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ABSTRACT 

Objective: To report complications of Acute Fatty Liver of pregnancy (AFLP), a rare liver 

disease of pregnancy, and identify prognostic factors for mothers and children.  

Study Design: We conducted a retrospective descriptive study over 18 years in three French 

maternities. Demographic, clinical, biological data, and outcomes of patients and their infants 

were reviewed. 

Results: 142,450 pregnancies from centers were studied. Eighteen patients with AFLP were 

identified The prevalence of AFLP was estimated as 1/7,914 pregnancies. Prolonged 

prothrombin time was identified as a risk factor of maternal complications (OR=0.86, 

p=0.0493). Gestational age at delivery was the only risk factor associated with fetal or 

neonate complications (OR=0.37, p=0.0417). One boy died of previously undiagnosed β-

oxidation deficiency at eight months.  

Conclusion: In AFLP, prothrombin time must be carefully monitored to anticipate major 

maternal complications. Infants born to mothers with ALFP should be screened as early as 

possible for mitochondrial fatty acid oxidation deficiency. 

 

 

Keywords: acute fatty liver of pregnancy, Swansea criteria, metabolic disease, liver, delivery, 

fetal and maternal outcomes 
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INTRODUCTION  

The prevalence of liver diseases in pregnancy is estimated at near 3% of all pregnancies in 

developed countries[1], including liver diseases induced by pregnancy or those revealed 

during pregnancy. Five liver disorders are specific to pregnancy: hyperemesis gravidarum, 

intrahepatic cholestasis, liver disorders associated with pre-eclampsia (PE), Hemolysis, 

Elevated Liver enzymes, and Low Platelet count syndrome (HELLP), and Acute Fatty Liver 

of pregnancy (AFLP). AFLP, initially described in 1940 [2], typically occurs during the third 

trimester of pregnancy, with an incidence ranging between 1/5,000 and 1/20,000 pregnancies 

[3–6]. This disease combines non-specific symptoms as nausea, vomiting or headache, and 

laboratory findings, including elevated transaminases, coagulopathy, and renal impairment. 

Because of these nonspecific characteristics, there is a lack of international consensus for the 

diagnosis of AFLP. Several international teams previously proposed criteria, as Ch’ng and al. 

with Swansea criteria, including both clinical and biological data [7–9] to help with the 

diagnosis. 

Early delivery remains part of the treatment of this disease. Indeed, current data suggest that 

the maternal liver recovers quickly after the birth of the fetus[10,11]. 

However, the pathophysiology of AFLP remains unclear. Different investigations point to 

severe mitochondrial dysfunction in the liver [12] and the association of fetal fatty acid 

oxidation defects with maternal liver disease [8], which could be triggered by several genetic 

and acquired factors [9]. Long-chain 3-hydroxy acyl-CoA dehydrogenase (LCHAD) 

deficiency would play a role in some cases of AFLP [4,13–16]. We conducted a multicenter 

retrospective study over 18 years to report maternal and perinatal outcomes of AFLP, and 

identify prognostic factors for mothers and children.  
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Design  

We performed a multicenter retrospective study between January 2000 to July 2018 in three 

maternity centers of the west of France: Rennes, Vannes, and Saint-Brieuc. We performed 

data mining on the program of the medicalization of information systems (PMIS), using the 

following research criteria "liver diseases during pregnancy, childbirth, and puerperium," 

"acute and subacute liver failure" and "fatty degeneration of the liver not elsewhere 

classified." Approval for the study was obtained from a local institutional review board. 

Patients 

For the analysis of outcomes and features, we included all patients with a diagnosis of AFLP 

based on the declaration of the clinician in charge of the patient and/or declared within the 

PMIS. A study investigator (YJ) reviewed the clinical, biological, imaging, and pathological 

data for each patient.  

AFLP was defined by the association of clinical, biological and imaging characteristics, after 

the exclusion of any other liver disease of pregnancy as intrahepatic cholestasis of pregnancy, 

toxic or viral hepatitis, HELLP syndrome, PE, or pre-existing liver disease. Diagnosis of 

AFLP was retained if alternative diagnosis could not be made. All patients with diagnosed 

AFLP were included regardless of gestational age or kind of pregnancy (singleton or multiple 

pregnancy). 

Data collection 

Maternal data included: age at diagnosis, parity, gravidity, consanguinity, ethnicity, medical 

antecedents (hypertension, diabetes, hypercholesterolemia, preexisting liver disease), 

obstetrical history (cholestasis, AFLP, PE, HELLP, cicatricial uterus), body mass index 

(BMI) and mode of delivery. Maternal laboratory data included: aspartate aminotransferase 

(ASAT), alanine aminotransferase (ALAT), creatinine, blood urea nitrogen (BUN), estimated 

glomerular filtration rate (eGFR), serum and urine total proteins, alkaline phosphatase (ALP), 
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gamma-glutamyl transferase (GGT), whole and conjugated bilirubin, bile acid, lactate 

dehydrogenase (LDH), uric acid, haptoglobin, glycemia, hemoglobin, platelets, leukocytes, 

prothrombin time (PT), fibrinogen, factor V, and hepatitis serology. Medical imaging data 

included ultrasounds and computerized tomography. Pathological data concerned LB results 

and placenta examination. Data collected for the infants included birth weight, Apgar score, 

sex, pH and lactate at birth, and molecular diagnosis of LCHAD deficiency. We recorded 

maternal and fetal complications and their outcomes.  

Outcome measures 

Our primary outcome for mothers was a serious maternal complication: ICU hospitalization, 

long stay in ICU, disseminated intravascular coagulation (DIC), pleural effusion, ascites, 

hemorrhage, and/or acute kidney injury. 

The primary outcome for the fetuses or neonates was intrauterine death (IUD) and admission 

to the neonatal intensive care unit (NICU). 

Statistical analysis 

A descriptive statistical analysis was performed on SAS software (v 9.4). Qualitative data 

were expressed in number (n) and percentage (%); the quantitative variables were described 

as follows: N, the minimum and maximum values, medians, and interquartile (IQ) ranges. We 

considered variables with a p-value lower than 0.05 as significant in univariate analysis. 

Univariate logistic regressions were performed on each variable to examine the association 

between clinical, biological, imaging, and pathology data adverse maternal and neonatal 

outcomes. For this latter analysis, twin-pregnancies were excluded.  

For logistic regression, the severity criteria in the mothers included in the model were: DIC, 

pleural effusion/ascites, hemorrhage, and malignant hypertension, and severity criteria for the 

fetuses or neonates included were IUD and NICU admission. 
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RESULTS  

Description of the population 

A total of 142,450 pregnancies were recorded in the regional center’s neonatal screening 

registry (covering the three French maternity centers cited above) between January 2000 and 

July 2018. After exclusion, we identified 122 records of pregnancies using the criteria 

mentioned previously for AFLP inclusion. One hundred and four women were excluded as 

they suffered from other pre-existing liver diseases or liver disease of pregnancy that was not 

AFLP, or because of a lack of final diagnosis (Figure 1). Eighteen patients were finally 

diagnosed as suffering from AFLP, giving an estimated prevalence of 1 case per 7,914 

pregnancies. Eleven patients (61%) were primiparous. It was the first pregnancy for nine of 

them (50%). The mean maternal age at diagnosis was 28.2 ± 4.7 years (17-39 years). One 

mother had a clinical history of intrahepatic cholestasis of pregnancy (5.6%). None of the 

patients had major medical or surgical event before the pregnancy. The median BMI was 21.5 

kg/m
2
 (IQ: 20.3-24.9; n=15), and three presented a BMI < 19 kg/m

2
 (20%). One of the 

pregnancies was a spontaneous bichorial twin pregnancy (5.6%). The median gestational age 

at diagnosis was 35.2 weeks of gestation (WG) (IQ 33.1-37.9). Ten neonates were male 

(52.6%). 

Initial presentation and Swansea criteria in mothers 

Clinical, biological characteristics and Swansea criteria are summarized in Table 1.  

Sixteen patients (89%) experienced prodromal syndrome: nausea and vomiting (61%), 

abdominal pain (33%), polyuria-polydipsia syndrome (39%), and encephalopathy (22%). 

Other symptoms at diagnosis included severe asthenia (72%), jaundice (56%), anorexia 

(28%), episodes of confusion (22%), and skin pruritus (17%).  

The biological results are detailed in Table 2. Hypoglycemia was reported for six patients. All 

patients presented hepatic cytolysis with ALAT> ASAT in 11 patients out of 18. All patients 
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had bilirubin higher than 14 µmol/L. Low concentrations of fibrinogen were observed in 82 % 

(reference values: 3.7 to 6.2 g/L in the third trimester of pregnancy). A prolonged 

prothrombin time (PT) was observed in 15 patients (Range: 18-96%). Fourteen patients (78%) 

exhibited an acute kidney injury with a creatinine higher than 100 μmol/L and 50% of patients 

> 150 mol/L). 

The leukocytes counts were higher than 11 G/L in 15 of the patients (83%). Overall, 100% of 

the patients presented elevated transaminase and bilirubin levels.  

Liver ultrasound was performed in fourteen of the 18 patients (78%). Nine out of the 14 

patients with hepatic imaging data (64%) presented a hyperechoic liver compatible with 

hepatic steatosis without dilatation of bile ducts. Three patients (20%) had ascites.  

A LB was performed in three patients (17%) demonstrating, in each case, the presence of 

microvesicular steatosis.  

The number of Swansea criteria ranged between 4 and 10. Sixteeen patients presented six or 

more Swansea criteria.  

Deliveries  

The vaginal delivery rate was 11% (two patients in labor at admission, fast labor). All births 

occurred within 48 hours after the admission. In three cases, corticoid fetal pulmonary 

maturation was performed before delivery. In one patient, the diagnosis of AFLP was not 

evident on the day of hospitalization and was made after clinical and biological monitoring.  

Maternal Outcomes  

The maternal outcomes are summarized in Table 3. Fourteen mothers (78%) were 

hospitalized in the ICU for an average length of stay of 2.2 ± 2.2 days (1 to 8 days). Severe 

complications were: DIC (33%), pleural effusion/ascites (17%), acute kidney failure (78%) or 

hemorrhage (17%), including retroperitoneal hematoma, cataclysmic hemorrhage, and 

hemoperitoneum requiring surgical revision. No maternal death was reported, and no mothers 
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needed dialysis or liver transplantation. Trouble of coagulation were not systematically 

associated with the severity of the hepatic cytolysis.  

Univariate analysis identified that an abnormal PT was associated with severe maternal 

complications (OR = 0.86 [CI95% 0.73; 1.00] p=0.0493) (Table 4).  

Fetal and infant outcomes 

The neonatal outcomes are summarized in Table 3. Thirteen children (68.4%) were born 

prematurely, five of them (38.5%) before 34 WG, and eight (61.5%) between 34 and 37 WG. 

The median birth weight of the neonates was 2,415 g (IQ: 2,015-2,790). Birth weight of less 

than 2,000 g was observed in 21% of neonates. One suffered from fetal growth restriction 

(<10
th

 percentile). Ten children (52.6%) were hospitalized in the NICU. Two fetuses died in 

utero. In both cases, an emergency cesarean section was performed because of a maternal 

multi-organ failure. No neonate died during the first care, and one infant died at eight months. 

Severe complications in the neonates were associated with an early gestational age at delivery 

(OR = 0.37 [CI95% 0.14; 0.96] p=0.0417) (Table 4). The frequency of complications 

decreased as the gestational age at delivery increased.  

Outcome after the acute episode 

Maternal biological data normalized within the month following delivery without any organic 

sequelae for mothers.  

All neonates displayed initial healthy development. At eight months, one infant presented 

with episodes of ocular revulsion, limb hypertonicity, and axial hypotonia secondary to 

prolonged fasting as part of an infection. The child died of cardiorespiratory arrest with 

hepatic encephalopathy and hypertrophic cardiomyopathy. LCHAD deficiency caused by a 

mutation in HADHA gene was identified in this child . The only other child screened for 

HADHA mutation did not exhibit any variant.  
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DISCUSSION  

AFLP is a rare but life-threatening complication occurring typically during the third trimester 

of pregnancy. In our cohort, eighteen mothers with AFLP were identified over a 18 years 

period, giving an estimated prevalence of one case for 7,914 pregnancies, similar to that of 

previous studies [17] (Table 5).  

Diagnosis of AFLP is commonly based on the Swansea criteria, or on the AFLP-Triad 

described by Vigil-De Gracia [7,11,17–20]. In our population, 16 patients exhibited from six 

to ten Swansea criteria. For the two mothers with less than six criteria, HELLP syndrome or 

other liver diseases were rejected. Indeed, in previous cohorts, a small percentage of bona fide 

cases of AFLP did not fulfill the Swansea criteria [17,21]. Fifteen mothers exhibited 

prolonged PT, all exhibited elevated transaminases (>46 IU/L), and bilirubin (>14 mol/L) 

that should be considered as arguments for the diagnosis.  

Hyperechogenicity of the liver on liver ultrasound scans that we observed in 64% of the 

patients is an additional argument for diagnosis [22–24]. 

Timely fetal extraction is mandatory to improve both maternal and fetal prognosis [10,25]. 

There is no consensus for the way of delivery, but cesarean section is associated with lower 

risk of peripartum mortality in this context.  

In our cohort, two fetuses (10.5%) died in utero, which is in the range of previously described 

fetal mortality [14,15,26]. Gestational age at delivery was identified as the only risk factor 

associated with fetal or neonatal complications (OR=0.37). Early gestational age at diagnosis 

was correlated with more neonatal complications. This factor was previously identified in a 

Chinese cohort as a factor of perinatal death [22]. It remains to be established whether this 

observation is relative to AFLP or secondary to complications of prematurity. 

To date, maternal mortality in AFLP is estimated at around 2% [7,10,27]. We observed no 

maternal death in our cohort. We identify that prolonged PT was significantly associated with 

Acc
ep

ted
 m

an
us

cri
pt



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 10 

a risk of severe maternal complications (OR = 0.86). This defect in the coagulation pathway is 

likely due to the hepatocellular deficiency related to the primary injury of the liver, and 

possibly to the accumulation of some long-chain hydroxy-fatty acids [16]. A deficiency of 

coagulation proteins has been previsouly identified as a risk factor of severe complications in 

AFLP [22,28,29]. Zhang et al. and Gao et al. also observed an association between PT and 

maternal complications in AFLP [22,30].  

In our population, an 8-month old boy died of LCHAD deficiency. LCHAD deficiency 

(OMIM 609016) has previously been reported in children born from mothers suffering from 

AFLP [4,14,16,31]. However, the incidence of LCHAD deficiency is 1/100,000, which is 

lower than AFLP. The etiology of AFLP is probably multifactorial, involving maternal and 

fetal factors (BMI < 20 kg/m
2
, primiparity [32], multiple pregnancies [19,28,33], male fetus 

[17,34,35], history of AFLP [36]), and genetic and non-genetic factors altering mitochondrial 

function [21,37–41]. Infants born from mothers with AFLP should be systematically screened 

for mitochondrial fatty-acid oxidation deficiency to prevent metabolic decompensation.  

Our study has several strengths. This study is the most extensive retrospective European study 

on AFLP in the last decade. It provided detailed information on clinical and biological 

characteristics of patients with AFLP. It also gave reports on maternal and fetal prognosis. 

However, it is a retrospective study, and the results might not be generalizable. The limited 

number of patients reflects the low prevalence of the disease. Two patients did not present six 

Swansea criteria, but were classified as AFLP after the exclusion of all other liver diseases of 

pregnancy. Finally, only two out of 18 children were screened for fatty acid oxidation 

disorders and only one of them before clinical decompensation. Association between fatty 

acid oxidation disorders and AFLP has been widely reported and, therefore, should have 

triggered neonatal testing in all cases. However, as some contributors to the manuscript are 
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regional referents following all LCHAD deficiency-diagnosed infants in the geographic area, 

we note that, unfortunately, many children are not tested. 

In conclusion, we identified a prevalence of 1/7,914 pregnancies of AFLP. Prolonged 

maternal PT was associated with maternal complications. The term at birth correlated with 

infant complications. Moreover, we point out the need for screening infants for mitochondrial 

beta-oxidation of fatty acid disorders to limit the risk of infant deaths, when the mother 

developed AFPL during pregnancy.  
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TABLE LEGENDS  

 

Table 1: Swansea criteria. [7], and clincal signs at diagnosis of AFLP. Criteria were 

divided into four different classes, namely clinical, biological, imaging, and pathology. Other 

symptoms were listed below. NA: not available. 

Table 2: Biological data at diagnosis for women  

Table 3: Patients outcomes and treatments 

DIC: disseminated intravascular coagulopathy 

Aucte kidney failure: Creatinine > 100 μmol/L 

Hepatocellular insufficiency : cytolysis > 2N, bilirubin > 14 μmol/L , PT < 70 % and Factor 5 

< 70 % 

Table 4: Univariate analysis of the risk factors of severe complications in AFLP 

(maternal and neonatal) 

All variables with a p-value < 0.10 are presented. For this analysis, the mother with twin 

gestation was excluded, so 17 pregnancies were studied. In bold, are indicated p values < 

0.05. 

Table 5: Primary published studies on AFLP cohorts over the last decade 

DIC: disseminated intravascular coagulopathy 
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FIGURE LEGENDS  

 

Figure 1: Flow chart of patients’ selection 

We retrospectively selected 122 records in the PMSI database. Among these, 104 patients 

were excluded as they suffered either from another pre-existing liver disease or from a liver 

disease in pregnancy that was not AFLP. Moreover, 23 patients with no final diagnosis were 

excluded. Finally, 18 patients were retained as suffering from AFLP.
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Table 1 

 

Signs 

Number of patients with 

the corresponding 

criteria 

 

Number of patients 

with available data 

Swansea criteria 

Clinical symptoms 

Nausea and vomiting 11 18 

Upper abdominal pain 6 18 

Polyuria/polydipsia  7 18 

Encephalopathy 4 18 

Biological exams  

Elevated bilirubin (> 14 μmol/L) 18 18 

Hypoglycemia (< 4 mmol/L) 6 18 

Elevated urate (> 340 μmol/L) 13 18 

Leukocytosis (> 11 10 
9
/L) 15 18 

Elevated transaminases (ASAT or ALAT > 

42 U/L) 
18 18 

Elevated ammonia (> 47 μmol/L) NA NA 

Elevated creatinine (> 100 μmol/L) 14 18 

PT<80%  15 18 

Imaging and pathological findings 

Ascites or bright liver on ultrasound scan 12 15 

Liver biopsy 3 18 

Microvesicular steatosis on LB 3 3 

Other clinical signs 

Asthenia 13 18 

Jaundice 10 18 

Skin pruritus 3 18 

Anorexia 5 18 

Edema 2 18 

Hypertension 1 18 

Epistaxis  1 18 

Metrorrhagia 1 18 

Hematemesis 1 18 
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Table 2 

    
  

Min-max Median (IQ) 

Reference values 

for third trimester 

of pregnancy 

Hematological data 

Hemoglobin (g/dL) 10.8-16.9 13.2 (IQ 12.4-15.1) 11-12 

Leukocytes (10^9/L) 7.6-26.3 14.9 (IQ 11.9-21) 4-15 

Platelets (10^9/L) 44-347 175 (IQ 154 -227) 150-400 

PT (%) 18-97 44 .5 (IQ 31-62) 80-100 

Fibrinogen (g/L) 0.57-6.34 2.3 (IQ 1.8-2.86) 5-6 

Factor V (%) 21-69 43 (IQ 27-49)  70-120 

Biochemical data 

AST (U/L) 96-3486 438 (IQ 236-488) 0-35 

ALT (U/L) 124-2148 463 (IQ 290-540) 0-35 

Alkaline phosphatase (U/L) 106-1302 340 (IQ 236-595) 30-120 

Gamma-glutamyl transpeptidase 

(U/L) 

20-398  74 (IQ 51-231) 0-30 

Total bilirubin (μmol/L) 26-206 67.5 (IQ 51-95) 2-12 

Lactate dehydrogenase (U/L) 341-2680 824 (IQ 532-1092) 50-150 

Creatinine (μmol/L) 41-280 150 (IQ 102-180) 35-71 

Glomerular filtration rate 

(mL/min) 

16-137 40 (IQ 33-66)  

Uric acid (μmol/L) 241-1197 578 (IQ 398-607) 120-420 

  

Acc
ep

ted
 m

an
us

cri
pt



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 18 

Table 3  

 

Maternal clinical features (n=18) 

Hospitalization in ICU 

Less than two days 

Two days or more 

14 (78%) 

9 (72%) 

5 (28%) 

Hemorrhage 3 (17%) 

DIC 6 (33%) 

Pleural effusion and or ascites 3 (17%) 

Kidney failure 14 (78%) 

Hepatocellular insufficiency 18 (100%) 

Blood transfusion 6 (33%) 

Plasma transfusion 8 (44%) 

Fibrinogen transfusion 6 (33%) 

Albumin transfusion 2 (11%) 

Neonatal outcomes (n=19) 

< 34 WG 5 (26%) 

34 - 37 WG 8 (42%) 

Intrauterine fetal distress 7 (37%) 

Neonatal intensive care unit 10 (53%) 

Birth weight < 2,000g 4 (21%) 

Fetal death 2 (10.5%) 

Infant death from complications 1 (5%) 
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Table 4 

 

Maternal outcomes 

  

Number of 

cases with the 

corresponding 

criterion 

Number of 

patients with 

severe 

complications 

OR IC 95% p 

Swansea criteria  17 7 2.35 [0.92 ; 6.01] p = 0.0733 

Parity         

0 10 2 

10.00 [1.05 ; 95.46] 

p = 0.0455 

1 or 2 7 5 

PT  17 7 0.86 [0.73 ; 1.00] p = 0.0493 

Neonatal outcomes 

  Number of 

cases with the 

corresponding 

criterion 

Number of 

patients with 

severe 

complications 

OR IC 95% p 

Gamma-

glutamyl 

transpeptidase 

17 10 0.99 [0.98 ; 1.00] p = 0.0944 

Uric acid  13 7 1.01 [1.00 ; 1.03] p = 0.0635 

Gestational age 

at delivery 

17 10 0.37 [0.14 ; 0.96] p = 0.0417 
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Table 5 

Reference 
Nature of the 

study 
Objectives 

number of 

inclusion 

numbe

r of 

AFLP  

Diagnosis of 

AFPL 

WG at 

diagnosis 

mean +/-

SD (wk) 

Main results 

Lin et al. [42] 

8-year 

retrospective and 

single-center 

To analyze 

characteristics, 

outcomes and 

possible risk factors 

among obstetrics 

patients admitted to 

the ICU  

426 

pregnant 

women ≥20 

weeks of 

gestational 

age 

5 NA NA 

Pregnancy with acute fatty liver is a risk factor for IUC 

admission (OR=16.233) 

 

Acute fatty liver was statistically significant with pregnant 

women mortality (p<0.05) 

Gao et al. [30] 

5-year 

retrospective and 

multicenter 

To summarize clinical 

characteristics, 

outcomes and risk 

factors of maternal 

and fetal mortality 

140 133 

Clinical features 

and laboratory 

findings and ≥6 

Swansea criteria 

36.1±2.7 

Maternal death: 68.2% 

 

50% of perinatal death 

 

Risk for poor maternal outcomes: male fetus, postpartum 

diagnosis of AFLP, intrauterine fetal death, DIC, prolonged 

PT and activated partial thromboplastin time 

 

Risk factors for fetal mortality: fetal distress, prolonged 

activated partial thromboplastin time 

Zhang et al. 

[22] 

5-year 

retrospective 

study 

To collect information 

from AFLP patients to 

provide references for 

future clinical practice 

56 56 

Based on 

Swansea criteria 

and AFPL-triad 

of Vigil-de-

Garcia and 

Montufar-Rueda 

33.68±4.15 

Risk factors for complications: PT and INR 

 

Risk factors for perinatal death: Gestational age at delivery, 

direct bilirubin, and fibrin degradation products 

 

Main maternal complications: hypoproteinemia, 

coagulopathy, acute renal failure, ascites and DIC 

 

16% of perinatal death 

Allen et al. [43] 

14-year 

retrospective and 

multicenter 

To determine the 

incidence of liver 

diseases in pregnancy, 

the maternal and fetal 

outcomes, the long 

term prognosis 

35,101 

pregnancies 

247 women 

with liver 

disease of 

pregnancy 

1 

Clinical and 

biological 

diagnosis 

NA The infant of the AFLP mother died 
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Reference 
Nature of the 

study 
Objectives 

number of 

inclusion 

numbe

r of 

AFLP  

Diagnosis of 

AFPL 

WG at 

diagnosis 

mean +/-

SD (wk) 

Main results 

Nelson et al. [6] 

38-year 

retrospective and 

single-center 

To provide a 

description of clinical 

and laboratory 

findings in women 

with AFLP 

492,000 

deliveries 
51 

Clinical and 

biological 

diagnosis 

Swansea criteria 

and AFPL-triad 

of Vigil-de-

Garcia and 

Montufar-Rueda 

37.0 ± 2.6 

Risk factors for complications of AFLP: Hepatic failure with 

multiorgan involvement 

 

Maternal death: 4% 

 

Perinatal mortality rate 12% 

 

Incidence of 1/10,000 births 

Vigil-de Gracia 

et al. [11] 

14-year 

retrospective  

and multicenter 

To report experience 

with the diagnostic, 

the clinical and 

biochemical findings, 

complications and 

maternal-perinatal 

outcomes 

35 35 

Clinical 

symptoms, 

complications, 

and laboratory 

evidence of acute 

hepatic 

dysfunction in the 

third trimester of 

pregnancy with 

complete 

resolution of the 

liver function 

postpartum 

36 

Maternal mortality: 11.4% 

 

Fetal mortality rate: 12.5% 

 

Dekker et al. 

[44] 

23-year 

retrospective  

and multicenter 

To assess maternal 

death   

4,608,253 

live births 

538 cases 

of maternal 

death 

6 

Clinical and 

biological 

diagnosis 

Microscopic 

examination of 

liver in post 

mortem: 

histological signs 

of AFLP 

38.2  

Maternal mortality: 0.13/100,000 live births 

 

Maternal morbidity: 3.2/100,000 deliveries 

 

Perinatal  mortality rate: 22.7% 

 

Incidence: 3.2/100,000 births 
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Reference 
Nature of the 

study 
Objectives 

number of 

inclusion 

numbe

r of 

AFLP  

Diagnosis of 

AFPL 

WG at 

diagnosis 

mean +/-

SD (wk) 

Main results 

2-year 

retrospective and 

multicenter 

To assess severe 

maternal morbidity  

371,021 

deliveries 
12 

Clinical and 

biological 

diagnosis 

34.5 

Lau et al. [24] 

22-year 

retrospective and 

single-center 

To evaluate the 

demographics, 

clinical presentations, 

laboratory findings, 

and maternal and fetal 

outcomes  

136,214 

deliveries  
18 

acute hepatic 

failure in the 3
rd

 

trimester, 

abdominal pain, 

nausea or 

vomiting, 

laboratory 

evidence of 

hepatic failure, 

signs of 

coagulopathy 

35.6 ±2.8 

Risk factors for complications: Morbidities: acute renal 

failure, hypoglycemia, DIC 

 

Maternal death: 11% 

 

Perinatal mortality rate: 18% 

 

Incidence: 1/7,568 births 

Goel et al. [33] 

8-year 

retrospective and 

single-center 

To assess the 

accuracy of the 

Swansea criteria to 

predict hepatic 

microvesicular 

steatosis in patients 

with suspected 

pregnancy-related 

liver disease 

34 24 

Swansea criteria 

versus 

histological 

examination 

36 

20 patients fulfilled Swansea criteria for AFLP 

 

Sensitivity of Swansea criteria for microvesicular steatosis: 

100% 

 

Specificity and Sensitivity of Swansea criteria for 

microvesicular steatosis: 57% 
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Reference 
Nature of the 

study 
Objectives 

number of 

inclusion 

numbe

r of 

AFLP  

Diagnosis of 

AFPL 

WG at 

diagnosis 

mean +/-

SD (wk) 

Main results 

Knight et al. 

[17] 

20-month 

retrospective 

from 229 UK 

hospitals 

To evaluate proposed 

diagnostic criteria, to 

accurately document 

the incidence, 

management, and 

outcomes 

80 57 

Symptoms and 

signs consistent 

with AFLP or 

AFLP confirmed 

by biopsy or 

postmortem 

Median 36 

 

 

Risk factors for complications: Twin pregnancies and low 

BMI 

 

Maternal death: 1.8% 

 

Perinatal mortality rate: 10.4% 

 

Incidence of 1/20,000 births 
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2 

ABSTRACT 1 

Objective: To report complications of Acute Fatty Liver of pregnancy (AFLP), rare liver 2 

disease of pregnancy, and identify prognostic factors for mothers and children. 3 

Study Design: We conducted a retrospective descriptive study between January 2000 and July 4 

2018 in three French maternity centers. Demographic, clinical, biological data, and outcomes 5 

of patients and their infants were reviewed. 6 

Results: 142,450 pregnancies from three French maternity centers were studied. 

i

Eighteen 7 

patients with AFLP were identified for over 18 years. The incidence of AFLP was estimated 8 

as 1/7,914 pregnancies. Prolonged prothrombin time, expressed as ratio was identified as a 9 

risk factor of maternal complications (OR=0.86, 95% CI (0.73-1.00), p = 0.0493). Gestational 10 

age at delivery was the only risk factor associated with fetal or neonate complications 11 

(OR=0.37, 95% CI (0.14-0.96), p = 0.0417). One boy died of previously undiagnosed β-12 

oxidation deficiency at eight months. 13 

Conclusion: In AFLP, the finding of a prolonged prothrombin time may suggest an increased 14 

risk for major maternal complications and must be carefully monitored. Infants born to 15 

mothers with ALFP should be screened as early as possible for mitochondrial fatty acid 16 

oxidation deficiency. 17 

18 

19 

Keywords: acute fatty liver of pregnancy, Swansea criteria, metabolic disease, liver, delivery, 20 

fetal and maternal outcomes 21 

22 

23 

24 
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INTRODUCTION 1 

The prevalence of liver diseases in pregnancy is estimated at near 3% of all pregnancies in 2 

developed countries[1], including liver diseases induced by pregnancy or those revealed 3 

during pregnancy. Five liver disorders are specific to pregnancy: hyperemesis gravidarum, 4 

intrahepatic cholestasis, liver disorders associated with pre-eclampsia (PE), Hemolysis, 5 

Elevated Liver enzymes, and Low Platelet count syndrome (HELLP), and Acute Fatty Liver 6 

of pregnancy (AFLP). AFLP, initially described in 1940 [2], typically occurs during the third 7 

trimester of pregnancy, with an incidence ranging between 1/5,000 and 1/20,000 pregnancies 8 

[3–6]. This disease combines non-specific symptoms as nausea, vomiting or headache, and 9 

laboratory findings, including elevated transaminases, coagulopathy, and renal impairment. 10 

Because of these non-specific characteristics, there is a lack of international consensus for the 11 

diagnosis of AFLP. In the literature, diagnostic criteria for AFLP known as the Swansea 12 

criteria have been proposed by Ch'ng et al. as a means to distinguish AFLP from other causes 13 

of liver dysfunction, including HELLP, but these have not been extensively validated and 14 

remain still debated [7–9]. 15 

Moreover, the pathophysiology of AFLP remains unclear. The origin seems to be 16 

multifactorial but mitochondrial dysfunction might be the essential cause. Different 17 

investigations point to severe mitochondrial dysfunction in the liver in the case of AFLP [10]. 18 

The authors suggested that oxidation of fatty acids decreased at the end of gestation, because 19 

of morphological abnormalities of hepatic mitochondria. This modification of liver cell 20 

function might be due to sex hormones such as estradiol and progesterone that inhibited the 21 

mitochondrial beta-oxidation [10]. One other hypothesis is that high cytokines in an infectious 22 

context can impair mitochondrial function [11]. Finally, the association of fetal fatty acid 23 

oxidation defects with maternal liver disease [8], could be triggered by several genetic and 24 

acquired factors [9]. Long-chain 3-hydroxy acyl-CoA dehydrogenase (LCHAD) deficiency 25 
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might play a role in some cases of AFLP [4,12–15]. Some authors suggested that the 1 

accumulated 3-hydroxy-fatty acids in the mother's liver might be causative, perhaps as a 2 

maternal hepatic toxin [16]. 3 

To our knowledge, little data exist regarding the description of maternal and fetal outcomes of 4 

AFLP. In 2018, Gao et al. aimed to describe the characteristics of AFLP and assessed the 5 

outcomes and risk factors of the mother and fetus [17]. They concluded that the history of 6 

legal termination of pregnancy was the higher risk factor for maternal mortality. More 7 

recently, Chang et al. conducted a retrospective study to describe the frequency of negative 8 

maternal and fetal outcomes [18]. They found that patients with worse outcomes were 9 

younger, had a singleton, the increased value of ALT and bilirubin, and prolonged 10 

prothrombin time. We conducted a multicenter retrospective study over 18 years to report 11 

maternal and perinatal outcomes of AFLP, and identify prognostic factors for mothers and 12 

children. 13 

14 

METHODS 15 

Design  16 

We performed a multicenter retrospective study between January 1
st
, 2000, and July 31

st
, 17 

2018.in three maternity centers of the west of France: Rennes, Vannes, and Saint-Brieuc. We 18 

performed data mining on the program of the medicalization of information systems (PMIS), 19 

using the following research criteria "liver diseases during pregnancy, childbirth, and 20 

puerperium," "acute and subacute liver failure" and "fatty degeneration of the liver not 21 

elsewhere classified." Approval for the study was obtained from a local institutional review 22 

board. 23 

Patients 24 
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 5 

For the analysis of features and outcomes, we included all patients with a diagnosis of AFLP 1 

based on the diagnosis of the treating clinician and/or declared in the PMIS. The diagnosis of 2 

AFLP was based on the association of clinical and biological data. ALFP was diagnosed if 3 

patients had nausea, vomiting or headache, elevated transaminases, coagulopathy, and renal 4 

impairment. AFLP was defined as a certain diagnosis after the exclusion of any other liver 5 

disease of pregnancy as intrahepatic cholestasis of pregnancy, toxic or viral hepatitis, HELLP 6 

syndrome, PE, or preexisting liver disease. The diagnosis of AFLP was retained if an 7 

alternative diagnosis could not be made. All patients with diagnosed AFLP were included 8 

regardless of gestational age or kind of pregnancy (singleton or multiple pregnancies). A 9 

posteriori, and for each patient with a diagnosis of AFLP, a study investigator (YJ) reviewed 10 

the clinical, biological, imaging, and pathological data to include or exclude patients.  11 

Data collection 12 

Maternal data included: age at diagnosis, parity, gravidity, consanguinity, ethnicity, medical 13 

antecedents (hypertension, diabetes, hypercholesterolemia, preexisting liver disease), 14 

obstetrical history (cholestasis, AFLP, PE, HELLP, cicatricial uterus), body mass index 15 

(BMI) and mode of delivery. Maternal laboratory data collected at admission included: 16 

aspartate aminotransferase (AST), alanine aminotransferase (ALT), creatinine, blood urea 17 

nitrogen (BUN), estimated glomerular filtration rate (eGFR), serum and urine total proteins, 18 

alkaline phosphatase (ALP), gamma-glutamyl transferase (GGT), whole and conjugated 19 

bilirubin, bile acid, lactate dehydrogenase (LDH), uric acid, haptoglobin, glycemia, 20 

hemoglobin, platelets, leukocytes, prothrombin time ratio (PT), fibrinogen, factor 5 (or 21 

proaccelerin that reflects both coagulation disorders and liver function disorders), and 22 

hepatitis serology. Medical imaging data included ultrasounds and computerized tomography. 23 

Pathological data concerned liver biopsy results and placenta examination. Data collected for 24 

the infants included birth weight, Apgar score, sex, pH and lactate at birth, and molecular 25 
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diagnosis of LCHAD deficiency. We recorded maternal and fetal complications and their 1 

outcomes. 2 

Outcome measures 3 

Our primary outcome for mothers was a serious maternal complication: Intensive Care Unit 4 

hospitalization (ICU), long stay in ICU (more than 2 days of hospitalization), disseminated 5 

intravascular coagulation (DIC), pleural effusion, ascites, hemorrhage, and/or acute kidney 6 

injury. 7 

The primary outcome for the fetuses or neonates was intrauterine death (IUD) and admission 8 

to the neonatal intensive care unit (NICU) immediately after birth. 9 

Statistical analysis 10 

A descriptive statistical analysis was performed on SAS software (v 9.4). All demographic, 11 

clinical and biological data were analyzed in statistical analysis. Qualitative data were 12 

expressed in number (n) and percentage (%); the quantitative variables were described as 13 

follows: N, the minimum and maximum values, medians, and interquartile (IQ) ranges. All 14 

variables with a p-value < 0.10 are presented in Table 3. We considered variables with a p-15 

value lower than 0.05 as significant in univariate analysis. 16 

Univariate logistic regressions were performed on each variable to examine the association 17 

between clinical, biological, imaging, and pathology data with adverse maternal and neonatal 18 

outcomes. For this latter analysis, twin-pregnancies were excluded. 19 

For logistic regression, the severity criteria in the mothers included in the model were: DIC, 20 

pleural effusion/ascites, hemorrhage, and malignant hypertension, and severity criteria for the 21 

fetuses or neonates included were IUD and NICU admission. 22 

23 

24 

RESULTS 25 
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 7 

Description of the population 1 

A total of 142,450 pregnancies were recorded in the regional center's neonatal screening 2 

registry (covering the three French maternity centers cited above) between January 1
st
, 2000 3 

and July 31
st
, 2018. After exclusion, we identified 122 records of pregnancies using the 4 

criteria mentioned previously for AFLP inclusion. One hundred and four women were 5 

excluded as they suffered from other preexisting liver diseases or liver disease of pregnancy 6 

that was not AFLP, or because of a lack of final diagnosis (Figure 1). Eighteen patients were 7 

finally diagnosed as suffering from AFLP, giving an estimated incidence of 1 case per 7,914 8 

pregnancies. The mother's baseline characteristics are reported in Table 1. Eleven patients 9 

(61%) were primiparous. It was the first pregnancy for nine of them (50%). The median age at 10 

diagnosis was 27.5 (IQ 26-29.8). One mother had a clinical history of intrahepatic cholestasis 11 

of pregnancy (5.6%) for a previous pregnancy. None of the patients had major medical or 12 

surgical events before the pregnancy. The median BMI was 21.5 kg/m
2
 (IQ: 20.3-24.9; n=15), 13 

and three patients presented a BMI < 19 kg/m
2
 (20%). One of the pregnancies was a 14 

spontaneous bichorial twin pregnancy (5.6%). The median gestational age at diagnosis was 15 

35.2 weeks of gestation (WG) (IQ 33.1-37.9). Ten neonates were male (52.6%). 16 

Initial presentation and Swansea criteria in mothers 17 

Clinical, biological characteristics and Swansea criteria are summarized in Table 1 and 18 

Figure 2A. The repartition of Swansea criteria in the study population is presented in Figure 19 

2B. Sixteen patients (89%) experienced prodromal syndrome: nausea and vomiting (61%), 20 

abdominal pain (33%), polyuria-polydipsia syndrome (39%), and encephalopathy (22%). 21 

Other symptoms at diagnosis included severe asthenia (72%) defined as significant exhaustion 22 

in the absence of any effort, not improved by rest, jaundice (56%), anorexia (28%), episodes 23 

of confusion (22%), and skin pruritus (17%).  24 

 25 
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The biological results are detailed in Table 1. Hypoglycemia was reported for six patients 1 

(33%). All patients presented hepatic cytolysis with ALT> AST in 11 patients out of 18 2 

(61%). All patients had bilirubin higher than 14 µmol/L. Low concentrations of fibrinogen 3 

were observed in 82 % (reference values: 3.7 to 6.2 g/L in the third trimester of pregnancy). A 4 

prolonged prothrombin time (PT; expressed as ratio) was observed in 15 patients (83%) 5 

(Range: 18-96%). Fourteen patients (78%) exhibited an acute kidney injury with a creatinine 6 

higher than 100 μmol/L, and 50% of patients > 150 mol/L). 7 

The leukocytes counts were higher than 11 G/L in 15 of the patients (83%). Overall, 100% of 8 

the patients presented elevated transaminase and bilirubin levels. 9 

Liver ultrasound was performed in fourteen of the 18 patients (78%). Nine out of the 14 10 

patients with hepatic imaging data (64%) presented a hyperechoic liver compatible with 11 

hepatic steatosis without dilatation of bile ducts. Three patients (20%) had ascites. 12 

A liver biopsy was performed in three patients (17%) demonstrating, in each case, the 13 

presence of microvesicular steatosis. 14 

The number of Swansea criteria ranged between 4 and 10. Sixteen patients (89%) presented 15 

six or more Swansea criteria (Figure 2B). 16 

Deliveries 17 

The vaginal delivery rate was 11% (two patients in labor at admission with prompt 18 

deliveries). All births occurred within 48 hours after the admission. Three patients received 19 

steroids in the prevention of prematurity-related complications. In one patient, the diagnosis 20 

of AFLP was not evident on the day of hospitalization and was made after clinical and 21 

biological monitoring. 22 

Maternal Outcomes 23 

The maternal outcomes are summarized in Table 2. Fourteen mothers (78%) were 24 

hospitalized in the ICU for an average length of stay of 2.2 ± 2.2 days (1 to 8 days). Severe 25 
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complications were: DIC (33%), pleural effusion/ascites (17%), acute kidney failure (78%) or 1 

hemorrhage (17%), including retroperitoneal hematoma, cataclysmic hemorrhage, and 2 

hemoperitoneum requiring surgical revision. No maternal death was reported, and no mothers 3 

needed dialysis or liver transplantation. Coagulation disorders were not systematically 4 

associated with the severity of the hepatic cytolysis (correlation between PT and ALT, r=-5 

0.169 p=0.4891; correlation between PT and AST r=-0.4294 p=0.0666). Among the seven 6 

cases of severe maternal complications, there were five cases of severe fetal complications; 7 

among the 10 cases with no severe maternal complications, there were five cases of severe 8 

fetal complications. 9 

Univariate analysis identified that an increased PT was associated with lower severe maternal 10 

complications (OR = 0.86 [CI 95% 0.73; 1.00] p=0.0493) (Table 3); i.e., a decreased PT is 11 

linked with severe maternal complication. Of note, concerning the association between parity 12 

and maternal complications, the reference relates to women with previous deliveries 13 

compared with nulliparous women. 14 

Fetal and infant outcomes 15 

The neonatal outcomes are summarized in Table 2. Thirteen children (68.4%) were born 16 

prematurely, five of them (38.5%) before 34 WG, and eight (61.5%) between 34 and 37 WG. 17 

The median birth weight of the neonates was 2,415 g (IQ: 2,015-2,790). Birth weight of less 18 

than 2,000 g was observed in 21% of neonates. One suffered from fetal growth restriction 19 

(<10
th

 percentile). Ten children (52.6%) were hospitalized in the NICU. Two fetuses died in20 

utero. In both cases, an emergency cesarean section was performed because of maternal 21 

multiorgan failure. None of the neonates died during the initial hospitalization, and one infant 22 

died at eight months. 23 

Lower severe complications in the neonates were associated with advanced gestational age at 24 

delivery (OR = 0.37 [CI9 5% 0.14; 0.96] p=0.0417) (Table 3), i.e., severe complications in 25 
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 10 

the neonates were associated with an early gestational age at delivery. The frequency of 1 

complications decreased as the gestational age at birth increased.  2 

Outcome after the acute episode 3 

Maternal biological data normalized within the month following delivery without any organic 4 

sequelae for mothers.  5 

All neonates displayed initial healthy development. At eight months, one infant presented 6 

with episodes of ocular revulsion, limb hypertonicity, and axial hypotonia secondary to 7 

prolonged fasting as part of an infection. The child died of cardiorespiratory arrest with 8 

hepatic encephalopathy and hypertrophic cardiomyopathy. LCHAD deficiency caused by a 9 

mutation in the HADHA gene was identified in this child. The only other child screened for 10 

HADHA mutation did not exhibit any variant.  11 

12 
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 11 

DISCUSSION  1 

AFLP is a rare but life-threatening complication occurring typically during the third trimester 2 

of pregnancy. In our cohort, eighteen mothers with AFLP were identified over an 18 years 3 

period, giving an estimated incidence of one case for 7,914 pregnancies, similar to that of 4 

previous studies [19] (Supplementary Table 1).  5 

Some authors highlight risk factors for developing AFLP. Primiparity [20], multiple 6 

pregnancies [21–23], male sex of the fetus [19,24,25], history of AFLP [26], and the existence 7 

of another related liver disease during pregnancy [27] are thus described as risk factors for 8 

AFLP.  9 

Diagnosis of AFLP is commonly based on the Swansea criteria, or on the AFLP-Triad 10 

described by Vigil-De Gracia [28]. In our population, 16 patients presented with six to ten 11 

Swansea criteria. For the two mothers with less than six criteria, HELLP syndrome or other 12 

liver diseases were rejected. Indeed, in previous cohorts, a small percentage of bona fide cases 13 

of AFLP did not fulfill the Swansea criteria [19,29]. Fifteen mothers exhibited prolonged PT; 14 

all exhibited elevated transaminases (>46 IU/L), and bilirubin (>14 mol/L) that should be 15 

considered as arguments for the diagnosis. Hyperechogenicity of the liver on liver ultrasound 16 

scans that we observed in 64% of the patients is an additional argument for diagnosis 17 

[20,30,31]. 18 

Timely fetal extraction is mandatory to improve both maternal and fetal prognosis [27,32]. 19 

There is no consensus for the way of delivery. Still, the cesarean section seems to be 20 

associated with a lower risk of peripartum mortality in this context and should be the 21 

preferred method to terminate the pregnancy if vaginal delivery can not be made promptly 22 

[27].  23 

In our cohort, two fetuses (10.5%) died in utero, which is in the range of previously described 24 

fetal mortality [13,14,33]. Gestational age at delivery was identified as the only risk factor 25 
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 12 

associated with fetal or neonatal complications (OR=0.37, 95% CI (0.14-0.96), p = 0.0417). 1 

Early gestational age at diagnosis was correlated with more neonatal complications. This 2 

factor was previously identified in a Chinese cohort as a factor of perinatal death [20]. It 3 

remains to be established whether this observation is relative to AFLP or secondary to 4 

complications of prematurity. 5 

To date, maternal mortality in AFLP is estimated at around 2% [7,27,34]. We observed no 6 

maternal death in our cohort. We identify that prolonged PT was significantly associated with 7 

a risk of severe maternal complications (OR = 0.86, 95% CI (0.73-1.00), p = 0.0493). This 8 

defect in the coagulation pathway is likely due to the hepatocellular deficiency related to the 9 

primary injury of the liver, and possibly to the accumulation of some long-chain hydroxy-10 

fatty acids [15]. A lack of coagulation proteins has been previously identified as a risk factor 11 

for severe complications in AFLP [20,23,35]. Zhang et al. and Gao et al. also observed an 12 

association between PT and maternal complications in AFLP [17,20]. In a recent publication, 13 

Chang et al. found that younger mother, singleton pregnancy, higher ALT and bilirubin 14 

concentration, lower PT activity were risk factors for negative fetal outcomes [18]. 15 

In our population, an 8-month old boy died of LCHAD deficiency. LCHAD deficiency 16 

(OMIM 609016) has previously been reported in children born from mothers suffering from 17 

AFLP [4,13,15,36]. However, the incidence of LCHAD deficiency is 1/100,000, which is 18 

lower than AFLP. The etiology of AFLP is probably multifactorial, involving maternal and 19 

fetal factors (BMI < 20 kg/m
2
, primiparity [37], multiple pregnancies [21–23], male fetus 20 

[19,24,25], history of AFLP [26]), and genetic and non-genetic factors altering mitochondrial 21 

function [29,38–42]. Infants born from mothers with AFLP should be systematically screened 22 

for mitochondrial fatty-acid oxidation deficiency to prevent metabolic decompensation.  23 
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Our study has several strengths. This study is the most extensive retrospective European study 1 

on AFLP in the last decade. It provided detailed information on the clinical and biological 2 

characteristics of patients with AFLP. It also gave reports on maternal and fetal prognosis. 3 

However, it is a retrospective study, and the results might not be generalizable. The limited 4 

number of patients reflects the low incidence of the disease and the impossibility of making a 5 

multivariate analysis in our study. Two patients did not present six Swansea criteria but were 6 

classified as AFLP after the exclusion of all other liver diseases of pregnancy. Finally, only 7 

two out of 18 children were screened for fatty acid oxidation disorders, and only one of them 8 

before clinical decompensation. Association between fatty acid oxidation disorders and AFLP 9 

has been widely reported and, therefore, should have triggered neonatal testing in all cases. 10 

However, as some contributors to the manuscript are regional referents following all LCHAD 11 

deficiency-diagnosed infants in the geographic area, we note that, unfortunately, many 12 

children are not tested. 13 

In conclusion, we identified an incidence of 1/7,914 pregnancies of AFLP. Prolonged 14 

maternal PT was associated with maternal complications. The term at birth correlated with 15 

infant complications. Moreover, we point out the need for screening infants for mitochondrial 16 

beta-oxidation of fatty acid disorders to limit the risk of infant deaths, when the mother 17 

developed AFPL during pregnancy.  18 

 19 
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TABLE LEGENDS  1 

 2 

Table 1: Mother's baseline characteristics, biological data at diagnosis for women  3 

Table 2: Patients outcomes and treatments 4 

DIC: disseminated intravascular coagulopathy 5 

Acute kidney failure: Creatinine > 100 μmol/L 6 

Hepatocellular insufficiency: cytolysis > 2N, bilirubin > 14 μmol/L, PT < 70 % and Factor 5 7 

< 70 % 8 

Table 3: Univariate analysis of the risk factors of severe complications in AFLP 9 

(maternal and neonatal) 10 

All variables with a p-value < 0.10 are presented. For this analysis, the mother with twin 11 

gestation was excluded, so 17 pregnancies were studied. In bold, are indicated p values < 12 

0.05. 13 

Supplementary Table 1: Primary published studies on AFLP cohorts over the last 14 

decade 15 

 16 
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FIGURE LEGENDS  1 

 2 

Figure 1: Flow chart of patients' selection 3 

n = number, AFLP = Acute Fatty Liver of Pregnancy, HELLP = Hemolysis, Elevated Liver 4 

enzymes, and Low Platelet count syndrome  5 

 6 

 7 

Figure 2:  8 

A. Swansea criteria in the study population [7] and clinical signs at diagnosis of 9 

AFLP. Criteria were divided into four different classes, namely clinical, biological, 10 

imaging, and pathology. Other symptoms were listed. AST = aspartate 11 

aminotransferase, ALT = alanine aminotransferase  12 

B. Number of patients fulfilling the Swansea criteria 13 

14 
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PRECIS: In the acute fatty liver of pregnancy, maternal and infant outcomes are associated 14 

with prothrombin time and weeks of gestation at delivery, respectively. 15 
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Table 1: Mother's baseline characteristics, biological data at diagnosis for women 1 

    2 

  Min-max 
Median (IQ) 

n 

Reference values 

for the third 

trimester of 

pregnancy 

Mother's baseline characteristics 

Maternal age (year) 17-39 27.5  (IQ 26-29.8)  

Body mass index (BMI) (kg/m
2) 

             BMI < 19 kg/m
2
 

17 - 27 

 

 

21.5 (IQ 20.3-24.9) 

n=3 
 

Gestational age at diagnosis (WG) 28-39 35.2 (IQ 33.1-37.9)  

Parity 

            0 

            1 

            2 

0-2 

 
n = 11 
n = 5  
n = 2 

 

Hematological data 

Hemoglobin (g/dL) 10.8-16.9 13.2 (IQ 12.4-15.1) 11-12 

Leukocytes (10^9/L) 7.6-26.3 14.9 (IQ 11.9-21) 4-15 

Platelets (10^9/L) 44-347 175 (IQ 154 -227) 150-400 

Prothombin Ratio (%) 18-97 44.5 (IQ 31-62) 80-100 

Fibrinogen (g/L) 0.57-6.34 2.3 (IQ 1.8-2.86) 5-6 

Factor 5 (%) 21-69 43 (IQ 27-49) 70-120 

Biochemical data 

AST (U/L) 96-3486 438 (IQ 236-488) 0-35 

ALT (U/L) 124-2148 463 (IQ 290-540) 0-35 

ALP (U/L) 106-1302 340 (IQ 236-595) 30-120 

GGT (U/L) 20-398 74 (IQ 51-231) 0-30 

Total bilirubin (μmol/L) 26-206 67.5 (IQ 51-95) 2-12 

LDH (U/L) 341-2680 824 (IQ 532-1092) 50-150 

Creatinine (μmol/L) 41-280 150 (IQ 102-180) 35-71 

Glomerular filtration rate (mL/min) 16-137 40 (IQ 33-66)  

Uric acid (μmol/L) 241-1197 578 (IQ 398-607) 120-420 

Swansea criteria 

Six or more Swansea criteria 4-10 n=16  

WG = week of gestation, BMI = Body mass index IQ = interquartile,  n = number , PT = 3 

prothrombin time ratio, AST = aspartate aminotransferase, ALT = alanine aminotransferase, 4 
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ALP = alkaline phosphatase, GGT = gamma-glutamyl transferase, LDH = lactate 1 

dehydrogenase   2 
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Table 2: Patients outcomes and treatments  1 

 2 

Maternal clinical features (n=18) 

Hospitalization in ICU 

Less than two days 

Two days or more 

14 (78%) 

9 (72%) 

5 (28%) 

Hemorrhage 3 (17%) 

DIC 6 (33%) 

Pleural effusion and or ascites 3 (17%) 

Kidney failure 14 (78%) 

Hepatocellular insufficiency 18 (100%) 

Blood transfusion 6 (33%) 

Plasma transfusion 8 (44%) 

Fibrinogen transfusion 6 (33%) 

Albumin transfusion 2 (11%) 

Neonatal outcomes (n=19) 

Delivery at < 34 WG 5 (26%) 

Delivery between 34 - 37 WG 8 (42%) 

Intrauterine fetal distress 7 (37%) 

Neonatal intensive care unit 10 (53%) 

Birth weight < 2,000g 4 (21%) 

Fetal death 2 (10.5%) 

Infant death from complications 1 (5%) 

 3 

ICU = intensive care unit, DIC = disseminated intravascular coagulation, 4 

Acute kidney failure: Creatinine > 100 μmol/L 5 

Hepatocellular insufficiency: cytolysis > 2N, bilirubin > 14 μmol/L , PT < 70 % and Factor 5 6 

< 70 % 7 

 8 
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Table 3: Univariate analysis of the risk factors of severe complications in AFLP (maternal and 1 

neonatal) (n=17) 2 

 3 

 4 

 5 
 

OR CI 95% p 

Maternal outcomes 

Swansea criteria  2.35 [0.92 ; 6.01] p = 0.0733 

Parity  10.00 [1.05 ; 95.46] p = 0.0455  

PT  0.86 [0.73 ; 1.00]  p = 0.0493 

Neonatal outcomes 

GGT  0.99 [0.98 ; 1.00] p = 0.0944 

Uric acid * 1.01 [1.00 ; 1.03] p = 0.0635 

Gestational age at delivery 0.37 [0.14 ; 0.96] p = 0.0417 

 6 

All variables with a p-value < 0.10 are presented. For this analysis, the mother with twin 7 

gestation was excluded, so 17 pregnancies were studied. In bold, are indicated p values < 8 

0.05. 9 

OR = Odds Ratio, CI = Confidence Interval, PT = Prothombin Time ratio, GGT = gamma-10 

glutamyl transferase 11 

 12 

 13 
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Supplementary Table 1: Primary published studies on AFLP cohorts over the last decade 

Reference 
Nature of the 

study 
Prevalence of AFLP Diagnosis of AFLP 

WG at diagnosis 

mean +/-SD 
Main results 

Chang et al. 

[18] 

10.5-year 

retrospective and 

single-center 

55/220 
Clinical features and 

laboratory findings 
36.26±2.58 

AFLP mothers were younger, with fewer pregnancies, 

complicated with more pregnancy-induced hypertension, 

twins, fetal growth restriction and male fetuses  

 

Severe negative outcomes for mothers (27.3% vs. 0.9%) 

and newborn asphyxia (24.6% vs.0.9%) were observed 

in AFLP population 

 

Patients with negative fetal outcomes were younger, had 

more singleton rates, increased mean value of ALT and 

T-Bilirubin, decreased prothrombin activity 

Lin et al. [43] 
8-year 

retrospective and 

single-center 

5/426 pregnant 

women ≥20 weeks of 

gestational age 

NA NA 

Pregnancy with acute fatty liver is a risk factor for ICU 

admission (OR=16.233) 

 

Acute fatty liver was statistically significant with 

pregnant women mortality (p<0.05) 

Gao et al. [17] 
5-year 

retrospective and 

multicenter 

133/140 

Clinical features and 

laboratory findings 

and ≥6 Swansea 

criteria 

36.1±2.7 

Maternal death: 68.2% 

 

50% of perinatal death 

 

Risk for poor maternal outcomes: male fetus, postpartum 

diagnosis of AFLP, intrauterine fetal death, DIC, 

prolonged PT and activated partial thromboplastin time 

 

Risk factors for fetal mortality: fetal distress, prolonged 

activated partial thromboplastin time 
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Reference 
Nature of the 

study 
Prevalence of AFLP Diagnosis of AFLP 

WG at diagnosis 

mean +/-SD 
Main results 

Zhang et al. 

[20] 

5-year 

retrospective 

study 

56/56 

Based on Swansea 

criteria and AFPL-

triad of Vigil-de-

Garcia and Montufar-

Rueda 

33.68±4.15 

Risk factors for complications: PT and INR 

 

Risk factors for perinatal death: Gestational age at 

delivery, direct bilirubin, and fibrin degradation products 

 

Main maternal complications: hypoproteinemia, 

coagulopathy, acute renal failure, ascites, and DIC 

 

16% of perinatal death 

Allen et al. [44] 
14-year 

retrospective and 

multicenter 

1/35,101 pregnancies 

247 women with liver 

disease of pregnancy 

Clinical and 

biological diagnosis 
NA The infant of the AFLP mother died 

Nelson et al. [6] 

38-year 

retrospective and 

single-center 

51/492,000 deliveries 

Clinical and 

biological diagnosis 

Swansea criteria and 

AFPL-triad of Vigil-

de-Garcia and 

Montufar-Rueda 

37.0 ± 2.6 

Risk factors for complications of AFLP: Hepatic failure 

with multiorgan involvement 

 

Maternal death: 4% 

 

Perinatal mortality rate 12% 

 

Incidence of 1/10,000 births 

Vigil-de Gracia 

et al. [28] 

14-year 

retrospective  

and multicenter 

35/35 

Clinical symptoms, 

complications, and 

laboratory evidence 

of acute hepatic 

dysfunction in the 

third trimester of 

pregnancy with 

complete resolution 

of the liver function 

postpartum 

36 

Maternal mortality: 11.4% 

 

Fetal mortality rate: 12.5% 
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Reference 
Nature of the 

study 
Prevalence of AFLP Diagnosis of AFLP 

WG at diagnosis 

mean +/-SD 
Main results 

Dekker et al. 

[45] 

23-year 

retrospective  

and multicenter 

6/4,608,253 live births 

538 cases of maternal 

death 

Clinical and 

biological diagnosis 

Microscopic 

examination of liver 

in post mortem: 

histological signs of 

AFLP 

38.2  Maternal mortality: 0.13/100,000 live births 

 

Maternal morbidity: 3.2/100,000 deliveries 

 

Perinatal  mortality rate: 22.7% 

 

Incidence: 3.2/100,000 births 

 
2-year 

retrospective and 

multicenter 

12/371,021 deliveries 
Clinical and 

biological diagnosis 
34.5 

Lau et al. [31] 
22-year 

retrospective and 

single-center 

18/136,214 deliveries  

acute hepatic failure 

in the 3
rd

 trimester, 

abdominal pain, 

nausea or vomiting, 

laboratory evidence 

of hepatic failure, 

signs of coagulopathy 

35.6 ±2.8 

Risk factors for complications: Morbidities: acute renal 

failure, hypoglycemia, DIC 

 

Maternal death: 11% 

 

Perinatal mortality rate: 18% 

 

Incidence: 1/7,568 births 

Goel et al. [22] 
8-year 

retrospective and 

single-center 

24/34 

Swansea criteria 

versus histological 

examination 

36 

20 patients fulfilled Swansea criteria for AFLP 

 

Sensitivity of Swansea criteria for microvesicular 

steatosis: 100% 

 

Specificity of Swansea criteria for microvesicular 

steatosis: 57% 
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Reference 
Nature of the 

study 
Prevalence of AFLP Diagnosis of AFLP 

WG at diagnosis 

mean +/-SD 
Main results 

Knight et al. 

[19] 

20-month 

retrospective 

from 229 UK 

hospitals 

57/80 

Symptoms and signs 

consistent with AFLP 

or AFLP confirmed 

by biopsy or 

postmortem 

Median 36 

 

 

Risk factors for complications: Twin pregnancies and 

low BMI 

 

Maternal death: 1.8% 

 

Perinatal mortality rate: 10.4% 

 

Incidence of 1/20,000 births 

 

 

AFLP = Acute Fatty Liver of Pregnancy, WG = Week of Gestation, SD = Standard Deviation, NA = Not Available, ICU = Intensive Care Unit, OR = Odds 

Ratio, DIC = Disseminated Intrascular Coagulation,, INR = International Normalized Ratio, BMI = Body Mass Index
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 We analyzed acute fatty liver of pregnancy in a large multicenter cohort 

 

 Incidence of AFLP was estimated as one case for 7914 pregnancies. 

 

 Increased prothrombin time is a risk factor of maternal complications.  

 

 Infants born to mothers with ALFP should be screened for β-oxidation deficiency. 
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