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Objectives
1. Review physiologic changes of pregnancy

2. Acute fatty liver of pregnancy

a. Describe the pathogenesis

b. Characterize clinical features and  differentiate between HELLP syndrome

c. Review management and the anticipated recovery

3. Intrahepatic Cholestasis of Pregnancy

a. Outline diagnosis

b. Describe antepartum testing strategies

c. Review management strategies

4. Hepatitis C 

a. Outline current national rates and trends

b. Review risk factors

c. Define testing algorithms
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Physiologic changes of pregnancy
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Liver size does not enlarge during pregnancy.Liver size does not enlarge during pregnancy.
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Physiologic changes of pregnancy
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Physiologic changes of pregnancy
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Some laboratory test results of hepatic function are altered in 

normal pregnancy that differ when compared to non-

pregnant individuals:

–Total alkaline phosphatase activity

–Aspartate transaminase (AST), alanine transaminase (ALT)

–Bilirubin levels

–Serum albumin concentration 
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Ababassi-Ghnaavati M et al. Obstet Gynecol. 2009Ababassi-Ghnaavati M et al. Obstet Gynecol. 2009

Beware that electronic medical records and referent laboratory values are 
often registered for non-pregnant adults wherein “normal” registered 
values (eg. Fibrinogen) may be profoundly abnormal in pregnancy!!!

Beware that electronic medical records and referent laboratory values are 
often registered for non-pregnant adults wherein “normal” registered 
values (eg. Fibrinogen) may be profoundly abnormal in pregnancy!!!
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Pathogenesis
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Nelson DB et al. Clin Obstet Gynecol. 2020Nelson DB et al. Clin Obstet Gynecol. 2020



Clinical Presentation
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New onset nausea and vomiting 
during pregnancy in the third trimester 
is NOT normal!

New onset nausea and vomiting 
during pregnancy in the third trimester 
is NOT normal!

Nelson DB et al Clin Obstet Gynecol. 2020 
Nelson DB et al Am J Obstet Gynecol. 2013
Nelson DB et al Clin Obstet Gynecol. 2020 
Nelson DB et al Am J Obstet Gynecol. 2013



Differential Diagnosis
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Nelson DB et al. Obstet Gynecol. 2021Nelson DB et al. Obstet Gynecol. 2021
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Nelson DB et al. Obstet Gynecol. 2021Nelson DB et al. Obstet Gynecol. 2021



Diagnosis: Suggested Algorithm
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Nelson DB et al. Obstet Gynecol. 2021Nelson DB et al. Obstet Gynecol. 2021



Diagnosis: Swansea Criteria
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Laboratory features
• Bilirubin greater than 0.8 mg/dL
• Glucose less than 72 mg/dL
• WBC greater than 11,000/µL
• AST or ALT greater than 42 units/L
• Coagulopathy or PT greater than 14 s
• Urea greater than 340 µmoles/L
• AKI or creatinine greater than 1.7 mg/dL
• Ammonia greater than 47 µmoles/L
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• Ultrasound features of ascites or echogenic liver
• Histologic features with microvesicular steatosis
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Gut 2002;51:876-80Gut 2002;51:876-80

WBC, white blood cell count
AST, aspartate transaminase
ALT, alanine transaminase
AKI, acute kidney injury
PT, prothrombin time
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6 of the above criteria satisfy the diagnosis of AFLP6 of the above criteria satisfy the diagnosis of AFLP



Oil red O stain
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Nelson DB et al. Obstet Gynecol. 2021Nelson DB et al. Obstet Gynecol. 2021



Comparing AFLP from HELLP Syndrome

18

Byrne et al. J Matern Fetal Neonatal Med. 2020Byrne et al. J Matern Fetal Neonatal Med. 2020
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Byrne et al. J Matern Fetal Neonatal Med. 2020Byrne et al. J Matern Fetal Neonatal Med. 2020



Comparing AFLP from HELLP Syndrome
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Byrne et al. J Matern Fetal Neonatal Med. 2020Byrne et al. J Matern Fetal Neonatal Med. 2020



Comparing AFLP from HELLP Syndrome: Initial studies
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Nelson DB et al. Obstet Gynecol. 2021Nelson DB et al. Obstet Gynecol. 2021



Comparing AFLP from HELLP Syndrome: Initial studies
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J Matern Fetal Neonatal Med. 2020 Apr 19:1-11.J Matern Fetal Neonatal Med. 2020 Apr 19:1-11.

FibrinogenFibrinogen

CholesterolCholesterol

CreatinineCreatinine

BilirubinBilirubin



Although included in Swansea criteria, imaging limited value in diagnosis of AFLP

Sonography, CT, and MR imaging all are modalities reported to be utilized 

–Yield only reported as 30% with highest yield of 50% with CT scanning

Published experience with HELLP syndrome suggests restricted diffusion on MR

Imaging studies in AFLP and HELLP syndrome

23

Am J Perinatol. 2018 Jul;35(8):741-747Am J Perinatol. 2018 Jul;35(8):741-747



Hemostatic dysfunction with AFLP: Nucleated RBC
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Obstet Gynecol. 2014 Jul;124(1):40-46.Obstet Gynecol. 2014 Jul;124(1):40-46.

Nucleated Red Blood cells (/100 WBC)Nucleated Red Blood cells (/100 WBC)

Nucleated Red Blood cells are NOT normal on 
an adult CBC with differential analysis!!!
Nucleated Red Blood cells are NOT normal on 
an adult CBC with differential analysis!!!



1. Prompt recognition and evaluation of the mother 

and fetus

2. Plan for supportive care such as reversal of 

coagulopathy

3. Preparation for delivery as soon as feasible

4. Postpartum supportive care 

Management

25

Obstet Gynecol. 2021 Mar 1;137(3):535-545Obstet Gynecol. 2021 Mar 1;137(3):535-545

Multidisciplinary team approachMultidisciplinary team approach



Until the fetus is delivered, ongoing liver failure will 

continue with its attendant constellation of abnormalities

After delivery, there is a slow return to metabolic 

normalcy that frequently requires considerable 

supportive care

Management

26

Obstet Gynecol. 2021 Mar 1;137(3):535-545Obstet Gynecol. 2021 Mar 1;137(3):535-545



Two large-bore intravenous catheters in anticipation of 

substantial postpartum hemorrhage 

Magnesium sulfate infusion for eclampsia prophylaxis for women 

in whom a diagnosis of preeclampsia is also being considered 

(approximately 70% of patients)

Treat severe-range blood pressure levels with a goal of less than 

160/110 mmHg

Communication with the pediatric team

Management

27

Obstet Gynecol. 2021 Mar 1;137(3):535-545Obstet Gynecol. 2021 Mar 1;137(3):535-545



If obtunded, airway protection is paramount 

With persistent vomiting, consideration can be given to placement 

of a nasogastric tube with administration of antacids to neutralize 

gastric contents

For obvious hepatic encephalopathy, tracheal intubation

Moderate thrombocytopenia (>70,000/mL) is reasonable to place 

neuraxial analgesia, however, nadir of the coagulation studies may 

not recover until several days postpartum

Obstetric Anesthesia and Analgesia

28

Obstet Gynecol. 2021 Mar 1;137(3):535-545Obstet Gynecol. 2021 Mar 1;137(3):535-545



Before cesarean delivery, coagulopathy must be corrected 

–Fibrinogen-containing products, goal plasma fibrinogen level of 

at least 150 mg/dL

–Platelet count less than 50,000/mL will require platelet 

replacement before cesarean delivery

Mildline vertical skin incision is our practice

Consider drain (Jackson-Pratt) if there is significant ongoing 

surgical oozing or ascitic fluid, however, not commonly placed

Cesarean Delivery Considerations

29

Obstet Gynecol. 2021 Mar 1;137(3):535-545Obstet Gynecol. 2021 Mar 1;137(3):535-545



Gradual improvement of the laboratory derangements, however some of 

the pathophysiologic changes of acute fatty liver of pregnancy for as long 

as 7-10 days

High incidence of postpartum hemorrhage, disseminated intravascular 

coagulopathy, and acute kidney injury

Serial measurements of hematologic, hepatic, and renal function are 

performed every 6–12 hours within the first 1–2 days

Serum magnesium levels monitored to avoid magnesium toxicity

Serial blood glucose levels monitored every hour

Postpartum Course and Management

30

Obstet Gynecol. 2021 Mar 1;137(3):535-545Obstet Gynecol. 2021 Mar 1;137(3):535-545

Obstet Gynecol. 2015 Nov;126(5):999-1011.Obstet Gynecol. 2015 Nov;126(5):999-1011.



Anticipated laboratory analyte recovery postpartum

31

Am J Obstet Gynecol. 2013 Nov;209(5):456.e1-7. Am J Obstet Gynecol. 2013 Nov;209(5):456.e1-7. 
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Obstet Gynecol. 2021 Mar 1;137(3):535-545Obstet Gynecol. 2021 Mar 1;137(3):535-545



Anticipated laboratory analyte recovery postpartum
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Obstet Gynecol. 2021 Mar 1;137(3):535-545Obstet Gynecol. 2021 Mar 1;137(3):535-545



Recovery compared to placental abruption
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Obstet Gynecol. 2014 Jul;124(1):40-46.Obstet Gynecol. 2014 Jul;124(1):40-46.

Fibrinogen (mg/dL)Fibrinogen (mg/dL)

AFLPAFLP
AbruptionAbruption
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Recovery compared to HELLP Syndrome

J Matern Fetal Neonatal Med. 2020 Apr 19:1-11.J Matern Fetal Neonatal Med. 2020 Apr 19:1-11.

AFLPAFLP

AFLPAFLP HELLPHELLP

HELLPHELLP



Postpartum Course
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Obstet Gynecol. 2021 Mar 1;137(3):535-545Obstet Gynecol. 2021 Mar 1;137(3):535-545

About 15% of patients with AFLP develop acute pancreatitis that 
can be severe

–Treated conservatively with nasogastric suction and analgesics

Transient diabetes insipidus, due to an elevated vasopressinase 
concentration caused by diminished production of the inactivating 
enzyme by the liver

–Desmopressin will be successful in reversing prodigious diuresis

Artificial liver support therapy

–Continuous renal replacement therapy along with plasma 
exchange has been shown to improve clinical symptoms and 
laboratory analyte recovery; however, data regarding outcomes 
are limited

Extracorporeal life support



Maternal and Perinatal Outcomes
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Am J Obstet Gynecol. 2013 Nov;209(5):456.e1-7. Am J Obstet Gynecol. 2013 Nov;209(5):456.e1-7. 



Maternal and Perinatal Outcomes
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Am J Obstet Gynecol. 2013 Nov;209(5):456.e1-7. Am J Obstet Gynecol. 2013 Nov;209(5):456.e1-7. 



Maternal and Perinatal Outcomes
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Am J Obstet Gynecol. 2013 Nov;209(5):456.e1-7. Am J Obstet Gynecol. 2013 Nov;209(5):456.e1-7. 



Maternal and Perinatal Outcomes
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Obstet Gynecol. 2021 Mar 1;137(3):535-545Obstet Gynecol. 2021 Mar 1;137(3):535-545

Many of these cases will trigger a severe maternal 
morbidity (“SMM”) trigger: Acute Kidney Injury (AKI), ICU 
admission, and need for blood and component transfusion

Many of these cases will trigger a severe maternal 
morbidity (“SMM”) trigger: Acute Kidney Injury (AKI), ICU 
admission, and need for blood and component transfusion
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Intrahepatic 
Cholestasis of 

Pregnancy

Intrahepatic 
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Clinical presentation
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Pruritis without rash in the second or third trimester

Elevated bile acids

Possible to have transaminitis



Etiopathogenesis
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0.3-0.5% incidence

Geographical location

Genetic

–Mutations in biliary transport proteins

–Mutations in bile acid receptors

Seasonal variations

Hormonal influences



Differential Diagnosis
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Pruritis can affect 

23% of all pregnancies

Importance of history 

and physical and 

timeframes

About 50% of pruritus 

do not have ICP Yule CS et al. Cholestasis: A Prospective Study of Perinatal Outcomes and 
Time to Symptom Improvement. Am J Perinatol. 
Yule CS et al. Cholestasis: A Prospective Study of Perinatal Outcomes and 
Time to Symptom Improvement. Am J Perinatol. 



Differential Diagnosis
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Stefaniak et al. Am J Clin Dermatol 2022; 23(2):231-246Stefaniak et al. Am J Clin Dermatol 2022; 23(2):231-246
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Stefaniak et al. Am J Clin 
Dermatol 2022; 23(2):231-
246

Stefaniak et al. Am J Clin 
Dermatol 2022; 23(2):231-
246

Williams Obstetrics 26 
edition
Williams Obstetrics 26 
edition

Williams Obstetrics 26 
edition
Williams Obstetrics 26 
edition



ICP: Differential Diagnosis
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ICP: Diagnosis
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 What is “normal” again? 

 What is our diagnostic threshold?

• Beware of electronic medical records and referent laboratory values
• “Normal” is thought to be <5 µmol/L (clinical use <10 µmol/L)
• This number can depend on the lab technique, gestational age, recent 

food consumption
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• This number can depend on the lab technique, gestational age, recent 

food consumption

• Early studies in 1970s used total bile acids and some calculations of individual 
bile acids

• Compared symptomatic vs non symptomatic, but didn’t really evaluate 
thresholds

• Mixed methods: fasting vs non fasting
• 2004 Glantz et al showed correlation between levels and adverse fetal events 

of >40 µmol/L
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bile acids

• Compared symptomatic vs non symptomatic, but didn’t really evaluate 
thresholds

• Mixed methods: fasting vs non fasting
• 2004 Glantz et al showed correlation between levels and adverse fetal events 

of >40 µmol/L



ICP: Diagnosis
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Fasting versus non-fasting?

Smith, D. , Kiefer, M. , Lee, A. , Davis, S. , Summerfield, T. , Landon, 
M. & Rood, K. (2020). Effect of Fasting on Total Bile Acid Levels in 
Pregnancy. Obstetrics & Gynecology, 136 (6), 1204-1210.

Smith, D. , Kiefer, M. , Lee, A. , Davis, S. , Summerfield, T. , Landon, 
M. & Rood, K. (2020). Effect of Fasting on Total Bile Acid Levels in 
Pregnancy. Obstetrics & Gynecology, 136 (6), 1204-1210.

• Symptomatic women, non-fasting bile 
acids resulted in 23% more diagnosis 
of cholestasis compared to fasting values

• Symptomatic women, non-fasting bile 
acids resulted in 23% more diagnosis 
of cholestasis compared to fasting values



ICP: Diagnosis
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SMFM Hepatitis C 
Visual Summary
SMFM Hepatitis C 
Visual Summary

No absolute consensus on a level for diagnosis

–Reference in pregnancy vs what’s associated with poor outcomes

– In general, use >10 µmol/L for diagnosis

– >40 µmol/L is associated with adverse outcomes

– >100 µmol/L is highest risk for stillbirth



ICP: Pregnancy-related effects
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Pruritis for pregnant person; no 
long-term issues

 Infant

–Meconium-stained fluid

–Preterm birth

– IUFD

–Fetal arrythmia or vasospasm 
of the placental chorionic 
surface vessels

–Highest risk was with levels 

>100 µmol/L

–Some degree of risk may be 
present with lower levels

Glantz A, et al. Intrahepatic cholestasis 
of pregnancy: Relationships between 
bile acid levels and fetal complication 
rates. Hepatology. 

Glantz A, et al. Intrahepatic cholestasis 
of pregnancy: Relationships between 
bile acid levels and fetal complication 
rates. Hepatology. 

Yule CS et al. Cholestasis: A Prospective Study of Perinatal Outcomes and Time 
to Symptom Improvement. Am J Perinatol. 
Yule CS et al. Cholestasis: A Prospective Study of Perinatal Outcomes and Time 
to Symptom Improvement. Am J Perinatol. 



ICP: Management
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 Ursodeoxycholic acid

– May decrease transaminase and improve symptoms, but not shown 
to improve fetal outcomes 

– Regimens are 300 mg BID or TID or 500 mg BID

– Nausea and dizziness have been reported with a decrease in pruritis 
in 1-2 weeks

– Cholestyramine 

– Symptomatic management

 Antepartum testing???

– Efficacy not established

– Begin at gestational age when delivery would be performed in 
response

– Optimal frequency unknown



ICP: Management
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Yule CS et al. Cholestasis: A Prospective Study of Perinatal Outcomes and Time to Symptom Improvement. Am J Perinatol. Yule CS et al. Cholestasis: A Prospective Study of Perinatal Outcomes and Time to Symptom Improvement. Am J Perinatol. 



ICP: Delivery planning
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Other considerations:

– if unrelenting symptoms

–history of stillbirth before 36 weeks due to ICP previously

–preexisting or acute hepatic disease with clinical or lab worsening of hepatic 

function

Decision analysis model ideal was 36 weeks

Medically indicated late-preterm and early-term deliveries. ACOG Committee Opinion No. 831. American 
College of Obstetricians and Gynecologists. Obstet Gynecol 2021;138:e35–9.
Medically indicated late-preterm and early-term deliveries. ACOG Committee Opinion No. 831. American 
College of Obstetricians and Gynecologists. Obstet Gynecol 2021;138:e35–9.



ICP: Delivery planning
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Our general practice:

–For total bile acids 10-39 µmol/L: 39 weeks

–For total bile acids 40-99 µmol/L: 38 weeks

–For total bile acids >100 µmol/L: 36 weeks

Medically indicated late-preterm and early-term deliveries. ACOG Committee Opinion No. 831. American 
College of Obstetricians and Gynecologists. Obstet Gynecol 2021;138:e35–9.
Medically indicated late-preterm and early-term deliveries. ACOG Committee Opinion No. 831. American 
College of Obstetricians and Gynecologists. Obstet Gynecol 2021;138:e35–9.



SMFM 2025: Ambia et al
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SMFM 2025. (415) Defining specific bile acid profiles in intrahepatic cholestasis of pregnancy.SMFM 2025. (415) Defining specific bile acid profiles in intrahepatic cholestasis of pregnancy.



SMFM 2025: Ambia et al
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SMFM 2025. (970) Detection of individual bile acids by sebum sampling in cholestasis of pregnancy.SMFM 2025. (970) Detection of individual bile acids by sebum sampling in cholestasis of pregnancy.



SMFM 2025: Ambia et al
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SMFM 2025. (970) Detection of individual bile acids by sebum sampling in cholestasis of pregnancy.SMFM 2025. (970) Detection of individual bile acids by sebum sampling in cholestasis of pregnancy.



ICP: Postpartum management

59



ICP: Postpartum management

60

May be at higher risk for developing hepatobiliary disease

–Chronic hepatitis

–Liver fibrosis

–Cholangitis

Hepatitis C testing

–General population: 0.2-2.5%, 20x higher

–Reevaluate after pregnancy if symptoms persist
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Hepatitis C in 
Pregnancy

Hepatitis C in 
Pregnancy



HCV: Clinical presentation
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Majority are asymptomatic (up to 75%)

Symptoms: abdominal pain, nausea, 

anorexia, jaundice, malaise

Without treatment, 15-45% of infected 

individuals will spontaneously clear HCV 

within 6 months



HCV: Epidemiology
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Rossi RM, et al. Reported Prevalence of Maternal Hepatitis C Virus Infection in the United States. Obstet Gynecol 2920;135:387-95Rossi RM, et al. Reported Prevalence of Maternal Hepatitis C Virus Infection in the United States. Obstet Gynecol 2920;135:387-95



HCV: Epidemiology
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1-4% incidence

Opioid Epidemic

 Increased 161% from 2009-2017

Primary mode of HCV transmission is percutaneous  exposure to 

blood from injection of substances



HCV: Vertical transmission
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Major risk factor for vertical 

transmission is co-infection with HIV

This rate may be lower now due to 

combined active antiretroviral therapy

Benova L, et al. Clin Infect Dis 2014;59:765-73.Benova L, et al. Clin Infect Dis 2014;59:765-73.



HCV: Screening

66

 2020: USPTF & CDC recommended 

screening adults 18-79 years

 2021: ACOG & SMFM recommend 

screening for HCV every pregnancy 

Society for Maternal-Fetal Medicine (SMFM), Dotters-Katz SK, Kuller JA, Hughes BL. Society for Maternal-Fetal Medicine 
Consult Series #56: Hepatitis C in pregnancy-updated guidelines: Replaces Consult Number 43, November 2017. Am J 
Obstet Gynecol. 2021 Sep;225(3):B8-B18.

U.S Preventive Services Task Force; Owens DK, Davidson KW, Krist AH, Barry MJ, Cabana M, et al. Hepatitis C virus 
infection in adolescents and adults: screening: US Preventive Services Task Force statement. JAMA 2020;323:970–75

Society for Maternal-Fetal Medicine (SMFM), Dotters-Katz SK, Kuller JA, Hughes BL. Society for Maternal-Fetal Medicine 
Consult Series #56: Hepatitis C in pregnancy-updated guidelines: Replaces Consult Number 43, November 2017. Am J 
Obstet Gynecol. 2021 Sep;225(3):B8-B18.

U.S Preventive Services Task Force; Owens DK, Davidson KW, Krist AH, Barry MJ, Cabana M, et al. Hepatitis C virus 
infection in adolescents and adults: screening: US Preventive Services Task Force statement. JAMA 2020;323:970–75



HCV: Evaluation/Management
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First proceed with recommended 

laboratory evaluation

Referral to hepatologist

If no cirrhosis – OK

If cirrhosis -> additional evaluation 

needed

Lifestyle changes

No ETOH
Lower Max Dose of 

Acetaminophen
Transmission prevention



HCV: Treatment???
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Direct-acting antiviral (DAA) achieve 

sustained virologic response (SVR) 

rates of >90%

–Ledipasvir plus sofosbuvir studies 

have been performed

At this time, only experimental and not 

routinely recommended

Chappell CA, et al. Ledipasvir plus sofosbuvir in pregnant  
women with heoatutus C vr=irus infection: a phase 
pharmacokinetic study. Lancet Microbe 2020;1:e200-2-5

Chappell CA, et al. Ledipasvir plus sofosbuvir in pregnant  
women with heoatutus C vr=irus infection: a phase 
pharmacokinetic study. Lancet Microbe 2020;1:e200-2-5



HCV: Route of delivery

69

Ghamar Chehreh et al. Meta-analysis 

revealed on HCV vertical transmission by  

mode of delivery found no significant 

difference (pooled odds ratio, 1.1; 95% 

CI, 0.45-2.67) 

Recommend against proceeding with 

elective cesarean. Delivery for sole 

indication of prevention of vertical 

transmission

Cottrell EB, et al. Reducing Risk for Mother-to-Infant 
Transmission of Hepatitis  Virus: A Systematic Review for 
the US Preventive Services Task Force. Ann Intern Med 
2013;158:109-13.

Cottrell EB, et al. Reducing Risk for Mother-to-Infant 
Transmission of Hepatitis  Virus: A Systematic Review for 
the US Preventive Services Task Force. Ann Intern Med 
2013;158:109-13.



HCV: Labor management

70

No internal monitoring

No episiotomy

Slightly higher risk for prolonged rupture 

of membranes

Operative vaginal delivery unknown risk

Mast et al. Risk Factors for Perinatal Transmission of Hepatitis C Virus and the Natural History of HCV Infection Acquired in Infancy.. J 
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HCV: Breastfeeding
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Breastfeeding does not increase the risk risk of vertical 

transmission, unless nipples are cracked or bleeding.
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 Appreciate physiologic changes of pregnancy and impact on 
hepatic function—we may be the consultants to the 
consultants for pregnant individuals.

 Acute fatty liver of pregnancy diagnostic considerations 
include battery of laboratory panel with multidisciplinary team 
care before, during, and after delivery.

 Intrahepatic cholestasis of pregnancy management 
considerations are evolving with greater understanding of risk 
stratification.

 Hepatitis C screening recommendations have evolved, so we 
need to have situational awareness for management of 
identified cases during pregnancy and postpartum.

Conclusions
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Thank you!
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