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Abstract

Liver diseases that are most unique to pregnancy consist of hyperemesis gravidarum, acute fatty liver of pregnancy, intrahepatic cholestasis of pregnancy, and hemolysis, elevated liver enzymes and low plate​lets syndrome. In this review, risk factors, etiology, symptoms, diagnosis, prognosis and treatment of each entity followed by principles of anesthetic management based on the case reports or retrospective records will be addressed. 
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Core tip: Liver diseases like hyperemesis gravidarum, acute fatty liver of pregnancy, intrahepatic cholestasis of pregnancy and hemolysis, elevated liver enzymes and low platelets are challenging for anesthesiologists because of the increased risk of morbidity and mortality. Therefore, general and specific anesthetic management strategies are of utmost important. In this review, the risk factors, etiology, symptoms, diagnosis, prognosis and treatment of these liver diseases during pregnancy and general principles of anesthetic management based on our case report and retrospective records will be addressed. 
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INTRODUCTION
Most unique liver diseases that occur during pregnancy are hyperemesis gravidarum (HG), acute fatty liver of pregnancy (AFLP), intrahepatic cholestasis of pregnancy (IHCP), and hemolysis, elevated liver enzymes and low platelets (HELLP) syndrome[1,2]. We aim to present risk factors, etiology, symptoms, diagnosis, and prognosis briefly and as well as discuss the treatment of each entity, principles of anesthetic management based on the current literature.

HG 

HG, generally occurs generally at 4-10 wk of gestation up to 20 weeks’ gestation[3-5]. There are risk factors such as history of HG, hyperthyroidism, psychiatric ill​ness, molar pregnancy, preexisting diabetes, multiple gestations, multiparity, increased body mass index, and excessive daily intake of saturated fat before pregnancy are some of the common risk factors[1]. Female fetus and maternal Helicobacter pylori infection might be considered as additional risk factors[6]. The incidence, etiology, symptoms, diagnosis and treatment of the disease were summarized in Table 1[5,7-17]. 

We would like to underline our established thera​peutic plan based on a 21-year-old woman (G1, P0) with a diagnosed HG without remarkable medical history. She was admitted to our unit at 19[1] weeks’ gestation. She was suffering from nausea, vomiting and weight loss refractory to medical treatment though she was treated in another hospital before admission. Her current weight was 56 kg (Pre-pregnancy weight 73 kg), and BMI was 18.3 kg/m2. Her vital signs including blood pressure and heart rate were 90/60 mmHg and 90 beat/min, respectively. Blood and urine laboratory results and thyroid function tests were within normal clinical limits. Obstetric and abdominal USG were unremarkable. Medical treatment was started with metochlopramide and vitamin B during IV total parenteral nutrition. Fluid intake and urine output were adjusted accordingly. Because of persistent refractory nausea and vomiting, metoclopramide was switched to domperidon. For differential diagnosis, endoscopy was planned but 1st endoscopy attempt without sedation was unsuccessful. Therefore, 2nd endoscopy was planned using propofol under monitored anesthesia care (MAC). The endoscopy revealed minimal superficial gastritis and motility dysfunction (with no pyloric stenosis and helicobacteria presence). Although there was rarely need for anesthesia in HG since that disease usually seen during early pregnancy period, we performed sedation with propofol which was a safe intravenous anesthetic agent in liver diseases under MAC.

AFLP 

The AFLP is observed 1 in 10000-15000 pregnancies[18]. It often develops between 27-40 weeks’ gestation, but may be undiagnosed until the postpartum period[1]. 

Advanced maternal age, primiparity, multiple pre​gnancies, preeclampsia, male fetus, being under​weight, the use of non-steroidal anti-inflammatory drugs and previous AFLP are considered to be some of the risk factors[1,19]. The incidence of AFLP is high in women with a genetic mutation. Basically, mitochondrial fatty acid oxidation pathway is affected. Fetus has a long-chain 3-hydroxyacyl-coenzyme A dehydrogenase defici​ency[7,20]. The incidence, etiology, symptoms, diagnosis and treatment of AFLP were shown in Table 1[7,18,20-29]. 

Primary obstetric management is to make immediate delivery decision since recovery before delivery is not possible. The anesthesia technique either regional or general must be discussed. General anesthesia is required in patients with coagulopathy because of the concern for regional anesthesia related hematoma risk[1]. Most of the patients recover within 48-72 h after delivery with improved aminotransferase levels[22]. However, patients with coagulopathy, encephalopathy, or hypoglycemia require intensive care admission[26].

Perioperative care includes establishing adequate intravenous accesses readily available for cross-mat​ched blood and blood products against increased risk of postpartum hemorrhage (PPH)[28].

Clinical and laboratory findings, anesthetic manage​ments with maternal and neonatal outcomes of 28 cases from Shanghai Public Health Center were retrospectively reviewed over 5 years. Cesarean delivery was performed under either neuraxial (n = 16) or general anesthesia (n = 12) with rapid sequence induction (RSI). Two maternal deaths (7.1%) without fetal deaths were recorded. As a result of this retrospective study, recommendation of general anesthesia with RSI in case of severe coagulopathy was reconfirmed[29]. 

IHCP 

The incidence of IHCP is approximately 1-2 in 1000 pregnancies. Generally it manifests either in the second or third trimester, around 30 weeks’ gestation. After delivery, symptoms generally resolve[30]. According to the recent reports, the incidence varies between 1.5%-4%[1].

Accused common risk factors are advanced mater​nal age, multiparity, family history, preexisting liver disease, or history of cholestasis while taking oral contraceptives[31,32].

The incidence, etiology, symptoms, diagnosis and treatment of IHCP were also shown in Table 1[1,30-51]. 

Diagnosis is based on clinical signs and laboratory tests. Elevated bilirubin levels (< 6 mg/dL), and elevated transaminases (approximately 20 times than normal values). The most sensitive diagnostic biomarker is the elevation in the fasting serum bile acid level. Parturients generally have bile acid levels higher than 10 mol/L. The degree of disease as mild, moderate or severe is made according to bile acid levels (Mild: 10-39 mol/mL, moderate: 40-99 mol/mL and severe: ≥ 100 mol/mL)[38].

We have retrospectively documented maternal, fetal and neonatal outcomes of parturients with IHCP delivered in Gazi University. Maternal outcomes were generally good as indicated in many previous reports[28,37,47,48]. Twenty-seven percent of our cases had normal spontaneous vaginal delivery, while the rest (73%) underwent cesarean delivery. Approximately 18.5% of cesarean deliveries were not elective or planned. When anesthesia and/or analgesia choices were evaluated in whole, we performed combined spinal epidural (CSE) for labor analgesia only in 1 patient. According to the records of cesarean deliveries, rates of neuraxial and general anesthesia were 85% and 15%, respectively. Among neuraxial anesthesia choices, spinal anesthesia (96%) was the mostly preferred one. Regarding neonatal outcomes, birth weight and Apgar scores were good as well. However, there were 2 preterm births and 2 preterm labors from mild and severe IHCP cases (one from each). Hepatitis in 2 newborns was observed in parturients with mild IHCP. But the worst fetal outcome observed in a parturient having severe IHCP was perinatal fetal death at the 34 weeks’ of gestation. Anesthesia choices for delivery might be challenging in IHCP. Due to the physiologic decrease in gall bladder con​tractility, pregnant women tend to have a sort of physiologic cholestasis. The cholestasis might lead to malabsorption of vitamin K. Vitamin K is a cofactor responsible from synthesis of coagulation factors II, VII, IX and X. Therefore, coagulation abnormalities might be expected in parturients with IHCP. Additionally, increased liver enzymes; aspartate aminotransferase (AST) and predominantly ALT are considered to be determinants of liver diseases[1,28,37,47-49]. However, in a recent retrospective study investigating the incidence of coagulopathy in parturients with IHCP, no abnormal coagulation studies were found even in the presence of significantly increased liver enzymes[50]. The authors reported that the presence of coagulopathy in parturients with isolated IHCP was low and the routine coagulation studies were not necessary except patients having IHCP with coexisting preeclampsia[50]. Similarly, we had neither abnormal coagulation parameters nor we came across any patient with coexisting pree​clampsia in our study. 

Severity of IHCP, especially bile acid levels higher than 40 mol/L, may affect pregnancy outcomes[46,51]. Based on these studies, we similarly classified our cases having bile acid level ≥ 10-39 mol/L, 40-99 mol/L and ≥ 100 mol/L as mild, moderate and severe IHCP, respectively. In the present study the rates of mild, moderate and severe IHCP were 65%, 21% and 14%, respectively. When we compared our studies in this regard, the incidence of mild IHCP was higher but severe IHCP was less than that of study by Brouwers et al[51]. In mild cases obstetric management includes delivery at 38 weeks’ gestation but early delivery at 36 weeks’ can be considered in severe cases due to the high risk of fetal distress/death, jaundice or unbearable maternal pruritis despite ursodeoxy cholic acid (UDC) treatment[28,37,47-51]. In contrast to the 14% of CS rate in Brouwers et al[51]’s study, we documented much higher CS rate, which was 73%. However, our high CS rate was consistent with 65% rate of DeLeon et al[50]. Currently, we have observed adverse outcomes including preterm labor and birth and perinatal fetal death in severe IHCP class parturients. 

Pregnancy associated liver diseases and/or abnor​malities in conjunction with their interpretation have been extensively studied[2,25,26,32]. Our maternal and fetal-neonatal outcomes according to the elevated bile acid levels were comparable to recent retrospec​tive studies[50,51]. However, the present retrospective records including 37 cases with IHCP delivered in Gazi University in one-year period might be helpful to provide better understanding of anesthetic management. Consequently, parturients with IHCP having normal coagulation parameters despite increased liver enzymes preoperatively underwent cesarean delivery mostly under spinal anesthesia uneventfully. Although maternal outcomes were generally good, adverse fetal and neonatal outcomes may occur more likely in severe IHCP.
HELLP SYNDROME

HELLP syndrome is commonly associated with hyper​tension, proteinuria, and edema develop either in the second or third trimester. HELLP syndrome has an incidence of 0.1%-0.6% that develops usually in the 3rd trimester. The rate of HELLP patients with severe preeclampsia is 4%-12%[52]. While 70% of patients with HELLP syndrome present before delivery, 30% of them develop in the postpartum period[1].

Some of the risk factors for HELLP syndrome are nulliparity and advanced maternal age[53]. The incidence, etiology, symptoms, diagnosis and treatment of HELLP syndrome were indicated in Table 1 as well[1,51-62]. 

Fifty percent of patients with HELLP syndrome might be free of all diagnostic criteria. Maternal morbidity varies due to the degree of thrombocytopenia. According to the Mississippi classification for HELLP, class 1 corresponds to platelet count ≤ 50000/L, class 2 corresponds to platelet count greater than > 50000 but ≤ 100000/L, while class 3 corresponds to platelet count 100000-≤ 150000/L[57]. 

HELLP syndrome often progresses and may eventually compromise maternal and fetal outcome. If diagnosis is controversial, hypertension should be controlled by available intravenous antihypertensive drugs (hydralazine or labetalol)[58].

Delivery is recommended ≥ 34 weeks’ gestation. Intravenous magnesium sulfate (4-g loading dose followed by 2 g/h) should be administered for seizure prophylaxis during labor and for 24 h postpartum[58]. In case of active labor, a vaginal delivery may be proceeded if there is no fetal distress or risk of disseminated intra​vascular coagulopathy. Additionally, in case of coexis​tence with multi-organ dysfunction, renal failure, or abruption, immediate cesarean delivery should be performed because induction of labor is not indicated. 

Patients with HELLP syndrome generally receive platelet transfusion if the platelet count is < 20000/L, if < 50000/L and cesarean delivery is mandatory. There is no need to transfuse platelet more than once, since thrombocytopenia improves after delivery[59].

For choosing method of analgesia, epidural block is generally contraindicated if platelet count is less than 75000/L but is also up to the experience of the anesthesiologist. Patients should be monitored for at least 48 h in the postpartum period to avoid pulmonary edema. Laboratory abnormalities usually regress 24 h postpartum and almost completely recover 48 h postpartum[1]. 
HELLP syndrome is associated with increased risk of maternal and fetal morbidity and mortality. Rate of maternal death is approximately 1%. Noteworthy maternal complications include pulmonary edema, acute renal failure, DIC, abruptio placenta, liver hemorr​hage or failure, ARDS, retinal detachment, stroke and adverse events due to blood transfusion[1].

The rate of perinatal death varies between 7.4%-20.4%, depending on the gestational age and concur​rent factors related to the pregnancy. The highest morbidity and mortality rates are observed < 28 weeks’ gestation[60]. Most perinatal morbidity is due to prematurity that may cause to RDS, bronchopulmonary dysplasia, intracerebral hemorrhage, and necrotizing enterocolitis.

General anesthesia for CS has been the most commonly preferred technique in HELLP syndrome. However, high rate of use of regional anesthesia for CS has been documented in a review of 102 cases with preterm HELLP syndrome[61]. According to review of 102 charts, number of antepartum and postpartum HELLP were 95 and 7, respectively. Mean gestational age was 30.6 ± 2.7 (23-36) wk. Most of the parturients underwent regional anesthesia (n = 65). Cases having preoperative mean platelet count of 113000/L (n = 53) underwent CS under CSE, while spinal anesthesia was performed in pregnant women (n = 12) having preoperative platelet count of 95000/L. Interestingly, 2 patients with mean platelet count < 50000/L underwent CS with CSE. One of these patients received platelet transfusion immediately before CSE. Luckily, epidural hematoma has not been reported in none of the patients received regional anesthesia[61].

However, subarachnoid hematoma following spinal anesthesia in a 39-year-old having G3, P2 (151 cm and 52 kg) with severe preeclampsia associated HELLP delivered at 27 weeks’ gestation was reported. A 23 G Quincke spinal needle was used to inject 2.5 mL of hyperbaric bupivacaine for spinal block. Apgar scores of a 696 g of baby were 6 and 9 at 1 and 5 min, respectively. Duration of surgery was approximately 37 min with approximately 400 mL blood loss. Complete recovery of motor block was achieved 5 h after spinal anesthesia. Although preoperative platelet count was 91000/µL, it declined progressively to 30000/L postoperatively (2nd day). Patient was suffering from numbness on the posterior aspect of her thigh and the toes of her right leg and her bladder was insensitive to fullness (urinary retention). Neurologic examination revealed flaccid paraparesis. Power in her right hip was 4/5, while it was 3/5 in her right knee, ankle and toes. There was sensory deficit in her right leg between L3-S5 dermatomes, while it was between L4-S5 dermatomes in her left leg. Spinal subarachnoid hematoma com​pressing cauda equina was observed in the magnetic resonance imaging. Medical treatment including Vit B12 and PG E1 against neurologic deficit, oral neostigmine + bladder exercise for urinary retention, flurbiprofen for relieving headache and neck pain and rehabilitation for paraparesis were performed. Complete recovery was observed 3 mo after conservative treatment (hematoma regression)[62].

PRINCIPLES OF ANESTHETIC MANAGEMENT
Regional anesthesia is recommended in patients with advanced liver disease whenever possible because of the less systemic effects of the locally administered drugs. Regional anesthesia is superior than general anesthesia due to possible liver dysfunction leading to delayed metabolism of general anesthetic drugs. Either central or peripheral blocks could be considered in liver dysfunction and/or failure. Total drug dose used in peripheral block should be cautiously calculated and close monitoring is advocated for side effects[49]. Regarding local anesthetic drugs, t1/2elim of lidocaine increases 3 fold from 108 to 296 min. Meanwhile, increased volume of distribution (Vd) of lidocaine offers some protection against toxicity. α1 acid GP is synthesized even in end stage liver disease which provides some protection against toxicity as well. However, clearance of ropivacaine is less in the end stage liver disease than normal. For ester type local anesthetic drugs, though pseudocholin esterase enzyme production in the liver may decrease in disease state, overall clearance of chloroprocaine is unclear.

Although coagulopathy is an absolute contraindication for regional anesthesia, it can be recommended in selected patients having acceptable coagulation profile. Regional anesthesia blunts hemodynamic effects of stress hormones in the circulation. These hormones depress immune function as well[63]. In all cases, arterial blood pressure should be maintained and sympathetic stimulation should be avoided.

Considering general anesthesia, isoflurane seems to be a better choice[64]. When sevoflurane or desflurane were compared with isoflurane, sevoflurane could have some advantages over others without significant differences among them[65,66]. Nitrous oxide was used to be an inhalation anesthetic despite risk of accumulation of gas in the closed spaces leading to distension[49]. However, liver cell injury with xenon anesthesia has been shown to be impossible which might be a pro​mising alternative agent[67]. 

Successful use of opioids has been reported in liver disease despite there were concerns with delayed drug clearance and prolonged half-life. Fentanyl, if used in relatively moderate doses, is a good choice without affecting oxygen supply, or requirements of the liver[68,69].
The rate of oddi sphincter spasm was nearly 3% due to opioids. Medical treatment can be provided with atropine, naloxane, glucagon, nitroglycerin, volatile anesthetics, or antispasmodic drugs. Anesthesia induction and maintenance are provided with possibly safe drugs and pulmonary and cardiovascular measures should be maintained. Anesthetic management using inhalation agents (isoflurane, desflurane or sevoflurane), alone or in combination with small doses of fentanyl seems to be reasonable. Anesthetist must consider the altered pharmacokinetics in liver disease. Half-life of lidocaine and benzodiazepines may increase by more than 300% and 100%, respectively. Drugs, like sodium thiopentone, highly bound to albumin have a decreased Vd. Therefore, doses should be adjusted accordingly. Among intravenous anesthetic agents, propofol is the most favorable one for liver diseases. It has a short half-life even in cirrhosis. However, either edema or increased gamma globulin resulting in the increased Vd may require to increase the first effective dose of many drugs[49].

Long acting narcotics and sedatives should be avoided in cirrhotic patients. Fentanyl or sufentanil and oxazepam or lorazepam, in conjunction with sevoflurane or propofol are recommended[40,70].
For non-depolarizing muscle relaxants, vecuronium and atracurium are recommended because these muscle relaxants are not metabolized mainly in the liver. Clearance and elimination half-life of atracurium are preserved even in impaired liver or renal function. Because of larger Vd, elimination half-life is shorter in severe hepatorenal dysfunction than that of healthy individuals. Therefore, muscle relaxants are used guided by neuromuscular block monitoring[49].

Suxamethonium which is a depolarizing muscle relaxant is used for providing RSI. It has a prolonged half-life due to decreased serum cholinesterase con​centra​tions in liver dysfunction and during pregnancy. 

Both vecuronium and rocuronium have prolonged elimination in severe cases. Either atracurium or cisatar​curium may be a better option because of independent metabolism of liver and kidney[71]. 

Consequently, rational selection of anesthetic drugs and close monitoring are the key factors for providing safe anesthesia.

POSTOPERATIVE CARE

Even though delayed clearance is a concern in severe liver disease, intravenous opioids can be administered for postoperative analgesia. Neuraxial opioids, esp​ecially a single dose of morphine, may obviate any accumulation issues. Advanced liver disease can lead to hepatic encephalopathy. Neurologic deterioration in the postoperative period may result from the residual effects of anesthetic agents, acute liver decompensation, or an intracranial process. Neurologic observation and liver function monitoring is essential to the proper postoperative management of pregnant women with advanced liver disease[49]. 

SPECIFIC ANESTHETIC CONSIDERATIONS 

Pregnant woman with either mild IHCP or uncom​plicated liver transplantation may be managed in the same manner as a healthy parturient assuming that hepatic synthetic and metabolic functions were intact. Only coagulopathy should be excluded or corrected before regional anesthesia if possible[1].

According to a retrospective cohort study including 319 parturients with or without coagulation tests, no neuraxial hematoma was observed even in case of liver enzyme elevations > 5 times than normal. Postpartum hemorrhage after vaginal or cesarean delivery was 2.4% and 6.3%, respectively. Based on these results, routine coagulation test monitoring in IHCP to minimize neuraxial anesthesia complications or predict postpartum hemorrhage was not necessary. Therefore, neuraxial anesthesia is not necessarily be delayed or avoided in pregnant patient with IHCP[50].

Anesthesia selection for AFLP should be indivi​dualized. General anesthesia with RSI is recom​mended in case of severe coagulopathy. Periopera​tive anesthetic care includes establishing adequate iv access with readily available cross matched blood and blood pro​ducts since PPH is anticipated[49].

In summary, particularly spinal anesthesia is the 1st choice for patients with HELLP syndrome scheduled to undergo CS if there is no progressive thrombo​cytopenia. Close patient monitoring is a must against hemorrhagic complications, DIC or ecclampsia at all times. If neuraxial anesthesia is contraindicated, general anesthesia with RSI should be performed especially in hypertensive patients. Additionally, risk of aspiration due to full stomach and/or difficult airway should be taken into account. General anesthesia is indicated as a 1st option when platelets < 80000/L (class 1 or partially class 2 HELLP syndrome)[71]. 

In conclusion, selection of either general or regional, or MAC alone may not be sufficient enough for good survival and better outcomes because induction of a safe anesthesia in this specific group needs special attention and care with rational choice of drugs under constant careful monitoring. Prevention of further liver injury can be provided by optimizing hepatic blood flow and oxygenation. Effects of anesthesia type and local and general anesthetic drugs on the liver should be carefully considered as well.
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Table 1  The incidence, etiology, symptoms, diagnosis and treatment of the liver disease unique to pregnancy 


  Disease


�
Incidence


�
Etiology


�
Symptoms


�
Diagnosis


�
Prognosis


�
Treatment


�
�
  Hyperemesis 


  gravidarum[3-17]�
1-20/1000 pregnancies


(< 2%)[5]�
Psychological predisposition


Hormones (human chorionic gonadotropin, estradiol)[7]�
Severe nausea and vomiting


Dehydration


Malnutrition 


Poor weight gain[1,7]�
Diagnosis by clinical presentation (persistent vomiting, acute starvation and weight loss)


Increaed levels of liver enzymes (aminotransferase, alkaline phosphatase and amylase)[1,3,8-12]


Rarely, liver biopsy is needed[1,11,12] �
Unchanged maternal and fetal outcomes after use of safe antiemetics


Increased risk of low-birth-weight infants, preterm birth, preeclampsia, and placental abruption in the 2nd trimester[8,16,17]�
Avoid nausea triggering substances


Medical and supportive therapy (ginger, multivitamin or Vit B6 with H1 receptor antagonist doxylamine)


Treatment of dehydration (intravenous infusion of fluids, metoclopramide or promethazine with another H1 receptor antagonist dimenhydramine)[1,8,13-15]�
�
  Acute fatty 


  liver of 


  pregnancy[18-29]�
1/10000-15000 pregnancies[18]


�
Mutations in LCHAD[1,21]


�
Nausea, vomiting, anorexia lethargy, abdominal pain, ascites, progressive jaundice


Polyuria and polydipsia due to transient diabetes insipidus


Acute renal failure 


Hepatic encephalopathy 


Hypertension, proteinuria


and edema[1,4,22,23]�
Diagnosis by clinical and laboratory findings (increased levels of  aminotransferases, ammonia, bilirubin, leukocytosis, hypoglycemia, thrombocytopenia, neutrophilia, coagulopathy, renal dysfunction)[20,22,24]


Tomography and ultrasonography are unremarkable[7]


Liver biopsy reveals microvesicular steatosis[25]�
Liver function improves within a week to months[27]





Preterm delivery (75%) approximately at 


34 wk gestation


Check all mothers with AFLP for defects in fatty acid oxidation[1]


�
Immediate hospitalization 


Supportive measures (glucose infusion, readily availbale blood products)


Prompt delivery�
�
  Intrahepatic 


  cholestasis of 


  pregnancy[1,30-51]�
1-2/1000 pregnancies[1]


�
Multifactorial


genetic (mutations in the MDR3 gene)


Hormonal


Exogenous factors (e.g., progesterone)


Abnormal biliary transport[25,33-35]�
Generalized peripheral pruritus (1st sign)


Chills and abdominal pain


Diarrhea or steatorrhea[36,37]�
Diagnosis by clinical symptoms and/or laboratory tests (increased levels of fasting serum bile acid and elevated bilirubin and transaminase levels)[38]


Liver biopsy is needed only in severe cases and biopsy reveals cholestasis with minimal or no inflammatory changes[39]�
Good maternal outcome


(laboratory results resolve within 2-8 wk postpartum)[7]  


Compromised fetal outcome (spontaneous preterm labor, meconium-stained fluid with some perinatal mortality) in moderate and severe forms[1,42-46]�
Symptomatic medical treatment (ursodeoxycholic acid: UDCA which is B Class safe drug for pregnancy and breastfeeding by FDA)[40,41]


Optimal timing of delivery at the best possible fetal maturity[45]�
�
  HELLP 


  syndrome[1, 51-62]�
0.1%-0.6%[1,52]


�
Usually presents with preeclampsia (4%-12% are with severe preeclampsia)


Endothelial injury with fibrin deposit is the underlying mechanism of the disease[54]�
Right upper quadrant or epigastric pain


Nausea and vomiting


Malaise


Nonspecific viral-like symptoms


headache


visual symptoms[55]�
Liver biopsy is not necessary but if performed sinusoidal fibrin thrombin, hemorrhage, and hepatocellular necrosis might be observed[25] Laboratory findings


Platelet count < 100000/L


Serum aspartate aminotransferase > 70 U/L


Serum lactic dehydrogenase > 600 U/L[56]�
Maternal death (1%)


Perinatal death (7.4%-20.4%)


Pulmonary edema


Acute renal failure


DIC


Abruptio placenta


Liver hemorrhage or failure


ARDS 


Retinal detachment


Stroke


Blood transfusion related complications�
Provide transfer to tertiary care center after confirmed diagnosis


Delivery > 34 weeks’ gestation is recommended if possible


Prophylaxis of seizures with magnesium during labor and 24 h postpartum[58]�
�
HELLP: Hemolysis, elevated liver enzymes and low platelets; LCHAD: Long-chain 3-hydroxyacyl-coenzyme A dehydrogenase; ARDS: Acute respiratory distress syndrome; AFLP: Acute fatty liver of pregnancy; FDA: Food and Drug Administration.
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