variables in adolescent
pregnancy. Obstet Gynecol Sci 2020 63:683.

112. Krzeczkowski JE, Hall M, McGuckin T, et al: Iodine status in a large Canadian pregnancy cohort. Am | Obstet Gynecol
2023 5(1):100784.

113. Dockree S, Brook J, James T, et al: A pregnancy-specific reference interval for procalcitonin. Clinica Chimica Acta 2020
513:13.

https://www-uptodate-com.ezproxy.sastudents.uwi.tt/contents/acute-fatty-liver-of-pregnancy/print?search=Acute fatty liver of pregnancy&source=se... 36/43



10/15/23, 5:01 PM Acute fatty liver of pregnancy - UpToDate

114. Dathan-Stumpf A, Vogel M, Jank A, et al: Reference intervals of serum lipids in the second and third trimesters of
pregnancy in a Caucasian cohort: the LIFE Child study. Arch Gynecol Obstet 2019 300:1531.

115. Minhas AS, Rooney MR, Fang M, et al: Prevalence and correlates of elevated NT-proBNP in pregnant women in the
general U.S. population. JACC Adv 2023 2(2): doi:10.1016/j.jacadv.2023,100625.

116. Nelson DB, Ambia AM, Martin R, et al: The forgotten ventricle-right ventricular remodeling across pregnancy and
postpartum: a report of original research. Am | Obstet Gynecol 2017 138:5376.

Modified and reproduced with permission from: Abbassi-Ghanavati M, Greer LG. Reference Table of Normal Laboratory
Values in Uncomplicated Pregnancies. In: Cunningham FG, Leveno KJ, Bloom S, Hauth JC, Rouse DJ, Spong CY. Williams
Obstetrics, 23rd Edition. New York: McGraw-Hill, 2010. Copyright © 2010 The McGraw-Hill Companies, Inc.

Updated with information from: Abbassi-Ghanavati M, Greer LG. Reference Table of Normal Laboratory Values in
Uncomplicated Pregnancies. In: Cunningham FG, Leveno KJ, Bloom S, Dashe JD, Hoffman BL, Casey BM, Spong CY. Williams
Obstetrics, 25th Edition. New York: McGraw-Hill, 2018.

Graphic 81137 Version 51.0

https://www-uptodate-com.ezproxy.sastudents.uwi.tt/contents/acute-fatty-liver-of-pregnancy/print?search=Acute fatty liver of pregnancy&source=se... 37/43



10/15/23, 5:01 PM Acute fatty liver of pregnancy - UpToDate

Acute fatty liver of pregnancy

High power view of an oil red O stain of a liver biopsy from a patient
with acute fatty liver of pregnancy. There are vacuolated
hepatocytes containing microvesicular fat which stain red (arrows).
This stain should be routinely used for the diagnosis of acute fatty
liver of pregnancy and must be performed on a biopsy specimen
that has not been fixed.

Courtesy of Caroline A Riely, MD.
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Definitions/diagnostic criteria for the hypertensive disorders in pregnancy

Gestational = New onset of systolic blood pressure =140 mmHg and/or diastolic blood
hypertension pressure =90 mmHg on at least 2 occasions 4 hours apart after 20 weeks of
gestation in a previously normotensive individual
And:

= No proteinuria

= No signs/symptoms of preeclampsia-related end-organ dysfunction (eg,
thrombocytopenia, renal insufficiency, elevated liver transaminases,
pulmonary edema, cerebral or visual symptoms)

Preeclampsia = New onset of systolic blood pressure =140 mmHg and/or diastolic blood
pressure 290 mmHg on at least 2 occasions at least 4 hours apart after 20
weeks of gestation in a previously normotensive individual. Patients with
systolic blood pressure =160 mmHg and/or diastolic blood pressure =110
mmHg should have blood pressure confirmed within a short interval
(minutes) to facilitate timely administration of antihypertensive therapy.

And:
= Proteinuria (=300 mg per 24-hour urine collection [or this amount
extrapolated from a timed collection], or protein:creatinine ratio =0.3, or
urine dipstick reading =2+ [if other quantitative methods are not
available]).

In a patient with new-onset hypertension without proteinuria, the
diagnosis of preeclampsia can still be made if any features of severe disease
are present.

Preeclampsia In a patient with preeclampsia, presence of any of the following findings are
with severe features of severe disease:
features = Systolic blood pressure 2160 mmHg and/or diastolic blood pressure =110

mmHg on 2 occasions at least 4 hours apart (unless antihypertensive
therapy is initiated before this time)

= Thrombocytopenia (platelet count <100,000/microlL)

= Impaired liver function as indicated by liver transaminase levels at least
twice the normal concentration or severe persistent right upper quadrant
or epigastric pain unresponsive to medication and not accounted for by
alternative diagnoses, or both

® Progressive renal insufficiency (serum creatinine concentration >1.1 mg/dL
[97 micromol/L] or doubling of the serum creatinine concentration in the
absence of other renal disease)

® Pulmonary edema

®  Persistent cerebral or visual disturbances

Eclampsia = A generalized seizure in a patient with preeclampsia that cannot be attributed
to other causes
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HELLP syndrome = = Hemolysis, Elevated Liver enzymes, and Low Platelets. Hypertension may be
present (HELLP in such cases is often considered a variant of preeclampsia).

Chronic Hypertension diagnosed or present before pregnancy or on at least two
(preexisting) occasions before 20 weeks of gestation. Hypertension that is first diagnosed
hypertension during pregnancy and persists for at least 12 weeks postpartum is also

considered chronic hypertension.

= Blood pressure criteria during pregnancy are:
¢ Systolic 2140 mmHg and/or diastolic 290 mmHg

= Prepregnancy and 12 weeks postpartum blood pressure criteria are:
e Stage 1 - Systolic 130 to 139 mmHg or diastolic 80 to 89 mmHg
e Stage 2 - Systolic 2140 mmHg or diastolic 290 mmHg

Chronic Any of these findings in a patient with chronic hypertension:
hypertension = Asudden increase in blood pressure that was previously well-controlled or
with an escalation of antihypertensive therapy to control blood pressure

superimposed
preeclampsia*

= New onset of proteinuria or a sudden increase in proteinuria in a patient
with known proteinuria before or early in pregnancy

= Significant new end-organ dysfunction consistent with preeclampsia after
20 weeks of gestation or postpartum

Chronic Any of these findings in a patient with chronic hypertension and
hypertension superimposed preeclampsia:

with = Systolic blood pressure =160 mmHg and/or diastolic blood pressure =110
superimposed mmHg despite escalation of antihypertensive therapy

preeclampsia = Thrombocytopenia (platelet count <100,000/microl)

with severe

= Impaired liver function as indicated by liver transaminase levels at least
twice the normal concentration or severe persistent right upper quadrant
or epigastric pain unresponsive to medication and not accounted for by
alternative diagnoses, or both

features

= New-onset or worsening renal insufficiency
= Pulmonary edema
= Persistent cerebral or visual disturbances

* Precise diagnosis is often challenging. High clinical suspicion is warranted given the increase in
maternal and fetal-neonatal risks associated with superimposed preeclampsia.

Adapted from:
1. Gestational hypertension and preeclampsia: ACOG Practice Bulletin, Number 222. Obstet Gynecol 2020; 135:e237.
2. Report of the National High Blood Pressure Education Program Working Group on high blood pressure in pregnancy.
Am | Obstet Gynecol 2000; 183:51.
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Summary of fatty acid oxidation disorders
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C18-C
OH-

SCADD Short-chain acyl- ACADS 11in 35,000 to Asymptomatic Elevat

CoA dehydrogenase 50,000
deficiency

M/SCHAD | Short-chain L-3- HADH Rare Hyperinsulinism | Elevat

hydroxyacyl-CoA
dehydrogenase
deficiency

ACADVL: acyl-CoA dehydrogenase, very long-chain gene; G: hypoglycemia; L: liver dysfunction; C:
cardiomyopathy; M: skeletal myopathy; R: rhabdomyolysis; HADHA: hydroxyacyl-CoA
dehydrogenase/3-ketoacyl-CoA thiolase/enoyl-CoA hydratase (trifunctional protein), alpha subunit;
HADHB: hydroxyacyl-CoA dehydrogenase/3-ketoacyl-CoA thiolase/enoyl-CoA hydratase (trifunctional
protein), beta subunit; SLC22A5: solute carrier family 22 member 5 gene; NBS: newborn screening;
SLC25A20: solute carrier family 25 member 20 gene; CPT1A: carnitine palmitoyltransferase 1A; CPT2:
carnitine palmitoyltransferase 2; ACADM: acyl-CoA dehydrogenase, C-4 to C-12 straight chain; ETFA:
electron transfer flavoprotein, alpha subunit; ETFB: electron transfer flavoprotein, beta subunit;
ETFDH: electron transfer flavoprotein dehydrogenase; ACADS: acyl-CoA dehydrogenase, C-2 to C-3
short-chain; HADH: 3-hydroxyacyl-CoA dehydrogenase.
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