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Introduction
Acute kidney injury in pregnancy  (P‑AKI) 
usually occurs due to obstetrical 
complications such as septic abortion, 
abruptio placentae, uterine hemorrhage, 
intrauterine fetal death  (IUD), and 
puerperal sepsis in women with previous 
healthy kidneys. However, there are still 
huge differences in the epidemiological 
characteristic of P‑AKI with respect to 
incidence, causes, and outcome between 
developing and developed countries.[1‑3] 
These differences are due to environmental, 
socioeconomic, and different health 
delivery systems.[3,4] P‑AKI has decreased 
to 1/15,000–1/20,000 in the recent year 
from 1/3000 in 1960, with respect to the 
total number of pregnancies in developed 
countries. Similarly, the incidence of P‑AKI 
has declined to 0%–1% in the last decade 
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Abstract
The incidence of acute kidney injury in pregnancy  (P‑AKI) has declined significantly over the last 
three decades in developing countries. However, it is still associated with significant fetomaternal 
mortality and morbidity. The diagnosis of P‑AKI is based on the serum creatinine increase. The usual 
formulas for estimating glomerular filtration rate  (GFR) are not validated in this population. The 
incidence of P‑AKI with respect to total AKI cases has decreased in the last three decades from 25% 
in 1980s to 9% in 2000s at our centre. During the first trimester of gestation, AKI develops most 
often due to septic abortion or hyperemesis gravidarum. Septic abortion related AKI with respect to 
total AKI decreased from 9% to 5% in our study. Prevention of unwanted pregnancy and avoidance 
of septic abortion are keys to eliminate abortion associated AKI in early pregnancy. However, we 
have not seen AKI on account of hyperemesis gravidarum over a period of 33  years at our center. 
In the third trimester, the differential diagnosis of AKI in association with pregnancy specific 
conditions namely preeclampsia/HELLP syndrome, acute fatty liver of pregnancy and thrombotic 
microangiopathies of pregnancy  (P‑TMA) is more challenging, because these 3 conditions share 
several clinical features of thrombotic microangiopathy which makes the diagnosis very difficult 
on clinical grounds. It is imperative to distinguish these conditions to make appropriate therapeutic 
decisions. Typically, AFLP and HELLP syndrome improve after delivery of the fetus, whereas plasma 
exchange is the first‑line treatment for pregnancy associated thrombotic microangioathies  (P‑TMA). 
We observed that preclampsia/eclampsia is the most common cause of AKI in late third trimester and 
postpartum periods followed by puerperal sepsis and postpartum hemorrhage. Pregnancy‑associated 
thrombotic microangiopathies  (aHUS/TTP) and AFLP are rare causes of AKI during pregnancy in 
developing countries.

Keywords: Acute fatty liver of pregnancy, AKI in pregnancy, hemolysis elevated liver enzymes and 
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from 20% to 40% in the 1960s of total AKI 
cases.[4] The current incidence of P‑AKI in 
developing countries has a declining trend. 
Despite decreasing incidence of P‑AKI in 
developing countries, it still accounts for 
5%–20% of total AKI population.[2,5,6] The 
focus of the present review is to discuss the 
clinical feature and differential diagnosis of 
pregnancy‑specific disorders causing AKI 
in pregnant women.

Physiologic and Anatomic Changes 
in Kidney during Pregnancy
There are considerable changes that occur 
in the urinary tract system during normal 
pregnancy: kidneys increase in size by 
about 1–1.5  cm due to renal vascular 
and interstitial space volume expansion. 
The physiological hydronephrosis of 
pregnancy characterized by a dilation 
of the calyces, renal pelvis, and ureter 
occurs in over  90% of pregnant This is an open access article distributed under the terms of the 
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women.[7] This anatomical abnormality may be present 
until the 16th  postpartum week and promotes urinary stasis 
in the ureter, leading to the development of urinary tract 
infection. The dilatation of the urinary system is due to 
the hormonal effects of progesterone, external compression 
by the gravid uterus, and morphological changes in the 
ureteral wall. The systemic vasodilatory state, typical 
of pregnancy, increases renal perfusion and glomerular 
filtration rate (GFR). The GFR increment causes an increase 
of uric acid clearance leading to hypouricemia. Proteinuria 
also increases and urinary protein excretion of 300 mg/day 
is considered physiological in normal pregnancy. Renal 
plasma flow can increase up to 85% in the second trimester 
of pregnancy. The GFR can reach 40%–50% of baseline 
throughout pregnancy and subsides in the first 3  months 
postpartum. These hemodynamic abnormalities result 
in a decrease of serum creatinine in pregnant women 
to 0.4–0.5  mg/dl. Systematic vasodilation leads to the 
stimulation of antidiuretic hormone, resulting in a decrease 
in plasma osmolality and plasma sodium by 4–5 mEq/L.[8] 
Minute ventilation increases due to progesterone‑induced 
stimulation of the central respiratory center in the brain. 
This results in a decrease in pCO2 and a mild chronic 
respiratory alkalosis, which is compensated for renal 
excretion of bicarbonate. A  decrease of about 4 mEq/L 
in bicarbonate concentration is common in the pregnant 
women. Table  1 shows anatomical and physiological 
changes occurring in the kidney of gravid women during 
normal pregnancy.[9]

Diagnosis of Acute Kidney Injury in Pregnancy
Diagnostic definition of renal diseases during pregnancy 
is not uniform and is highly variable in the literature,[10] 
and therefore, validated definition of P‑AKI is not yet 
established. The use of the risk, injury, failure, loss of 
kidney function, and end‑stage kidney disease  (RIFLE) 
classification in pregnant women needs further study and 
is not consensual. The prognostic utility of RIFLE system 
has been demonstrated in nonpregnant women,[11] but there 
are few studies reporting its application in pregnancy.[12] 
Pregnancy is associated with a physiological increase in 

GFR by 50%–80% accompanied by an increase in plasma 
volume.[13] Together, these result in a normal gestational 
fall in serum creatinine, which can easily mask mild AKI. 
A creatinine level of ≥1 mg/dl or a rapid rise (by definition 
in 48 h) of 0.5 mg/dl above baseline should be investigated 
for evidence of AKI. The knowledge of these physiological 
adaptations in pregnancy is of clinical importance because 
serum creatinine and blood urea nitrogen of 1.0  mg/dl 
and 13  mg/dl, respectively, would be considered normal 
in a nonpregnant individual but reflect renal impairment 
in a pregnant women.[9] Since a consensus definition of 
P‑AKI has not been established, therefore, the diagnosis of 
P‑AKI is based on increase in serum creatinine. We have 
used following criteria for diagnosis of AKI in pregnant 
women  (any one of the three);  (1) sudden increase in 
serum creatinine >1 mg/dl, (2) oliguria/anuria, and (3) need 
for dialysis.[14]

Incidence of Acute Kidney Injury in Pregnancy
AKI is a rare complication of pregnancy in the developed 
countries because of markedly decreased incidence of 
P‑AKI over the last three decades. Stratta et  al. reported 
that the incidence of P‑AKI in developed countries has 
declined from 1 in 3000 to 1 in 18,000 pregnancy since 
the 1960s.[4] In a recent study from Canada, AKI occurred 
in 1/10,000 pregnancies among 1.9 million pregnant 
women over a period of 15  years.[15] In contrast, in the 
developing countries, pregnancy‑related complications still 
account for 15%–25% of total AKI and the most common 
cause of P‑AKI is septic abortion.[16‑18] Since 1980, P‑AKI 
has declined in developing countries also and obstetrical 
complications constitute 9%–13% of total AKI cases.[3,18,19] 
We have reported that in our previous study, the prevalence 
of P‑AKI among all cases of AKI decreased from 15% in the 
1980s to 10% in the 1990s.[2] In our recent study, we noted 
that AKI complicated 1.78% of total delivery (1 in 56 birth) 
in the third trimester of pregnancy with maternal mortality 
of 20%.[19] Thus, the incidence of P‑AKI is declining even 
in developing countries[2,5] but still accounts for 5%–8% of 
total AKI cases in different part of countries.[6,20] Table  2 
shows changing trend of P‑AKI in the last three decades at 

Table 1: Renal changes of normal pregnancy
Variable Change in pregnancy
Kidney size The kidney length increases by 1-1.5 cm and kidney volume increases by up to 30%
Hydronephrosis Physiological dilation of the urinary collecting system with hydronephrosis in up to 80% of women 

(right > left)
Renal blood flow Increased by 80% above baseline
GFR 150-200 ml/min (rise 40-50% above baseline)
Serum creatinine Falls to 0.4-0.5 mg/dl (n=0.8)*
Uric acid Falls to 2.0-3.0 mg/dl (n=4-5)
BUN Falls to 8-10 mg/dl (n=13)*
Sodium Mild hyponatremia (fall of 4-5 mol/L)
Osmolality Falls to a new osmotic set point of about 270 mosm/kg 
*Considered normal in a nonpregnant individual, reflects renal impairment in pregnant women. BUN: Blood urea nitrogen, 
GFR: Glomerular filtration rate
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our center. The incidence of P‑AKI decreased to 10.4% in 
1992–2002 from 15.2% in 1982–1991, with declining trend 
continuing in 2013–2014  (4.68%). We noted that overall, 
incidence of P‑AKI has decreased and preeclampsia  (PE) 
and puerperal sepsis are the common causes of P‑AKI 
[Table 2].[14] The decreasing trend in P‑AKI was also noted 
in other Indian study and sepsis was the most common 
cause.[21] In contrast to India, a recent study from Pakistan 
reported rather increase in P‑AKI over the last 10 years.[22]

Etiology of Acute Kidney Injury in Pregnancy
Usually, the development of AKI during pregnancy follows 
a bimodal distribution with two incidence peaks: one in the 
first trimester caused by septic abortion and other in the 
third trimester and/or around delivery due to late obstetrical 
complications. AKI is a heterogeneous syndrome in 
pregnant women and is caused by multiple etiology. It 
occurs typically in otherwise healthy women who developed 
obstetrical complication or acquired pregnancy‑related 
medical condition such as PE and/or hemolysis, elevated 
liver enzymes, and low platelet count  (HELLP) syndrome. 
However, several etiologies not related to pregnancy (acute 
gastroenteritis, malaria, pyelonephritis, lupus nephritis, and 
acute interstitial nephritis) are reported to cause P‑AKI. 
It is useful to consider the causes of P‑AKI in relation to 
obstetrical complications and pregnancy‑associated‑specific 
diseases. Accordingly, we have used following etiological 
classification of P‑AKI. The causes of AKI in pregnant 
women are divided into three main groups:  (1) obstetrical 
complications,  (2) pregnancy‑specific disorders, and 
(3) miscellaneous causes [Table 3].

Causes of Acute Kidney Injury in Pregnancy 
with Respect to Timing of Pregnancy
The causes of P‑AKI are shown in Figure  1 based on 
their occurrence with respect to the timing of pregnancy. 

Approximately 75% cases of P‑AKI occur during the 
late third trimester and in the early postpartum. The 
hypertensive complications of pregnancy, particularly PE 
and/or HELLP, are the leading causes of P‑AKI in most 
parts of the world, including developing countries.[19,20,23] 
Approximately 1% of women with severe PE and 3%–15% 
of women with HELLP syndrome developed AKI. Other 
causes include septic abortion  (first trimester) or puerperal 

Table 2: Main causes and outcomes of acute kidney injury in pregnancy in last 33 years
Years 1982-1991 (%) 1992-2002 (%) 2003-2014 (%) Total (%)
Total AKI 426 1201 1473 3100
P‑AKI 65 (15.2) 125 (10.4) 69 (4.68) 259 (8.35)
Septic abortion 40 (9.4) 90 (7.5) 22 (1.49) 152 (58.68)
PE/HELLP 15 (3.5) 18 (1.5) 8 (0.54) 41 (15.8)
Puerperal sepsis 6 (1.4) 10 (0.8) 23 (1.56) 39 (15)
aHUS* 0 0 1 (0.06) 1 (0.03)
AFLP* 0 0 1 (0.06) 1 (0.03)
APH/PPH 4 (0.9) 7 (0.6) 14 (0.95) 25 (9.65)
Obstetrical RCN 11 (17) 3 (2.4) 1 (1.44) 15 (5.8)

Mortality 8 (72.72) 1 (33.3) 0 9 (60)
Partial recovery of renal function 1 (9.0) 0 1 (100) 2 (13.3)
Progression to ESRD 2 (18.2) 2 (66.6) 0 4 (26.6)

Adapted from Prakash et al. Indian J Nephrol 2016;26:262-7. *Rare causes of AKI in pregnancy. AFLP: Acute fatty liver of pregnancy, 
RCN: Renal cortical necrosis, P‑AKI: Acute kidney injury in pregnancy, aHUS: Atypical hemolytic uremic syndrome, APH: Antepartum 
hemorrhage, PPH: Postpartum hemorrhage, PE/HELLP: Preeclampsia/hemolysis, elevated liver enzyme, and low platelet count, 
ESRD: End‑stage renal disease

Table 3: Causes of acute kidney injury in pregnancy
Obstetrical complications

Septic abortion
Abruptio placentae
Placenta previa
Uterine hemorrhage (APH and PPH)
Intrauterine fetal death
Puerperal sepsis
Gravid uterus (rare)

Pregnancy‑specific disorders
Preeclampsia/eclampsia
HELLP syndrome
AFLP
P‑TMA

aHUS
TTP

Hyperemesis gravidarum
Miscellaneous (cause not related to pregnancy)

Acute postinfectious glomerulonephritis
Lupus nephritis
Acute pyelonephritis
Dehydration
Calculus of urinary tract

PPH: Postpartum hemorrhage, HELLP: Hemolysis, elevated 
liver enzymes, and low platelet count, AFLP: Acute fatty liver of 
pregnancy, P‑TMA: Thrombotic microangiopathy of pregnancy, 
aHUS: Atypical hemolytic uremic syndrome, TTP: Thrombotic 
thrombocytopenic purpura, APH: Antepartum hemorrhage
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sepsis, antepartum hemorrhage  (APH) or postpartum 
hemorrhage  (PPH), intrauterine death, acute fatty liver 
of pregnancy  (AFLP), and thrombotic microangiopathy 
of pregnancy  (P‑TMA)  [Table  2]. The following 
pregnancy‑specific disorders causing P‑AKI are discussed in 
this review article: (1) PE, (2) HELLP syndrome, (3) AFLP, 
and (4) P‑TMAs, and (5) hyperemesis gravidarum.

Preeclampsia

Definition and pathogenesis

PE, a multisystem disorder unique to human pregnancy, 
is characterized by new‑onset hypertension  (blood 
pressure >140/90 mmHg) and proteinuria (>300 mg/dl) after 
20  weeks of gestation.[24‑26] The presence of hypertension 
combined with systemic involvement  (such as 
thrombocytopenia, elevated levels of liver transaminases, 
renal insufficiency, pulmonary edema, and visual or 
cerebral disturbances) favors diagnosis of PE in the 
absence of proteinuria.[27,28] PE occurs mainly during the 
late second and third trimester, but it may occur up to 
the time of delivery and even postpartum. It complicates 
3%–5% of all pregnancies, but the incidence is higher in 
primigravid females  (7%) and females with certain risk 
factors such as diabetes mellitus, hypertension, and chronic 
kidney disease (CKD) (25%).[29,30]

The pathogenesis of PE is not fully understood but involves 
defects in placentation and systemic endothelial activation. 
In healthy pregnancy, placentation requires an extensive 
angiogenesis to establish an adequate and appropriate 
vascular network to supply fetal needs.[31‑33] The placenta 
produces a wide variety of proangiogenic proteins (vascular 
endothelial growth factor  [VEGF] and placental growth 
factor  [PIGF]) and antiangiogenic mediators such as 
soluble fms‑like tyrosine kinase 1  (sFlt‑1) and soluble 
endoglin  (sEng); balance of both determines the normal 
placental development. The circulating concentration of 
antiangiogenic factors sFlt‑1 and sEng are increased in 
PE. It is hypothesized that increased sFlt‑1 effectively 
reduces the concentration/activity of VEGF, resulting in 
endothelial dysfunction, hypertension, and proteinuria.[34‑36] 
Both sFlt‑1 and sEng trigger endothelial dysfunction and 
severe PE.[37‑39] Interestingly, coadministration of endoglin 
and sFlt‑1 to pregnant rats leads to renal pathological 
lesions  (i.e.,  glomerular endotheliosis) which is similar to 
those lesions noted in patients with PE/eclampsia  (PE/E) 
and AKI.[37] In a rat model of sFlt‑1‑induced PE, 
recombinant VEGF‑121 ameliorated hypertension and renal 
damage. These studies support the central role of placental 
antiangiogenic factors in the pathogenesis of PE.

Clinical features

Traditionally, diagnosis of PE is based on new‑onset 
hypertension and proteinuria at  ≥20  weeks of gestation 
or in the absence of proteinuria, hypertension together 
with evidence of systemic disease  (nonproteinuric 

PE). PE can be classified as early  (<34  weeks) or 
late  (≥34  weeks) according to gestational age at diagnosis 
or delivery  [Table  4].[40,41] However, whether early or 
late PE has different pathogenetic mechanisms or merely 
gradations of the same underlying condition remains 
unclear.[42,43] PE can also be classified according to its 
severity  [Table  5];[21,41] some professional organizations 
have abandoned the term “mild or severe” PE in favor of 
PE with or without severe features.[27,42,44] It is important to 
note that massive proteinuria and fetal growth retardation 
have been removed as indication of severe PE.[27]

Usually, the clinical manifestations of PE are nonspecific 
even in severe disease. The most frequently reported 
symptoms are epigastric or right upper quadrant pain 
(40%–90% of patients). The other symptoms of PE 
are nausea, vomiting, headache, blurring of vision, and 
the sudden onset of edema. Severe PE  (PE with severe 
features) is associated with maternal, fetal, or neonatal 
complications. The most common maternal complications 
of PE include  (1) disseminated coagulopathy (10%–20%), 

Figure  1: Timing of acute kidney injury with respect to the gestational 
period of the pregnancy. Atypical hemolytic‑uremic syndrome typically 
occurs in postpartum period

Table 4: Classification of preeclampsia
Early preeclampsia (<34 weeks*)

Uncommon (prevalence 0.38% or 12% of all preeclampsia)
Associated with extensive villous and vascular lesions of the 
placenta
Higher risk of maternal and fetal complications than late 
preeclampsia

Late preeclampsia (≥34 weeks*)
Majority of all cases of preeclampsia (prevalence 2.72% or 88% 
of all preeclampsia)
Minimal placental lesions
Maternal factors (such as metabolic syndrome and hypertension) 
have important roles
Most cases of eclampsia and maternal death occur in late disease

Adapted from the science 2005;308:1592–1594. *Gestational age at 
diagnosis or delivery
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(2) HELLP syndrome  (20%),  (3) pulmonary edema 
(2%–5%), (4) AKI  (1%–5%), and  (5) placental abruption 
(1%–2%).[45‑47] Recent epidemiological studies revealed 
that PE can lead to several adverse outcomes on long‑term 
follow‑up. They include increased risk for CKD and higher 
risk of cardiovascular disease (chronic hypertension, 
ischemic heart disease, and stroke).[48‑51]

Renal lesions and acute kidney injury in preeclampsia

The characteristic kidney lesion of PE is swelling and 
detachment of glomerular endothelial cells. This is 
often associated with subendothelial deposits, leading 
to capillary lumina obstruction.[52] PE is associated with 
altered hemodynamic abnormalities such as decreased 
renal plasma flow, reduction in GFR by 30%–40%, and 
renal vasoconstriction. Thus, kidney in preeclamptic 
women is highly susceptible to ischemic injury. Renal 
tubular secretion of uric acid is impaired in PE, 
resulting in elevated concentration of uric acid in the 
blood.[53] The urine sediment is usually bland. AKI occurs 
in approximately 1% of women with severe PE. AKI 
mostly occurs antepartum, but development of AKI in the 
early postpartum was reported. AKI most often develops 
in the setting of complication of PE such as placental 
abruption, disseminated intravascular coagulation  (DIC), 
sepsis, postpartum bleeding, or intrauterine fetal 
death.[54‑56] PE/E accounts for 15%–20% of P‑AKI 
cases,[57] and the risk of P‑AKI is higher in the setting of 
early‑onset  (<32  weeks gestation) PE/E.[58] Kuklina et  al. 
reported that approximately 40% of AKI in pregnant 
women are caused by severe PE and HELLP syndrome.[59] 
PE/E was responsible for AKI in 43.9% and 35.3% of cases 
in pregnant women from India.[19,60] Thus, PE/E is the 
leading cause of P‑AKI worldwide [Figure 1].[61] Reversal 
of AKI occurs following delivery of fetus in majority of 
patients with PE. However, persistent renal dysfunction 
and the need for long‑term dialysis suggest preexisting 

hypertension and CKD.[54,57] The most common histological 
lesion in the setting of AKI in patients with PE/HELLP 
syndrome is acute tubular necrosis  (ATN).[62‑64] However, 
renal cortical necrosis has been reported in preeclamptic 
women with AKI.[2,19]

Hemolysis, elevated liver enzymes, and low platelet 
count (HELLP) syndrome

HELLP syndrome is widely considered a variant of PE 
and occurs only in pregnant women. It resolves with 
delivery and is frequently but not always associated 
with hypertension and proteinuria.[65] It seems to be a 
distinct disease in view of 20% of pregnant women with 
HELLP syndrome do not have either hypertension or 
proteinuria.[65,66] HELLP syndrome was reported to occur in 
1–2/10,000 pregnancy,[67] and it may complicate in 20% of 
women with severe PE.[54,57] The pathogenesis of HELLP 
syndrome is not fully known. However, increased level 
of antiangiogenic factors  (sFlt‑1 and sEng) and decrease 
concentration of proangiogenic mediators (PIGF) have been 
proposed in the pathogenesis of HELLP syndrome similar to 
PE.[68] HELLP syndrome seems to be a TMA‑like disorder 
because of several clinical similarities between these two 
disorders:[59] mechanical hemolysis, thrombocytopenia, and 
AKI. The link between HELLP syndrome and complement 
dysregulation has been suspected in a recent study.[69]

HELLP syndrome occurs typically in the third trimester 
but may be diagnosed in the second trimester or in the 
postpartum period.[70] The clinical features are variable. The 
most common symptoms are epigastric/right upper quadrant 
pain, nausea, vomiting, and headache, but it may manifest 
by its complications such as DIC, placental abruption, 
AKI  (7%–36%), pulmonary edema, hepatic capsular 
hematoma, and retinal detachment.[71‑73] The diagnosis of 
HELLP syndrome is based on the following laboratory 
criteria:[73]  (a) microangiopathic hemolytic anemia  (MAHA): 
schistocytes in blood smear, serum bilirubin  ≥1.2  mg/dl, 
lactate dehydrogenase  (LDH) >600 U/L;  (b) increased liver 
transaminases  (alanine aminotransferase  >70 U/L); and 
(c) platelet count  <100  ×  103  cells/mm3. The decreased 
platelet count in a pregnant women during antenatal checkup 
may suggest the diagnosis of HELLP syndrome because 
thrombocytopenia is usually the first indication of this 
disease.[74,75] Maternal and perinatal outcomes of PE/E and 
HELLP syndrome are similar. However, certain complications 
are more frequent in HELLP syndrome in comparison to 
PE  [Table  6][53]. Maternal mortality in HELLP syndrome is 
1% and is most often due to cardiopulmonary complications, 
infection, or ruptured hepatic hematoma.[54] Perinatal mortality 
in HELLP syndrome ranges from 7% to 34% and depends on 
gestational age and maternal disease severity.[70]

AKI is reported in 3%–15% cases of HELLP syndrome, 
and overall, it may account for 40% of all cases of P‑AKI 
and may increase up to 60% of cases in severe form of 
this disease.[55,57,76,77] Dialysis is needed in approximately 

Table 5: Severe feature of preeclampsia (one or more of 
these findings)

Systolic blood pressure ≥160 mmHg or diastolic blood pressure 
≥110 mmHg on two occasions at ≥4 h apart while the patient is on 
bed rest
Platelet count <100,000/mm3

Elevated liver enzymes (twice normal concentrations)
Renal insufficiency (serum creatinine concentration >1.1 mg/dl or 
doubling of serum creatinine concentration) or oliguria (<500 ml 
in 24 h)
Pulmonary edema or cyanosis
New‑onset cerebral or visual disturbances
Severe persistent right upper quadrant or epigastric pain
Adapted from the Am J Obstet Gynecol 2011;205:191‑8.
Heavy proteinuria (>500 mg/24 h) and fetal growth restriction was 
removed as criteria indicative of severe preeclampsia  (American 
College of Obstetricians and Gynecologists task force on hypertension 
in pregnancy 2013)[21]
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10%–46% of patients with HELLP syndrome associated 
AKI during acute phase. However, even dialysis‑requiring 
AKI has excellent prognosis with complete recovery of 
renal function in almost all cases.[55,57,78] Thus, majority 
(93%–100%) of patients with HELLP syndrome‑related 
AKI have near complete reversal of renal function.[55,79,80] 
The progression to CKD is reported to occur in  <10% of 
patients who developed AKI on preexisting renal disease 
and/or hypertension.[79] Thus, prognosis of AKI in patients 
with HELLP syndrome is favorable. Kidney biopsy study 
revealed typical feature of TMA in  <15% of patients with 
HELLP‑associated AKI.[63]

Acute fatty liver of pregnancy

AFLP is an obstetric emergency that, if left untreated, 
progresses to fulminant liver failure. It affects women in 
the third trimester of pregnancy and is characterized by 
sudden onset of acute liver failure with coagulopathy. 
Incidence of AFLP is 1/7000–1/20,000 pregnancies.[80,81] 
AFLP is an autosomal recessive genetic disorder which 
causes defective function of long‑chain 3‑hydroxyacyl‑CoA 
dehydrogenase. This enzyme is involved in mitochondrial 
fatty acid beta‑oxidation. Because of defective oxidation, 
there is an excessive accumulation of fetal fatty acid, 
which in turn is released into the maternal circulation. 
The increased load of long‑chain fatty acid is deposited in 
the liver tissue which leads to impaired hepatic function 
in the mother.[82] The presence of lipid microvesicles 
infiltration of the hepatocytes, without inflammation, or 
necrosis are the typical histological findings in patients 
with AFLP.

The early presenting symptoms of AFLP are nonspecific 
with malaise, fever, nausea, vomiting, and abdominal 
pain. With progression of disease  (jaundice and hepatic 
encephalopathy), other physical signs resolved.[83,84] 
The low fibrinogen level, prolonged prothrombin time, 
depressed antithrombin III levels, and thrombocytopenia 
are the main features of disease which lead to coagulopathy. 
Hyperbilirubinemia, increased hepatic transaminases, 

hypoglycemia, and leukocytosis are the other laboratory 
abnormalities in patients with AFLP. The absence of 
hypertension supports viral hepatitis rather than AFLP.[85] 
AFLP is a diagnosis of exclusion once viral hepatitis and 
biliary obstruction have been excluded. However, half 
of the patients have concomitant PE/HELLP syndrome, 
and at an early stage, the differential diagnosis may be 
difficult.[86] The presence of proteinuria, peripheral edema, 
and thrombocytopenia may favor diagnosis of PE/HELLP 
syndrome.[87,88] AKI is seen in 20%–100% of cases and 
etiology of AKI is multifactorial.[83,84] AKI in patients 
with AFLP is mostly mild and without need for dialysis 
support.[89,90] In most women, there is complete liver and 
kidney recovery after delivery. Renal insufficiency in AFLP 
is usually nonoliguric although oliguria and ATN can 
occur in the setting of hemorrhage‑induced hypovolemia. 
The various factors that may contribute for AKI in AFLP 
include hypovolemia, coexisting PE, coagulopathy, hepatic 
failure, and intra‑abdominal hemorrhage.

The urgent and immediate delivery of fetus is associated 
with favorable maternal and fetal prognosis. The earlier 
studies have reported very high  (85%) rate of maternal 
and fetal mortality in women with AFLP.[91] However, the 
recent case series reported maternal and perinatal mortality 
ranging between 10% and 20%.[68,88,92,93]

Thrombotic microangiopathies of pregnancy

P‑TMA are rare disorders occurring in 
1/25,000 pregnancies.[94] TMAs in pregnancy are 
characterized by thrombi of fibrin and/or platelet in the 
microvasculature of various organs, endothelial swelling, 
accumulation of protein, and cell debris in the subendothelial 
layer and splitting of the glomerular basement membrane 
in some cases.[95‑98] P‑TMA may occur anytime during 
pregnancy or at puerperium, in previously healthy 
women. Thrombotic thrombocytopenic purpura  (TTP) and 
hemolytic‑uremic syndrome  (HUS) may occur de novo 
with pregnancy, may relapse during pregnancy, and/or may 
recur with subsequent pregnancies.[99] Pregnancy‑related 
TMA accounts for 8%–18% of all cases of TMA, and 
it is a secondary form of TMA.[97‑100] P‑TMA can be 
classified into three groups based on underlying pathogenic 
mechanism:  (1) ADAMTS‑13 deficiency related, 
(2) complement alternative pathway  (CAP) dysregulation 
related, and  (3) unknown mechanism. Depending on the 
dominant clinical mode of presentation, two clinical forms 
of syndrome have been described; (a) TTP and (b) HUS.

Thrombotic thrombocytopenic purpura

The combination of fever, severe thrombocytopenia, MAHA, 
and predominant neurologic symptoms  (disorientation, 
ataxia, headache, focal deficits, seizures, or aphasia) are the 
presenting features of TTP.[101] Kidney function is usually 
normal, or mild renal dysfunction may occur in such 
patients. TTP is often diagnosed before delivery, especially 
in the second and third trimester, because the ADAMTS‑13 

Table 6: Maternal and perinatal outcomes in severe 
preeclampsia and hemolysis, elevated liver enzymes, and 

low platelet count syndrome
Complications/outcomes Severe 

PE, %
HELLP 

syndrome, %
Disseminated coagulopathy 10-20 8-10
Pulmonary edema 2-5 10
AKI 1-5 7-36
Placental abruption 1-4 10
Eclampsia 2 6
Hepatic rupture Rare Rare
Perinatal mortality 1-2 7-34*
*The risk of perinatal death is higher when HELLP syndrome is 
complicated by AKI and increases with severity of the renal injury.
PE: Preeclampsia; HELLP: Hemolysis, elevated liver enzymes, 
and low platelet count, AKI: Acute kidney injury
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level physiologically tends to be decreased during the last 
trimester.[102,103] The highest risk of TTP during the late second 
and third trimester seems to be due to progressive decrease 
in ADAMTS‑13 activity and simultaneous steady increase in 
plasma concentration of von Willebrand factor during normal 
gestation.[102] Preliminary data suggest that the monitoring of 
ADAMTS‑13 levels during pregnancy may help to identify 
patient at risk of TMA relapse.[104,105] Some authors have 
advocated prophylactic treatment of ADAMTS‑13 deficiency 
using plasma exchange to maintain an enzyme activity 
of >10% in pregnant women with ADAMTS deficiency.[105]

Atypical hemolytic‑uremic syndrome

P‑TMA associated with complement activation 
pathway  (CAP) dysregulation clinically presents as 
atypical HUS  (aHUS). Clinical features of aHUS 
are similar to TTP, but renal involvement is more 
severe  (serum creatinine  >2.3  mg/dl) and the neurological 
manifestation is rare. aHUS occurs mainly in the first 
6  months postpartum.[106] Pregnancy and delivery are 
usually uneventful in majority of the patients. Evidence 
of CAP dysregulation was reported in 80% of patients 
among 21  cases of pregnancy‑related aHUS  (P‑aHUS) 
from the French aHUS Registry.[97] P‑TMA caused by 
CAP dysregulation occurred mainly (80% of cases) 
during the postpartum period. Infections and bleeding, 
which frequently complicate the postpartum period, may 
trigger complement activation leading to TMA  (aHUS). 
Eighty percent of Pregnancy associated Hemolytic uremic 
syndrome (P‑aHUS)  had CAP dysregulation with factor 
H  (FH) and factor  (FI) encoding gene  (CFH and CFI, 
respectively) mutation, and 80% of patients reached 
end‑stage renal disease during the first aHUS episode.

The counseling of patients with complement gene 
abnormalities who wish to start a pregnancy remains a 
difficult issue. The risk of P‑aHUS varies according to 
the underlying complement gene abnormality; this risk 
was highest  (20%–30%) for patients with CFH and C3 
mutations and lower  (10%–15%) for those patients with 
CFI and membrane cofactor protein mutation.[101]

Differential diagnosis TMA and AKI in pregnancy

The presence of TMA and AKI in pregnancy is one 
of the most challenging differential diagnoses. Several 
pregnancy‑specific disorders such as PE/HELLP syndrome, 
TTP, HUS, and AFLP share many clinical, laboratory, and 
pathological features  [Table  7]. It is difficult to establish 
clinical distinctions between these entities with certainty 
on clinical ground alone. However, the exact diagnosis 
of these pregnancy‑specific disorders is mandatory to 
make appropriate therapeutic decision, which may save 
the lives of both the mother and the fetus.[74] Delivery of 
fetus improves the clinical manifestations of AFLP and 
HELLP syndrome. However, there is no benefit of delivery 
in patients with P‑TMA. Plasma exchange is the first‑line 
treatment for patients with HUS/TTP.

Distinguishing acute fatty liver of pregnancy from HELLP 
syndrome

Distinguishing AFLP from HELLP syndrome is difficult 
and challenging because both disorders share many 
clinical and laboratory features. The situation becomes 
more complicated and differential diagnosis between 
AFLP/HELLP syndrome may be impossible because up to 
50% of women with AFLP have concomitant PE. However, 
the clinical distinction between AFLP and HELLP 
syndrome is of academic importance because prompt 
delivery of the fetus is appropriate and suitable treatment 
for both disorders. The clinical clues to distinguish AFLP 
versus HELLP syndrome are as follows:
1.	 Coagulopathy and hypoglycemia are the key features of 

AFLP
2.	 Profoundly depressed antithrombin levels or severe 

transaminitis suggest AFLP
3.	 Thrombocytopenia is either mild or absent in AFLP 

while it is moderate to severe in HELLP syndrome.

Distinguishing TTP/HUS and HELLP syndrome

The clinical and hematological features of HUS/TTP 
and PE/HELLP are similar because both have MAHA, 
thrombocytopenia, and renal disease  [Table  7]. Further, 
concomitant PE/HELLP syndrome may occur in 
approximately 20% of women with pregnancy‑associated 
TMA. This ambiguity can present a challenge to 
management as severe PE/HELLP is generally an 
indication for expedient delivery, while TTP typically 
responds to plasma exchange, with continuation of the 
pregnancy for weeks to months. Further, concomitant TTP 
and PE/HELLP syndrome carry very high (44.4%) maternal 
mortality. Therefore, both delivery and plasma exchange 
are probably indicated to optimize chances for maternal 
survival in this setting. The clinical clues for the diagnosis 
of pregnancy‑associated TTP/HUS are as follows:
1.	 The coagulation abnormalities such as elevated 

antithrombin, elevated D‑dimer, and high fibrinogen 
levels are absent in TTP/HUS while they are common 
in HELLP syndrome

2.	 Isolated LDH increase with normal hepatic transaminase 
favors HUS/TTP

3.	 Severely increased hepatic transaminases level strongly 
suggests HELLP syndrome.

Hyperemesis gravidarum

Hyperemesis gravidarum is the most common cause of AKI 
in the first trimester of pregnancy in developed countries 
but rarely reported from developing countries. We observed 
no case of AKI complicating hyperemesis gravidarum 
in our study in the last three decades. Since hyperemesis 
gravidarum is unique to pregnancy, its clinical feature 
is presented here. The true incidence of hyperemesis 
gravidarum has not been documented and may vary from 
as low as 3/1000 pregnancies to 1/100.[107] It is defined as 
severe and persistent nausea and vomiting, leading to weight 
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loss, exceeding 5% of the prepregnancy body weight, and 
ketonuria.[108] These patients present in the first trimester 
of pregnancy with AKI associated with hypokalemic 
metabolic alkalosis. Other laboratory abnormalities may 
include an increase in hematocrit  (hemoconcentration), 
mild elevation in aminotransferases, and mild 
hyperthyroidism.[109,110] The thyroid‑stimulating activity 
of human chorionic gonadotropin hormone is a possible 
cause of hyperthyroidism in patients with hyperemesis 
gravidarum.[109] Symptomatic treatment with antiemetics 
and intravenous fluids usually corrects the renal function, 
acid–base, and electrolyte abnormalities.[111]

Treatment of Acute Kidney Injury in Pregnancy
The management of P‑AKI includes three considerations: 
(i) supportive measures to preserve renal function, 
(ii) dialysis, and  (iii) treatment of the underlying 
pregnancy‑specific disease.

Renal function supportive measures

The important general measures to minimize renal 
injury  (such as treatment of etiology, avoidance of 
nephrotoxic drugs or treatment of an infectious disease) 
should be started as soon as possible. The second step is 
administration of intravenous fluids to restore or maintain 
renal perfusion.[112,113] This procedure also prevents 
hypovolemia and ensures an adequate uteroplacental 
perfusion and fetal well‑being. These general measures 
are followed by pharmacological therapy of AKI and its 
known complications such as hypertension, hyperkalemia, 

metabolic acidosis, and anemia. Angiotensin‑converting 
enzyme inhibitors and angiotensin II receptor antagonists 
are contraindicated in pregnancy and diuretics are 
not recommended because of the high risk of volume 
depletion. The use of hydralazine is associated with 
adverse maternal and fetal outcomes in a recent 
study.[74] Therefore, the first‑line treatment options in 
pregnant women with hypertension are methyldopa and 
labetalol.[114] The dihydropyridine calcium‑channel blockers 
can also be used successfully and safely in pregnancy. 
The administration of insulin, glucose, and ion exchange 
resin is recommended for the treatment of hyperkalemia. 
The erythropoiesis‑stimulating agent is safe in pregnancy, 
but higher doses are usually required to obtain the desired 
therapeutic effect in pregnant women.[115]

Dialysis

The indications for dialysis in P‑AKI are similar 
to the general population, and they include uremic 
symptoms  (encephalopathy, pericarditis, or neuropathy), 
volume overload, hyperkalemia, and/or metabolic acidosis 
unresponsive to initial medical treatment. However, early 
start of dialysis is recommended when GFR falls to below 
20  ml/min/1.73 m2.[116] The intermittent hemodialysis 
is preferred and dialysis of choice in most patients. It is 
essential to keep certain aspects in mind when dialysis is 
prescribed in pregnant women with AKI. They include 
(i) increased dialysis dose  (daily dialysis with duration 
of more than 20  h/week). This will improve the uremic 
environment, a high risk factor for prematurity and 

Table 7: Comparison of clinical and laboratory characteristics of hemolysis, elevated liver enzymes, and low platelet 
count, thrombotic thrombocytopenic purpura, hemolytic‑uremic syndrome, and acute fatty liver of pregnancy

Clinical feature HELLP* AFLP** aHUS*** TTP
Time of onset 3T 3T Postpartum 2T/3T
Hypertension 80%-100% 25%-50% + 0/+
AKI Mild/moderate Moderate Severe Mild/moderate
Renal prognosis Recovery Recovery 76% ESRD Fair
CNS findings + Absent Absent Dominant
Hemolytic anemia + 0/+ + ++
Thrombocytopenia + 0/+ ++ ++
Coagulopathy 0/+ + 0 0
Liver transminases increase ++ ++ 0 0
LDH (IU/L) + 0/+ ++ ++
Ammonia Normal High Normal Normal
ADAMTS‑13 activity <10% 0 0 + ++
Alternative complement pathway 0/+ 0/+ ++ 0
Management Support measures/

delivery
Support measures/
delivery

Plasma infusion/
exchange

Plasma infusion/
exchange

Effect of delivery on diseases Recovery Recovery None None
*Urine sediment is bland in preeclampsia/HELLP syndrome, **Coagulopathy, hepatic injury, and hypoglycemia are the key feature of 
AFLP, ***Isolated LDH increase with normal hepatic transaminase is characteristics of HUS/TTP (P‑TMA). 0: Absence, 0/+: Occasionally 
present, +: Sometimes present, ++: Always present, HELLP: Hemolysis, elevated liver enzymes, and low platelet count, AFLP: Acute fatty 
liver of pregnancy, aHUS: Atypical hemolytic‑uremic syndrome, TTP: Thrombotic thrombocytopenic purpura, AKI: Acute kidney injury, 
CNS: Central nervous system, LDH: Lactate dehydrogenase, ESRD: End‑stage renal disease, P‑TMA: Thrombotic microangiopathy of 
pregnancy
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polyhydramnios, and minimize hemodynamic fluctuations 
of hemodialysis. The hemodialysis‑related hemodynamic 
fluctuation and volume depletion can cause diminished 
uteroplacental perfusion and increased placental oxidative 
state[117] and  (ii) it is advised to maintain certain dialysis 
parameters in narrow range in pregnant women, such as 
bicarbonate to 25 mEq/L and sodium to 135 mEq/L.[118] 
Both conventional and low molecular weight heparin are 
safe to use in pregnancy during hemodialysis treatment 
because they do not cross the placental barrier.[115]

Treatment of the Underlying Pregnancy‑specific 
Diseases
Preeclampsia/HELLP syndrome

The treatment of severe PE/HELLP syndrome depends 
on illness severity, gestational age, and fetal well‑being. 
Before 24  weeks of gestation, pregnancy discontinuance 
is recommended since studies show no fetal survival 
benefit and only increase the risk of severe maternal 
complications.[71,119] Between 24 and 32  weeks of 
gestation, expectant management is a reasonable 
approach.[116] Delivery is the treatment of choice for 
pregnancy  ≥32  weeks.[71,86,120] Some clinical situations are 
considered indications for prompt delivery regardless of 
gestational age: worsening maternal conditions, eclampsia, 
or signs of fetal compromise.[116] Some studies show benefit 
of corticosteroid therapy in HELLP syndrome. However, 
the results of the only randomized controlled trial published 
to date do not show any impact of steroid therapy on 
length of hospitalization, on the speed of recovery or the 
development of complications.[74] There is no specific 
treatment of PE yet available. Thadhani et  al. have shown 
that removal of sFlt‑1 from circulation using therapeutic 
apheresis is associated with proteinuria reduction and 
prolongation of pregnancy without major adverse maternal 
or fetal consequences in patients with PE.[121] However, 
further controlled study is needed to confirm the beneficial 
effect of apheresis in patients with PE.

Acute fatty liver of pregnancy

The prompt and urgent delivery with supportive care is the 
essential component in the management of women with 
AFLP. The glycemic control with glucose administration 
and correction of coagulopathy with fresh frozen 
plasma, blood transfusion, or cryoprecipitate will help in 
stabilization of maternal condition. Hepatic encephalopathy 
is treated with low protein diet and oral lactulose. Delivery 
should be induced immediately to avoid progression to liver 
failure. Interventions such as mechanical ventilation and 
parenteral nutrition may be needed in more severe cases. 
Since most cases resolve spontaneously after delivery, 
liver transplantation is rarely needed.[122,123] Maternal and 
fetal mortality rates were as high as 85% in pregnancies 
complicated by AFLP in earlier reports.[91] However, 
recent case series report much lower maternal mortality 

(0%–12.5%). Overall, fetal and perinatal mortality rates 
have also improved ranging between 6.6% and 15% with 
improvement in health care.[81,86,88] Recurrence of AFLP is 
rare in subsequent pregnancies; only four cases of recurrent 
AFLP are reported in the literature.[124,125]

Pregnancy‑associated thrombotic microangiopathies

The treatment of TMA occurring during pregnancy should 
be tailored to the underlying pathogenic mechanisms. The 
treatment of TTP includes fresh frozen plasma infusion 
and plasmapheresis to correct ADAMTS‑13 deficiency 
and remove the ADAMTS‑13 circulating antibodies.[110] In 
suspected case of autoimmune ADAMTS‑13 deficiency, 
steroids are recommended as initial immunosuppressive 
therapy. The B‑cell depleting antibody rituximab is 
probably the optimal second‑line therapy for cases resistant 
to plasma exchange or fresh frozen plasma infusion.[102] 
However, potential fetal toxicity associated with rituximab 
is of concern.[126,127] Treatment of aHUS also includes 
plasma infusion and plasma exchange to restore the 
missing mediators  (factor H and I) and remove anti‑factor 
H.[95,128] In approximately 50% of patients, renal function 
does not improve during their first episode of aHUS with 
plasma exchange therapy.[102] The criteria use to define 
aHUS resistant to plasma exchange therapy include 
(i) the absence of platelet count increase, (ii) absence 
of LDH level decrease, and  (iii) absence of significant 
decrease  (>25%) of serum creatinine, despite 3–5 plasma 
exchange. The use of potent inhibitor of CAP activation is 
indicated for cases resistant to plasma therapy. The optimal 
first line of the current treatment for patients with aHUS 
is eculizumab  (monoclonal humanized IgG antibody) 
regardless of evidence of underlying CAP dysregulation. 
Eculizumab is a powerful inhibitor of C5 and thus prevents 
the generation of C5a and C5b.[129,130] The standard 
eculizumab regimen includes 4  weekly 900  mg infusions, 
followed by 1200 mg infusion every fortnight. Eculizumab 
is the most expensive drug in the world, with an annual 
cost of treatment being around $500,000/patients. Hence, 
the use of eculizumab may vary in different countries and 
institutions because of economic constraints. Response to 
therapy is indicated by normalization of platelet count and 
LDH level and atleast 25% decrease of serum creatinine. 
The potential fetotoxicity of eculizumab is usually not a 
concern in P‑HUS because it most frequently occurs after 
delivery. Platelet transfusions should be avoided if possible 
because of risk of increased microvascular thrombosis. The 
maternal mortality in P‑TMA has declined in recent years 
and is now between 10% and 20%.[128]

Conclusions
The management of P‑AKI is a major clinical challenge 
because it poses a risk to two lives  (mother and fetus). 
It is largely due to preventable obstetrical complications 
but can be caused by certain pregnancy‑specific diseases. 
Pregnancy hypertensive complications, notably PE/HELLP 
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syndrome, are the leading cause of P‑AKI worldwide. 
TMA  (aHUS/TTP) is a clinically challenging but 
fortunately rare causes of P‑AKI. Puerperal sepsis and 
obstetrical hemorrhage  (APH and PPH) still account for 
AKI in the postpartum period in addition to PE/HELLP 
syndrome in developing countries. The implementation of 
specific interventions for the prevention and management 
of sepsis and hypertensive complications in pregnant 
women may reduce the burden of P‑AKI in developing 
countries. Fortunately, overall, incidence of P‑AKI has 
probably decreased in developing countries with improved 
maternal prognosis. However, fetal mortality is still very 
high even in developed countries.
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