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CHAPTER 40 

Acute Kidney Injury in Pregnancy
Hilary S. Gammill and Arun Jeyabalan

OBJECTIVES
This chapter will:
1. Outline the epidemiology of pregnancy-related acute kidney 

injury.
2. Describe the physiologic changes that occur in the kidney 

secondary to pregnancy.
3. Review fetal considerations in the setting of acute kidney 

injury in the mother.
4. Address the causes of pregnancy-related acute kidney 

injury, including pregnancy-specific diseases such as 
preeclampsia.

5. Present an evidence-based approach to the diagnosis and 
therapy of acute kidney injury during pregnancy.

Acute kidney injury (AKI) in the context of pregnancy 
presents a clinical challenge. The number of diagnostic pos-
sibilities increases, and therapeutic options vary. Maternal 
physiologic alterations and fetal implications also must be 
considered. In view of this complexity, a multidisciplinary 
approach is recommended in the care of these women, 
including specialists in the fields of maternal-fetal medicine, 
critical care medicine, nephrology, and neonatology.

Although pregnancy-related AKI has become a rare 
occurrence in the developed world, it continues to be 
associated with significant mortality and long-term morbid-
ity. The societal impact of this is particularly pronounced 
because of the young and productive status of these women.

EPIDEMIOLOGY OF ACUTE KIDNEY INJURY 
IN PREGNANCY

Despite efforts to standardize the definitions in the general 
literature,1 acute kidney injury, formerly referred to as acute 
renal failure, has been variably defined in pregnancy, ranging 
from serum creatinine levels of greater than 0.8 mg/dL or 
doubling of serum creatinine to dialysis requirement. This 
lack of standardization and variability renders comparison 
across epidemiologic studies difficult. Furthermore, popula-
tions vary significantly in demographics, referral base, and 
standards of care. Despite these statistical limitations, general 
epidemiologic trends in pregnancy-related AKI can be 
recognized.

In the latter half of the 20th century, the overall incidence 
of AKI in pregnancy in the developed world decreased 
steadily. Similarly, the proportion of total cases of AKI 
related to pregnancy fell from a range of 20% to 40% in 
the 1960s to 2% to 10% in the 1980s.2–4 These trends were 
attributed to two main factors. First, the legalization of 
abortion in most developed countries resulted in a decline 

in septic abortions. Second, improvements in accessible 
prenatal care allowed for improved surveillance for pre-
eclampsia and other obstetric complications.3,4 However, 
despite this progress, the past decade has shown a trend 
toward increasing pregnancy-related AKI incidence, from 
1.6 to 2.4 per 10,000 deliveries in the late 1990s to 2.3 to 
6.3 per 10,000 deliveries in the late 2000s.5–8 This recent 
trend appears to be due to several factors, including an 
increase in pregnancy among women with chronic hyperten-
sion and chronic kidney disease, an increase in AKI among 
women with hypertensive disorders of pregnancy, and 
increased ascertainment of AKI diagnosis.

During the same time period, overall mortality and 
long-term morbidity rates have remained stable and may 
have decreased modestly in recent years. From the 1950s 
through the 1990s, overall mortality rates showed no clear 
trend over time.3–5,9,10 Recent data from the United States 
demonstrate a reduction in mortality related to pregnancy-
related AKI from 4.9% in 1999 to 2005 to 3.4% in 2006 to 
2011. Apparent limitations in improvement of mortality 
rates may be attributable to increased efficiency in the 
developed world in preventing cases of straightforward 
AKI, with an associated shift toward higher acuity in the 
remaining cases. The patients in whom renal failure con-
tinues to develop often have underlying chronic disease, 
multisystem organ dysfunction, and a high level of complex-
ity.4,5 Long-term prognosis has remained fairly consistent 
over time, with reported rates for full recovery of renal 
function between 60% and 90%,3,9,10 However, recent trends 
in increased representation of chronic kidney disease in 
the pregnancy-related AKI population suggest that renal 
recovery rates may be likely to decline. It is well established 
that in women with underlying chronic renal dysfunction 
(baseline serum creatinine greater than 1.4 mg/dL), the risk 
of pregnancy-related loss of renal function is significantly 
increased at 43%, and an estimated 10% of patients experi-
ence rapid deterioration in renal function.11

In the developing world, and in other populations with 
limited access to healthcare, pregnancy-related AKI con-
tinues to be overrepresented and is associated with higher 
mortality and morbidity rates.12–15 For example, epidemio-
logic data from India suggest that pregnancy-related AKI 
occurs in nearly 8% of pregnancies and continues to account 
for 20% of total AKI cases; in this population, chronic renal 
failure persists in one third of cases, and mortality rates 
remain high, estimated at 8% to 50%.12,13,15 However, recent 
data have demonstrated a decrease in renal cortical necrosis 
in pregnancy-related AKI in India between 1982 and 2014, 
perhaps reflecting improvements in maternal care, including 
abortion practices and access to dialysis support.16 The 
importance of access to care is further illustrated by data 
from an inner-city US population in Atlanta demonstrating 
a low renal function recovery rate of approximately 50%.17

In acute care settings, the primary clinical focus centers 
on early and optimal intervention to limit renal damage 
and to minimize immediate and long-term morbidity and 
mortality. An evidence-based and scientifically founded 
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gradual increase in plasma volume is achieved by a net 
retention of 900 to 950 mEq of sodium over the course of 
gestation. This net sodium reabsorption occurs at the level 
of the renal tubule despite a large filtered load.

A physiologic decrease in plasma osmolality also occurs 
in early pregnancy, reaching its nadir at approximately 10 
weeks of gestation and then remaining stable for the 
remainder of pregnancy. The vasopressin response around 
this altered threshold is appropriate, suggesting that a 
“resetting of the osmostat” occurs during pregnancy.27

Renal Hemodynamic Alterations During Pregnancy
Both glomerular filtration rate (GFR) and renal plasma flow 
(RPF) increase markedly in normal pregnancy. As determined 
by a compilation of data from rigorously selected studies, 
GFR and effective RPF were increased by 40% to 65% and 
50% to 85%, respectively, in the first half of gestation26 
(Fig. 40.1). These studies are notable because (1) GFR and 
RPF were measured using the gold standard of renal clear-
ance of inulin and paraaminohippurate, respectively; (2) 
GFR and RPF were compared with prepregnant or post-
partum values; and (3) effort was made to minimize urinary 
tract dead space.26 During pregnancy, RPF rises more 
substantially than GFR, resulting in a reduced filtration 
fraction (GFR/RPF). In the late third trimester, RPF declines 
while GFR is maintained.

Creatinine clearance, measured by 24-hour urine col-
lection, is used clinically to assess renal function and 
estimate GFR during pregnancy. Although endogenous 
creatinine is filtered at the level of the glomerulus and 
secreted by the proximal tubule, creatinine clearance is a 
reliable measure of GFR during pregnancy.26,28 The normal 
creatinine clearance during pregnancy ranges from 100 to 
200 mL/minute (Table 40.1). With renal disease and mark-
edly reduced GFR, however, creatinine clearance may 
overestimate the actual GFR. Using 24-hour urine collection 
to estimate GFR, Davison and Noble29 have demonstrated 
that the GFR increases by 25% by the fourth week after 
the last menstrual period and by 45% at approximately 9 
weeks of gestation. These renal hemodynamic alterations 
are among the earliest and most dramatic maternal adapta-
tions to pregnancy.

approach to the acute management of pregnancy-related 
AKI is presented later in the chapter.

To optimize acute care for pregnant women with AKI, 
it is crucial to build on an understanding of the physi-
ologic changes to the renal system in pregnancy. Therefore 
the following discussion begins with a consideration of 
these adaptations. In any acutely ill pregnant patient, one 
of the most substantial challenges is in caring for both 
the mother and her fetus. As described in a later section, 
pregnancy has specific influences on disease processes and 
on the effect of disease and treatment for the fetus. Also 
discussed are principles that underlie the balance between 
what at times may be opposing maternal and fetal goals. A 
discussion of the common causative disorders associated 
with pregnancy-related AKI, as well as a review of current 
evidence regarding efficacy and suitability of diagnostic 
and therapeutic options in pregnancy, also is included.

RENAL PHYSIOLOGY: ALTERATIONS  
IN PREGNANCY

An understanding of maternal cardiovascular and renal 
adaptations to pregnancy is fundamental to the appropriate 
clinical management of normal pregnancy, renal disorders 
in the gravid patient, and pregnancy-specific conditions 
such as preeclampsia.18

Anatomic Changes of the Upper Urinary Tract
Marked changes occur in the renal vascular and interstitial 
volume coincident with an increase in total blood volume 
during normal pregnancy. The renal volume increases by 
as much as 30%, and the overall dimensions of the kidney 
increase by approximately 1 cm.19,20

In addition, significant dilatation of the renal calyces, 
pelvis, and ureters is seen. This pregnancy-induced dilata-
tion of the renal collecting system leads to a physiologic 
hydronephrosis and hydroureter in 80% of women by 
midgestation.21 Dilatation of the right ureter is more common 
than on the left during pregnancy.22 The likely primary 
cause is mechanical compression by the enlarging gravid 
uterus and the ovarian venous plexus.21 The dextrorotation 
of the uterus and the presence of the sigmoid colon in the 
left pelvis may explain the asymmetric dilatation. The effects 
of progesterone and other pregnancy hormones on these 
anatomic changes are unclear. Progesterone may contribute 
to smooth muscle relaxation and possibly ureteral dilata-
tion23; however, some investigators have demonstrated no 
correlation between the degree of ureteral dilatation and 
progesterone concentrations.24

Systemic Cardiovascular Changes
Normal pregnancy is accompanied by dramatic cardiovas-
cular changes. Because of the relevance to renal function 
and dysfunction in pregnancy, a brief review is presented 
here. (The reader is referred to Chesley’s Hypertension in 
Pregnancy for a detailed review of this topic.25) During 
normal pregnancy, systemic vascular resistance is markedly 
reduced, whereas total blood volume and cardiac output 
are increased by approximately 50%.25,26 Both increased 
plasma volume and, to a lesser degree, red blood cell volume 
contribute to the expansion in total blood volume. The 
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FIGURE 40.1 Glomerular filtration rate (GFR) and effective renal 
plasma flow (ERPF) during pregnancy. (Data from Conrad KP, et al. 
The kidney in normal pregnancy and preeclampsia. In: Taylor RN, 
Roberts JM, Cunningham FG, Lindheimer, MD, eds. Chesley’s 
Hypertensive Disorders of Pregnancy. San Diego: Academic Press; 
2015: 335–378.)
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and renal plasma flow was not associated with an increase 
in intraglomerular hydrostatic pressure, as a result of the 
concomitant decline in pre- and postglomerular arteriolar 
resistances.32,33 Indirect evidence using membrane modeling 
to study the filtration barrier in human pregnancy supports 
the findings in isolated rat nephrons.34,35 The conscious, 
chronically catheterized, gravid rat is another model that 
has been used by Conrad et al. to further define the 
pregnancy-induced renal hemodynamic changes.28,36,37

Hormonal signaling has been proposed as a key factor 
in initiating these early adaptations. GFR and RPF rise 
during the luteal phase of the menstrual cycle, before and 
perhaps in anticipation of a pregnancy. GFR increases by 
20% in the second half of the menstrual cycle and further 
increases to 40% to 65% above baseline in the early part 
of gestation.29 Thus maternal ovarian hormones and hor-
mones produced by the fetoplacental unit have been 
implicated in these renal and cardiovascular adaptations.

Various steroid and peptide hormones of ovarian and 
placental origin have been investigated in this regard 
(reviewed in detail by Conrad et al.26). Estrogen and pro-
gesterone are steroid hormones produced in large quantities 
during pregnancy. Estrogen has a major role in increasing 
blood flow to various reproductive and nonreproductive 
organs during pregnancy but does not appear to influence 
GFR or RPF.38,39 Progesterone administration, however, does 
increase GFR and RPF in animal and human studies, but 
to a lesser extent than in pregnancy.40,41 Further investigation 
is needed to determine the precise role of progesterone and 
its metabolites in effecting renal hemodynamic changes in 
human pregnancy.

Various peptide hormones that are increased markedly 
in pregnancy also have been studied. The role of prolactin 
in renal adaptations remains unresolved,42 and human 
placental lactogens, which are increased markedly in 
pregnancy, have not been well investigated. The peptide 
hormone relaxin has been studied extensively using the 
rat model.28 Relaxin is a 6-kD peptide that originates from 
the corpus luteum of the ovary in rats and humans. Conrad 
et al. have shown that GFR and effective RPF changes 
comparable with those in midgestation are observed when 
recombinant human relaxin or porcine relaxin is adminis-
tered to female, nonpregnant rats.43 Similar renal hemody-
namic changes were demonstrated in ovariectomized female 
rats,44 and even in male rats administered relaxin.45 The 
increases in GFR and RPF observed in midterm pregnant 
rats were abolished with administration of relaxin-
neutralizing antibodies.44 This pregnancy- and relaxin-
induced renal vasodilation-hyperfiltration in rats has been 
shown to occur by way of an endothelial endothelin-B 
receptor and nitric oxide pathway.45–47 Subsequently, vascular 
matrix metalloproteinase-2 was shown to be a necessary 
component of this renal vasodilatory pathway in rats.48

Human studies are limited; however, some evidence 
indicates that relaxin also may play a role in human pregnan-
cies. In women who lack ovarian function, have undetectable 
levels of serum relaxin, and achieve pregnancy by means 
of ovum donation, the rise in GFR during pregnancy is less 
than that observed in women who have normal ovarian 
function and become pregnant.49 In nonpregnant healthy 
subjects, short-term administration of recombinant human 
relaxin resulted in an increase in RPF by 65% but no increase 
in GFR.50 When relaxin was administered chronically to 
nonpregnant subjects with scleroderma, creatinine clearance 
was increased by 15% to 20% above predicted levels.51 
Although such findings do not constitute definitive proof, 
these animal and human studies suggest that relaxin may 
play an important role in the early renal changes that occur 

Other commonly used markers for renal function are 
serum creatinine and blood urea nitrogen (BUN). Both are 
reduced during pregnancy secondary to the elevated GFR. 
Average values for serum creatinine and BUN are 0.5 mg/
dL and 9.0 mg/dL (see Table 40.1), respectively, in pregnant 
women, compared with mean values of 0.8 mg/dL and 
13.0 mg/dL in nonpregnant women.18 Circulating creatinine 
levels are determined by the balance of skeletal muscle 
production and urinary excretion. In pregnancy, GFR is 
increased markedly, whereas skeletal muscle production 
is relatively constant, resulting in reduced serum creatinine 
levels. Urea also is freely filtered at the glomerulus, and 
levels are reduced in normal pregnancy.

Mechanisms Underlying Renal Hemodynamic 
Alterations During Pregnancy
The precise mechanisms underlying the renal hemodynamic 
changes in pregnancy are not completely understood. 
Reduced renal vascular resistance is likely to be primarily 
responsible for the increased blood flow to the kidney. The 
increased blood flow also results in increased GFR. These 
alterations occur early in gestation, even preceding the early 
gestational changes in plasma volume and cardiac output, 
thereby anticipating the future needs of the growing feto-
placental unit.27,30

Because of ethical and feasibility issues limiting experi-
mental studies in pregnant women, animal models have 
been used to investigate the mechanisms underlying renal 
adaptations during pregnancy. The gravid rat has been used 
extensively, owing to renal, cardiovascular, and endocrine 
changes that are comparable with those seen in human 
pregnancy.31 Micropuncture techniques have been used to 
study the single nephron in Munich-Wistar rats during 
midgestation, when renal hemodynamic changes are 
maximal.32 Baylis et al. demonstrated that the rise in GFR 

TABLE 40.1 

Normal Laboratory Parameters in Pregnancy

VARIABLE

CHANGE COMPARED 
WITH NONPREGNANT 
VALUES

APPROXIMATE 
NORMAL VALUE IN 
PREGNANCY

Creatinine ↓ 0.5 mg/dL
BUN ↓ 9.0 mg/dL
Creatinine 
clearance

↑ ↑ ~25% above 
baseline

Uric acid ↓ 2.0–3.0 mg/dL
Urinary protein 
excretion

Variable to ↑ <300 mg/24 hr

Sodium retention 
over pregnancy

↑ 900–950 mEq

Plasma osmolality ↓ 270 mOsm/kg H2O
PCO2 ↓ 27–32 mm Hg 

below baseline
pH ↑ 7.40–7.45
Serum bicarbonate ↓ 18–20 mEq/L
Urinary glucose 
excretion

Variable to ↑ Variable

BUN, Blood urea nitrogen; PCO2, partial pressure of carbon dioxide.
Data from Jeyabalan A, Conrad KP. Renal physiology and 
pathophysiology in pregnancy. In: Schrier RW, ed. Renal and Electrolyte 
Disorders. 7th ed. Philadelphia: Lippincott Williams & Wilkins; 
2010:462–518. Conrad KP, Stillman IE, Lindheimer MD. The kidney in 
normal pregnancy and preeclampsia. In: Taylor RN, Roberts JM, 
Cunningham FG, Lindheimer MD, eds. Chesley’s Hypertensive Disorders 
of Pregnancy. 4th ed. San Diego: Academic Press; 2015:335–378.
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occurs, with only 7% to 12% of the filtered load undergoing 
urinary excretion.26 Although multiple factors may play a 
role in circulating uric acid levels during pregnancy, altered 
renal handling is the most likely major contributing factor. 
The mechanisms for increased uric acid clearance include 
increased GFR and reduced proximal tubular reabsorption, 
alone or in combination.

Conditions associated with plasma volume contraction, 
such as preeclampsia, can lead to decreased uric acid 
clearance and increased circulating levels. Uric acid has 
gained considerable attention in the obstetric literature 
for the prediction, diagnosis, and pathophysiology of 
preeclampsia.26,60–63

Acid-Base Homeostasis
The kidney also plays a unique role in the acid-base 
homeostasis of pregnancy. The primary alteration in preg-
nancy is a relative respiratory alkalosis that results from 
an increase in maternal minute ventilation. This reduces 
maternal partial pressure of carbon dioxide (pCO2) as 
observed on arterial blood gas analysis and serves as an 
important gradient for gas exchange at the maternal-fetal 
interface. To compensate for the respiratory alkalosis, 
bicarbonate excretion is increased by the kidney, resulting 
in reduced serum bicarbonate levels. This decrease in 
bicarbonate levels may limit the buffering capacity in 
pregnancy.

These acid-base alterations and limited buffering capacity 
are important in interpreting laboratory values and arterial 
blood gases during pregnancy. These physiologic changes 
are of particular importance in management of the acutely 
ill gravida.

FETAL CONSIDERATIONS

The normal physiologic changes of pregnancy occur to 
accommodate the growing fetoplacental unit. Although such 
adaptations have evolved to support fetal growth and 
development, these alterations can alter maternal compensa-
tory mechanisms, at times to maternal detriment. Therefore, 
with maternal diseases, it is imperative to have an under-
standing of the effect of pregnancy on the particular disease 
condition, as well as the effects of such disease processes 
on the progression of pregnancy and the implications for 
fetal development and well-being. Important considerations 
include viability of the fetus, gestational age, complications 
of prematurity, and optimization of fetal status.

Uteroplacental hemodynamics, fetal surveillance and 
monitoring, and interventions that may benefit the fetus 
in utero and reduce the complications associated with 
iatrogenic preterm birth warrant specific consideration in 
the context of pregnancy-related AKI.

Uteroplacental Hemodynamics and Fetal  
Oxygen Delivery
The adverse perinatal outcomes associated with pregnancy-
related AKI most often are due to altered uteroplacental 
hemodynamics specifically, reduced uterine blood flow. 
The fetus depends exclusively on placental gas exchange 
to maintain oxygenation and to avoid hypoxia and acidosis. 
The uteroplacental system does not have the capacity to 
autoregulate; thus placental perfusion depends on the 

during pregnancy. It also is likely that, at least in humans, 
more than one pathway exists to achieve the systemic and 
renal vascular changes of pregnancy, thereby providing 
some protective redundancy of mechanisms in normal 
reproductive adaptations.

Renal Handling of Substrates During Pregnancy
Protein
Assessing urinary protein excretion is important in the 
detection and monitoring of renal disease and of pregnancy-
specific pathologic conditions such as preeclampsia. Total 
protein and urinary albumin excretion are increased in 
normal pregnancy compared with nonpregnant levels, 
particularly after 20 weeks of gestation.26 The average 
24-hour total protein excretion and albumin excretion are 
200 mg and 12 mg, respectively, with upper limits during 
normal pregnancy of 300 mg and 20 mg in 24 hours.52–54 
The increased GFR in normal pregnancy and possible 
alterations in glomerular charge selectivity contribute to 
the gestational proteinuria and albuminuria. Increased 
urinary excretion of low-molecular-weight proteins and 
renal tubular enzymes during pregnancy implicates the 
physiologic impairment of proximal tubular resorptive 
capacity.55 No apparent change is observed in glomerular 
permselectivity based on molecular weight or size during 
pregnancy.

Glucose
Glucose is freely filtered at the level of the glomerulus and 
almost completely reabsorbed by a sodium-coupled active 
transport in the proximal tubule. A lesser amount of glucose 
also is absorbed in the collecting tubule. In the nonpregnant 
state, urinary glucose excretion is minimal (less than 125 mg/
dL) until the plasma concentrations reach levels above the 
maximal tubular resorptive capacity or a threshold con-
centration of 200 to 240 mg/dL.56

In pregnancy, the increased GFR and tubular flow rate 
may limit the ability of the proximal tubule to completely 
reabsorb glucose, resulting in a physiologic glucosuria 
of pregnancy. Davison et al. demonstrated less effective 
reabsorption of glucose during pregnancy in normal pregnant 
women, with a return to normal in the postpartum period.57 
Animal studies indicate that glucose reabsorption in the 
distal nephron may be decreased.58 Overall, the amount of 
urinary glucose excretion in the third trimester increases 
several-fold above levels in the nonpregnant state. Because 
of the physiologic changes in glucose handling during preg-
nancy and the normal glucosuria of pregnancy, presence of 
glucosuria is not a useful screen for renal tubular disorders, 
glucose intolerance, or diabetes during pregnancy.

Uric Acid
Serum uric acid is decreased by 25% to 35% in normal 
pregnancy, with a nadir of 2 to 3 mg/dL at 24 weeks of 
gestation and levels increasing toward nonpregnant-state 
values in the late third trimester.26,59 Sources of circulating 
uric acid are purine breakdown and dietary intake, with 
clearance effected primarily by renal excretion. Most of 
the circulating uric acid is unbound and is filtered by the 
glomerulus. Uric acid is reabsorbed as well as secreted by 
the proximal tubule of the kidney. Net uric acid reabsorption 



226  Section 10 / Clinical Syndromes and Acute Kidney Injury

value of a nonreassuring nonstress test result in the predic-
tion of hypoxia is less than ideal, with a stillbirth rate after 
a nonreassuring test result of 26 per 1000.68 For this reason, 
other tests such as the biophysical profile may be helpful.

The biophysical profile uses ultrasonography to assess 
fetal well-being by quantifying normal fetal behavior. Fetal 
gross movements, tone, breathing movements, and amniotic 
fluid volume are assessed; the nonstress test may also be 
incorporated into this scoring system. In observational 
studies the use of the biophysical profile has decreased 
perinatal mortality; however, despite its excellent negative 
predictive value, similar to nonstress testing, the biophysical 
profile has a limited positive predictive value.69 The utility 
of the nonstress test and biophysical profile have not been 
tested directly in the intensive care unit (ICU) setting.

Owing to the limitations of periodic fetal assessment in 
an acutely ill pregnant woman, fetal well-being often is 
best assessed with continuous fetal monitoring. Continuous 
assessment allows serial interpretation, which improves 
the predictive value of fetal heart rate pattern interpretation 
and enables real-time titration of blood pressure support 
and supplemental oxygen.

Fetal Interventions and the Maternal-Fetal Balance
With any seriously ill pregnant woman and her fetus, an 
intervention that may benefit one of the two involved 
patients may be detrimental to the other. These scenarios 
may present ethically troubling conflicts. What remains 
clear is that maternal stability must be ensured before an 
intervention specifically for fetal benefit should be under-
taken. In general, the acute maternal condition should take 
precedence; once it is stabilized, the fetal situation can be 
considered. The most extreme example is the need for 
emergency delivery of the fetus to provide effective car-
diopulmonary resuscitation for a pregnant woman. In less 
extreme situations, when the maternal condition is relatively 
stable, delivery may be delayed until optimization of the 
fetal condition can occur. The most common example of 
this clinical scenario is the short-term delay of delivery for 
glucocorticoid (betamethasone or dexamethasone) admin-
istration to accelerate fetal lung maturity before planned, 
induced preterm birth.70,71 With nonreassuring fetal status 
that does not improve with treatment of the mother, immedi-
ate delivery may be necessary for fetal benefit.

Other in utero treatments to optimize the fetal condition 
include careful attention to maternal intravascular volume 
status, stringent glucose control in patients with diabetes 
or glucose intolerance, and supplemental oxygen administra-
tion. In anticipation of these problems, specialized neona-
tologists and a tertiary care neonatal ICU are crucial 
components of the multidisciplinary team approach. The 
team also should include specialists in maternal-fetal 
medicine, critical care medicine, and nephrology. Patient 
care should be approached comprehensively, involving 
family members; in particularly difficult situations, incor-
porating medical ethicists may be helpful.

CAUSES OF PREGNANCY-RELATED ACUTE 
KIDNEY INJURY

In caring for the gravid woman with AKI, it is helpful to 
divide the disorder into two types: (1) pregnancy-specific 
AKI and (2) AKI affecting reproductive-age women that 

maintenance of adequate maternal systemic perfusion. For 
these reasons, intravascular volume support is a crucial 
component of management of these patients. Adequate fluid 
resuscitation not only may preserve uterine blood flow but 
also can limit renal damage.

In the setting of decreased uteroplacental perfusion, or 
other causes of limited oxygen delivery to the fetus, multiple 
protective mechanisms maximize and maintain adequate 
fetal oxygenation. Fetal hemoglobin, which is composed 
of two alpha chains and two gamma chains (rather than 
the two alpha and two beta chains of adult hemoglobin A), 
has a greater oxygen binding affinity than maternal hemo-
globin. This difference allows for higher fetal hemoglobin 
oxygen saturation at a given partial pressure of oxygen 
(pO2).64 The fetus also has the capacity to alter systemic 
blood flow by means of autoregulatory mechanisms to ensure 
preferential oxygen delivery to vital structures such as the 
brain, adrenals, and heart.65

When these mechanisms begin to fail, fetal tissue hypoxia 
results, and organic acids such as lactate accumulate. 
Carbonic acid readily diffuses across the placenta, but 
placental clearance of noncarbonic acids is extremely 
limited; thus anaerobic metabolism results in significant 
fetal metabolic acidosis. Maternal oxygen supplementation 
can improve significantly fetal oxygen content.66

In addition to volume support, uteroplacental perfusion 
can be altered by maternal positioning. Direct supine 
positioning causes compression of the maternal inferior 
vena cava by the gravid uterus and can lead to impaired 
venous return, inadequate uterine perfusion, and generalized 
hypotension. This can be avoided with simple measures 
such as lateral positioning or placement of a support under 
the left hip to shift the uterus away from the aortocaval 
system.

In an acutely ill population, fluid resuscitation, supple-
mental oxygen, and anatomic maneuvers may not be suf-
ficient to maintain adequate systemic blood pressure. In 
such situations, a potential role for vasopressor medications 
has been recognized. Knowledge of the effects of these 
agents on uteroplacental blood flow is limited. Dopamine, 
a norepinephrine precursor, has been shown to reduce 
uterine blood flow in animal models, including the baboon 
and sheep. Animal studies investigating the uteroplacental 
effects of epinephrine and norepinephrine have demon-
strated significant decreases in placental perfusion with 
intravenous bolus administration of pressors, an effect that 
is not seen with continuous infusion of lower doses 
(reviewed by Leonardi and Gonik67).

Fetal Surveillance and Monitoring
Fetal heart rate monitoring allows continuous, real-time 
evaluation of fetal status and placental oxygen delivery. In 
viable gestations (beyond 23 to 24 weeks of gestation), fairly 
frequent fetal heart rate monitoring may be indicated for 
fetal evaluation. Before the stage of viability, fetal monitoring 
may provide an indirect means to assess overall maternal 
systemic perfusion, even though fetal considerations are 
substantially different. The frequency of fetal monitoring 
should follow the acuity of the clinical situation, with 
particularly close surveillance in women with hemodynamic 
instability.

Intermittent monitoring using the nonstress test is a 
noninvasive method of assessing fetal health using fetal 
heart rate and maternal uterine contraction patterns. A 
normal fetal heart rate pattern reflects fetal neurologic 
maturity and normal acid-base status. The positive predictive 
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and low platelets, which occurs in 4% to 14% of cases  
of preeclampsia),79,80 and antiphospholipid antibody 
syndrome.79–82 It follows that in preeclampsia-related AKI, 
the primary pathologic process is acute tubular necrosis 
(ATN), with the most severe cases at risk for renal cortical 
necrosis.83

Two studies regarding pregnancy-related ARF related to 
preeclampsia suggest an overall incidence of 1.5% to 2%, 
although studies are limited and definitions have varied.79,84 
In another study, the incidence of AKI was significantly 
higher, with more than 7% AKI occurrence in patients with 
HELLP syndrome.80 Maternal mortality rates in these studies 
were 0 to 10%, and perinatal mortality rates were 34% to 
41%. In terms of renal prognosis, short-term dialysis rates 
were 10% to 50%. In these three studies, long-term follow-up 
evaluation spanned an average of 4 years, and the need for 
long-term renal replacement therapy depended on renal 
and hypertensive status entering pregnancy; none of the 
previously healthy preeclamptic patients required dialysis. 
By contrast, of women with preexisting hypertension or 
renal disease, 40% to 80% required long-term dialysis, and 
several of these patients ultimately died of end-stage renal 
disease.79,80,84 A recent population-based retrospective cohort 
study in Canada indicates that the temporal rise in obstetric 
acute renal failure is attributable to hypertensive 
disorders.7

As with any case of AKI, treatment must first address 
underlying disorders. As discussed, preeclampsia is a 
progressive, multisystem disease process without effective 
treatment strategies aside from delivery of the fetus and 
placenta. Therefore, in preeclampsia-related AKI, delivery 
is indicated. The mode of delivery (vaginal versus cesarean) 
depends on the combination of obstetric and other clinical 
factors; beyond this, the principles of management are 
primarily supportive and include replacement of blood 
products as indicated, maintenance of intravascular volume, 
and renal replacement therapy (RRT) as needed. Intravenous 
magnesium sulfate often is used for seizure prophylaxis in 
the setting of preeclampsia; dose should be adjusted in the 
setting of AKI to avoid magnesium toxicity, including 
cardiopulmonary collapse.

ACUTE FATTY LIVER OF PREGNANCY. Acute fatty 
liver of pregnancy (AFLP) is a disorder characterized by 
rapidly progressive hepatic failure in late gestation. It 
initially was described by Stander and Cadden in 193485 
and was considered to be extremely rare and frequently 
fatal for mother and baby. The incidence of AFLP varies 
widely based on report ranging from 1 in 7000 births to 1 
in 20,000 births. In the largest population-based cohort, 
the incidence was 1 case per 20,000 births.86 Maternal and 
perinatal mortality rates have decreased and are approxi-
mately 1% to 12.5% and 7% to 9%, respectively.87–89 This 
decline probably is the result of earlier diagnosis and 
intervention. Patients typically present with nausea, vomit-
ing, malaise, and occasionally mental status changes. 
Laboratory evaluation frequently demonstrates hyperbili-
rubinemia, moderate elevations in transaminases, elevated 
ammonia levels, and moderate hypoglycemia.83,89

The diagnosis of AFLP is made after excluding other 
etiologic possibilities such as gallbladder disease and acute 
hepatitis. The clinical manifestations of AFLP resemble 
those of preeclampsia and HELLP syndrome, and the 
metabolic abnormalities of AFLP can help make this dif-
ferentiation.87,89 Rarely, liver biopsy is needed to confirm 
the diagnosis, although the potential for significant clotting 
abnormalities in these patients should factor into the deci-
sion to biopsy. Other manifestations of AFLP include DIC 
(associated with decreased antithrombin III levels), major 

may occur simultaneously with pregnancy. Pregnancy-
specific cases of acute renal failure (ARF) often are 
improved—or cured—by conclusion of the pregnancy. 
Furthermore, treatment strategies other than delivery typi-
cally are lacking. The classic example is preeclampsia, a 
systemic disorder of endothelial dysfunction that is unique 
to pregnancy, can cause multiorgan system dysfunction, 
and generally is reversible on delivery of the fetus and 
placenta. Clinical decision making in such conditions 
depends on the gestational age and hinges on a balance of 
the risks of risks of prematurity to the neonate associated 
with delivery against disease progression to the mother 
and the fetus with expectant management.

Pregnancy-Specific Acute Kidney Injury Diagnoses
Several general categories of pregnancy-specific AKI are 
recognized: hypertensive, thrombotic microangiopathic, 
infectious, hypovolemic, and obstructive disorders. These 
categories and their component disease processes are 
reviewed next, with a focus on pathophysiology, prognosis, 
and specific therapies.

Hypertension and Thrombotic Microangiopathy
PREECLAMPSIA AND HELLP SYNDROME. One of the 

most important contributors to pregnancy-related AKI is 
preeclampsia. Clinically, the diagnosis of preeclampsia is 
made using criteria involving the development of hyperten-
sion and proteinuria in the latter half of pregnancy (Table 
40.2).72 The disease can manifest as dysfunction of multiple 
organ systems, including renal failure. The underlying 
pathophysiologic processes that contribute to the develop-
ment of preeclampsia include endothelial dysfunction and 
disruptions in immune, thrombotic, and metabolic func-
tion.73,74 Renal histologic effects of preeclampsia include 
the classic lesion of glomeruloendotheliosis and decreased 
glomerular size. Glomerular endothelial cells accumulate 
electron-dense material, resulting in increased cytoplasmic 
volume and a decrease in capillary lumen diameter, some-
times with complete capillary obliteration. Glomeruloen-
dotheliosis occurs in up to 70% of patients with preeclampsia 
and persists immediately postpartum,75 but it appears to 
reverse completely in the vast majority of cases.76,77 Coin-
cident with these histopathologic changes, overall decreases 
in GFR and effective renal plasma flow (ERPF) are seen in 
preeclampsia in comparison with normal pregnancy. These 
decrements are approximately 32% and 24%, respectively, 
from normal late-pregnancy levels.26

Secondary consequences of preeclampsia superimposed 
on intrinsic renal compromise can dramatically increase 
the degree of renal injury. Examples of such secondary 
effects include relative intravascular volume depletion, 
vasoconstriction, and activation of the inflammatory and 
coagulation cascades. Hemorrhage (e.g., placental abruption, 
postpartum hemorrhage) can have a profound effect on 
renal perfusion, thereby increasing risk of renal deterioration. 
Several studies have found that patients with pregnancy 
complications superimposed on preeclampsia are at 
increased risk for the development of AKI, suggesting that 
processes that further reduce intravascular volume or that 
predispose to thrombotic microangiopathy may be pivotal.78 
Entities specifically associated with preeclampsia-related 
AKI include placental abruption, disseminated intravascular 
coagulation (DIC), HELLP syndrome (a variant of severe 
preeclampsia involving hemolysis, elevated liver enzymes, 
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can result. In published series, renal recovery in survivors 
of AFLP was complete.83,87–89

As with preeclampsia, the only curative intervention 
for AFLP is delivery. Recovery tends to be prolonged for 
AFLP; however, long-term sequelae are rare. Liver transplant 
may be required in rare cases of severe and persistent liver 
dysfunction. Additional supportive measures, including 
correction of coagulopathy, maintenance of intravascular 
volume, and treatment of superimposed infections, are 
crucial. RRT is rarely indicated.83,87–89

AMNIOTIC FLUID EMBOLISM. Amniotic fluid embo-
lism (AFE), more appropriately referred to as “anaphylactoid 
syndrome of pregnancy,” is a rare but dramatic clinical 
entity. AFE manifests clinically as the acute onset of hypoxia, 
respiratory failure, cardiogenic shock, and DIC in preg-
nancy.91,92 In 70% of cases, the cardiorespiratory collapse 

intraabdominal bleeding, central diabetes insipidus, pan-
creatitis, and renal abnormalities.83,87–89

The renal dysfunction seen in AFLP probably is multi-
factorial. One study suggests that modest elevations in serum 
creatinine levels indicative of mild insufficiency precede 
many of the clinical manifestations of the disease.87 Microve-
sicular fatty infiltration of hepatocytes occurs in some 
patients because of inherited defects in mitochondrial 
β-oxidation of fatty acids. A mutation in long-chain 
3-hydroxyacyl–CoA dehydrogenase (LCHAD) causing an 
enzyme deficiency in mother and fetus predisposes to 
AFLP.90 It is hypothesized that this abnormal fatty acid 
oxidation may lead to fatty infiltration of tissues other than 
the liver, including the kidney. Hepatorenal syndrome also 
may contribute, and in patients who experience hemorrhage 
and significant volume depletion, acute tubular necrosis 

TABLE 40.2 

Classification of Hypertensive Disorders of Pregnancy

Preeclampsia •	 Blood	pressure	≥140 mm Hg systolic or ≥90 mm Hg diastolic on at least two occasions at least 4 hours 
apart after 20 weeks of gestation in a woman with a previously normal blood pressure OR

•	 Blood	pressure	≥160 mm Hg systolic or ≥110 mm Hg diastolic, hypertension can be confirmed within 
a short interval (minutes) to facilitate timely antihypertensive therapy AND

•	 Proteinuria	≥ 300 mg per 24-hour urine collection (or this amount extrapolated from a timed 
collection) OR protein/creatinine ratio of ≥0.3 OR dipstick reading of 1+ (used only if other 
quantitative methods not available)

OR in the absence of proteinuria, new-onset hypertension with the new onset of any of the following:
•	 Thrombocytopenia	with	platelet	count	< 100,000/µL
•	 Renal	insufficiency	with	serum	creatinine	of	> 1.1 mg/dL or a doubling of the serum creatinine 

concentration in the absence of other renal disease
•	 Impaired	liver	function	with	elevated	blood	concentration	of	liver	transaminases	to	twice	the	

normal concentration
•	 Pulmonary	edema
•	 Persistent	cerebral	or	visual	symptoms

Severe features of 
preeclampsia (any 
of these findings)

Systolic blood pressure of 160 mm Hg or higher, or diastolic blood pressure of 110 mm Hg or higher on 
two occasions at least 4 hours apart while a patient is on bed rest (unless antihypertensive therapy is 
initiated before this time)

Thrombocytopenia (platelet count < 100,000/µL)
Impaired liver function as indicated by abnormally elevated blood concentrations of liver enzymes (to 

twice the normal concentration), severe persistent right upper quadrant or epigastric pain 
unresponsive to medication and not accounted for by alternative diagnoses, or both

Progressive renal insufficiency (serum creatinine concentration of > 1.1 mg/dL or a doubling of the serum 
creatinine concentration in the absence of other renal disease)

Pulmonary edema
Persistent cerebral or visual disturbances

Eclampsia Generalized seizures that occur in a preeclamptic woman that cannot be attributed to other causes
Superimposed 
preeclampsia (likely 
when any of the 
following are 
present)

A sudden increase in blood pressure that was previously well controlled or escalation of antihypertensive 
therapy to control blood pressure

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

*Precise diagnosis is often challenging, and high clinical suspicion is warranted given the increase 
maternal and fetal/neonatal risks associated with superimposed preeclampsia

Severe features:
Severe range blood pressure despite escalation of antihypertensive therapy
Thrombocytopenia (platelet count < 100,000/µL)
Impaired liver function as indicated by abnormally elevated blood concentrations of liver enzymes (to 

twice the normal concentration), severe persistent right upper quadrant or epigastric pain 
unresponsive to medication and not accounted for by alternative diagnoses, or both

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

HELLP syndrome •	 Presence	of	hemolysis, elevated liver enzymes, and low platelets. This may or may not occur in the 
presence of hypertension and is often considered a variant of preeclampsia.

Gestational 
hypertension

•	 New	onset	of	sustained	elevated	blood	pressure	after	20	weeks’	gestation	in	a	previously	normotensive	
woman (≥140 mm Hg systolic or ≥90 mm Hg diastolic on at least two occasions 6 hours apart)

•	 No	proteinuria

From	Roberts	JM,	August	PA,	Bakris	G,	et	al.	Hypertension	in	Pregnancy.	Report	of	the	American	College	of	Obstetricians	and	Gynecologists’	Task	Force	
on Hypertension in Pregnancy. Obstetr Gynecol. 2013;122:1122-31.
*Precise diagnosis often can be made only after delivery. Preeclampsia, HELLP syndrome, and acute fatty liver of pregnancy resolve soon after delivery.
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HUS. Often the precise diagnosis is not made until after 
delivery, after which preeclampsia, HELLP syndrome, and 
acute fatty liver of pregnancy would improve, whereas TTP/
HUS does not. Other considerations include anti-complement 
therapy for complement-mediated HUS as well glucocor-
ticoids for TTP/HUS.99,101 Supportive therapy and a mul-
tidisciplinary team approach are of key importance in the 
management of these patients.

POSTPARTUM IDIOPATHIC ACUTE RENAL FAILURE.  
Cases of pregnancy-related AKI confined to the postpartum 
period that do not meet specific criteria for TTP, HUS, 
preeclampsia, or AFLP have been grouped into a category 
of idiopathic postpartum AKI.83,103 Recently, it has become 
clear that these cases fall along the spectrum of thrombotic 
microangiopathy with predominantly renal manifestations. 
No specific therapeutic principles regarding this entity are 
recognized; rather, treatment should be given according to 
the likely underlying causative disorder, with supportive 
care and plasmapheresis if indicated.94,102

Infection and Sepsis
Sepsis from any cause can lead to hypotension and decreased 
renal perfusion, with the associated risks for prerenal 
ischemia and ATN. The most common sources of sepsis in 
pregnancy include pyelonephritis, chorioamnionitis, and 
pneumonia.

Pyelonephritis is the most common serious infectious 
complication of pregnancy. Although the incidence of 
asymptomatic bacteriuria remains unchanged in pregnancy, 
the consequences are substantial with a higher likelihood 
of ascending infection and pyelonephritis.104 In addition, 
pyelonephritis is associated with a higher risk of systemic 
inflammation and sepsis in the pregnant versus the non-
pregnant state. These elevated risks can be attributed to 
several of the physiologic adaptations of the renal system to 
pregnancy, including ureteral dilation, bladder wall flaccid-
ity, and increased sensitivity to bacterial endotoxin–induced 
tissue damage. Although pyelonephritis can lead to sepsis 
and AKI in the pregnant and nonpregnant host, the risk of 
AKI resulting from pyelonephritis in pregnancy is increased 
independent of the presence or absence of sepsis. One 
historical study showed that 25% of women with nonseptic 

occurs during labor. The maternal mortality rate for AFE 
is estimated to be more than 60%, with a similar perinatal 
mortality rate. Approximately 85% of survivors suffer 
neurologic sequelae.92 Owing to the associated DIC, cardiac 
dysfunction, and hemorrhage contributing to intravascular 
volume depletion, AKI is a factor to consider in all immedi-
ate survivors, and careful attention to volume resuscitation 
is crucial.

THROMBOTIC THROMBOCYTOPENIC PURPURA AND 
HEMOLYTIC UREMIC SYNDROME. Although these are 
not pregnancy-specific conditions, thrombotic thrombocy-
topenic purpura (TTP) and hemolytic uremia syndrome 
(HUS) often enter the differential diagnosis along with 
preeclampsia/HELLP syndrome and pregnancy-related AKI93; 
therefore we briefly discuss the relevance to pregnancy in 
this section. TTP/HUS is more common in women (70%) 
and during pregnancy (13%). Although mortality has 
decreased (range of 8% to 44%), long-term morbidity is 
significant.93–95 AKI is estimated to occur in two thirds of 
patients, with a substantial proportion of women developing 
chronic renal insufficiency and hypertension.94,96 TTP and 
HUS are characterized by microangiopathic hemolytic 
anemia, intravascular thrombi associated with consumption 
of platelets, thrombocytopenia, ischemia, and multiple organ 
involvement.94,96–99 TTP is described conventionally as a 
pentad of clinical findings: thrombocytopenia, hemolytic 
anemia, fever, neurologic abnormalities, and renal dysfunc-
tion.99,100 Features of HUS are similar except that renal 
dysfunction is more profound and neurologic problems are 
infrequent. TTP is thought to be caused by a severe defi-
ciency of ADAMTS13, a plasma metalloprotease that cleaves 
multimers of von Willebrand factor, leading to multimer-
mediated microthrombosis. This deficiency may be acquired 
and inherited. HUS may be complement-mediated or 
associated with Shiga toxin–producing organisms. There 
is often considerable overlap between these conditions.99

When coincident with pregnancy, TTP/HUS can present 
very much like severe preeclampsia and/or HELLP syn-
drome.101,102 Proper diagnosis is important because treatments 
are different. Table 40.3 provides some general principles 
in differentiating between these conditions. With diseases 
along the preeclampsia spectrum, the proper treatment is 
delivery. On the other hand, timely institution of plasma-
pheresis is the cornerstone of urgent treatment for TTP/

TABLE 40.3 

General Principles in the Differential Diagnosis for Preeclampsia, Acute Fatty Liver of Pregnancy, Thrombotic 
Thrombocytopenic Purpura, and Hemolytic-Uremic Syndrome

PREECLAMPSIA/HELLP
ACUTE FATTY LIVER OF 
PREGNANCY

THROMBOTIC 
THROMBOCYTOPENIC PURPURA

HEMOLYTIC UREMIC 
SYNDROME

Onset Usually third trimester Close to term Median 23 weeks Often postpartum
Primary/unique 
clinical manifestation

Hypertension and 
proteinuria

Nausea, vomiting, 
malaise

Neurologic symptoms Renal involvement

Purpura Absent Absent Present Absent
Fever Absent Absent Present Absent
Hemolysis Mild Mild Severe Severe
Coagulation studies Variable Prolonged abnormal Normal Normal
Hypoglycemia Absent Present Absent Absent
Other lab 
abnormalities

Absent Absent ADAMTS13 deficiency 
and increase in vWF 
multimers

May be complement-
mediated or associated 
with Shiga toxin

Primary Treatment Delivery Delivery Plasmapheresis Plasmapheresis

ADAMTS13, A disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13; AFLP, acute fatty liver of pregnancy;  
HELLP, hemolysis, elevated liver enzymes, low platelets; HUS, hemolytic uremic syndrome; TTP, thrombotic thrombocytopenic purpura; vWF, von 
Willebrand factor.
Data from references 72, 83, 87–89, 93–94, 96–99.
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including septic abortion, antibiotic selection should be 
broad spectrum, ensuring adequate anaerobic coverage. For 
cases of septic abortion or chorioamnionitis, antibiotic pen-
etration of the uterine cavity is suboptimal and evacuation 
of the uterine contents is necessary for effective treatment, 
regardless of gestational age and fetal viability.

Volume Depletion
Volume depletion can lead to AKI by causing prerenal 
ischemia. In pregnancy, the most common cause of volume 
depletion of this magnitude is obstetric hemorrhage, which 
can occur at any gestational age (Table 40.4). Severe cases 
of hyperemesis gravidarum leading to refractory nausea 
and vomiting, if insufficiently treated, also could result in 
poor renal perfusion.

Obstetric hemorrhage can occur early in pregnancy 
because of spontaneous or induced abortion as well as 
ruptured ectopic pregnancy. More commonly, third trimester 
hemorrhage from placenta previa, placental abruption, or 
postpartum hemorrhage are contributors to significant blood 
loss, putting women at risk of AKI.110 With the increase in 
cesarean section rate, abnormal placentation such as placenta 
accreta requiring cesarean hysterectomy also is becoming 
a major contributor.111 These processes also can be associated 
with consumptive coagulopathy, which can exacerbate the 
process, or DIC, which additionally can cause direct 
intrarenal damage. Treatment of hemorrhage sufficient to 
cause prerenal ischemia includes volume support, replace-
ment of blood products, and correction of coagulopathy. 
In the antepartum setting, delivery often is indicated, either 

pyelonephritis in pregnancy demonstrated a significant 
decrement in GFR.105 The most common organisms involved 
in pyelonephritis during pregnancy are Escherichia coli, 
Proteus mirabilis, Klebsiella species, Enterobacter, and 
Enterococcus. Staphylococcus saprophyticus and group B 
streptococci also are potential pathogens.106

As mentioned, septic abortion was once a significant 
contributor to AKI in pregnancy. With the legalization of 
abortion and subsequent decrease in the incidence of related 
infections, this has become a less important contributor. 
Nevertheless, cases of septic abortion associated with 
spontaneous and therapeutic abortion persist. In our institu-
tion, a recent case of sepsis with AKI in a septic spontaneous 
abortion was associated possibly with chorionic villus 
sampling (an invasive procedure used for chromosomal 
assessment in cases of increased risk of fetal aneuploidy). 
There is some suggestion of a higher incidence of renal 
cortical necrosis in sepsis associated with septic abortion 
than would be expected with sepsis in general.107 These 
infections tend to be polymicrobial, often involving anaero-
bic species. The most common organisms implicated in 
bacteremia resulting from ascending infection are Escherichia 
coli, group B streptococci, and anaerobic streptococci; 
Bacteroides, Clostridium, and Enterococcus species also 
may be involved.108,109

In terms of therapeutic considerations for all of these 
cases, general supportive measures, including hydration 
and blood pressure support, should be accompanied by 
antibiotic therapy. The choice of antibiotic coverage should 
be governed by the organisms involved, based on either 
epidemiologic data or documented culture results. For 
polymicrobial ascending infections of the genital tract, 

TABLE 40.4 

Common Causes of Obstetric Hemorrhage*

TIMING DESCRIPTION MANAGEMENT

Ectopic 
pregnancy

First trimester Pregnancy that implants outside of the 
uterus – fallopian tube is the most 
common site. Rupture of the tube is 
associated with severe hemorrhage.

Immediate surgical intervention to remove the 
pregnancy and stop bleeding is warranted if 
patient is actively bleeding and 
hemodynamically unstable. More conservative 
surgical options and/or medical therapies can 
be used if hemodynamically stable.

Induced or 
spontaneous 
abortion

First or second 
trimester

Persistent, heavy bleeding is often due to 
products of conception that are retained 
within the uterine cavity

Dilation of the cervix and curettage of the 
uterus (D&C) is generally done if heavy 
bleeding and/or hemodynamic compromise.

Placenta 
previa

Second or third 
trimester

Implantation of the placenta over the 
internal os of the cervix which can result 
in heavy vaginal bleeding, usually 
painless

Delivery by cesarean section is recommended 
for heavy, active bleeding. Expectant 
management may be considered if the 
bleeding is self-limited or mild.

Placental 
abruption 
(or abruptio 
placenta)

Second or third 
trimester

Separation of the placenta from the uterine 
wall before delivery of the fetus. Usually 
presents as vaginal bleeding and severe 
abdominal pain, uterine tenderness, 
contractions

Severe abruption with complete separation of 
the placenta can lead to significant maternal 
bleeding, coagulopathy, fetal distress, and 
death.

Treatment is stabilization of maternal status, 
delivery, and supportive care. Mild or partial 
abruptions can be managed expectantly.

Intra- or 
Postpartum 
hemorrhage

During or after 
delivery 
(usually within 
48 hours)

Severe vaginal or intra-abdominal bleeding 
during or after delivery. Most common 
reason is uterine atony (failure of the 
uterus to contract). Other reasons include 
retained placenta, genital tract 
lacerations, coagulopathy, placenta 
accreta (abnormal placental implantation), 
rupture, or inversion of the uterus.

Treatment is based on cause. For uterine atony, 
medical, conservative surgical therapies, and 
uterine artery embolization may be used; if 
unsuccessful and bleeding is intractable, then 
hysterectomy may be indicated.

*In all cases of obstetric hemorrhage, correcting the underlying cause along with aggressive fluid resuscitation, replacement with blood and blood 
products as indicated, and correction of coagulation abnormalities are basic principles of management.
Modified from Deering S, Seiken G. Acute renal failure. In: Dildy, ed. Critical Care Obstetrics. 4th ed. Malden, MA: Blackwell; 2004;372–379.
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with such conditions in several case reports.115–120 Maternal 
genitourinary anomalies or previous surgery also can 
increase susceptibility to such processes, particularly in 
patients with a unilateral kidney or collecting system.121 
Nephrolithiasis is another potential obstructive cause of 
AKI with the incidence of stones being similar to that in 
a population of nonpregnant reproductive-age women.122

Approaches to treatment of obstructive pregnancy-related 
AKI include cystoscopy and retrograde ureteral stent place-
ment or percutaneous nephrostomy.117,118,121 If the clinical 
situation suggests that delivery would be appropriate, this 
may relieve the urinary tract obstruction.115,116,120 Published 
case reports indicate excellent prognosis for general recovery 
and restoration of renal function once the obstruction is 
relieved.115,116,120 Rarely, hemodialysis has been suggested 
as a temporizing measure until more definitive treatment 
of the obstruction can be achieved.123

Other Intrinsic Renal Dysfunction in Pregnancy
As mentioned, the evaluation of a pregnant patient with 
AKI must take into consideration those etiologic disorders 
that may occur coincident with gestation but may not be 
specific to pregnancy. Table 40.5 outlines the broad dif-
ferential diagnosis, with a focus on those diseases that are 
more common in reproductive-age women. Differentiating 
glomerular disease from preeclampsia and other forms 
of pregnancy-related AKI can be challenging. Some of 
the distinguishing characteristics are summarized in  
Table 40.6.

vaginally or by cesarean section, depending on the obstetric 
indications. In the postpartum setting, the underlying 
problem must be addressed. In cases of uterine atony leading 
to hemorrhage, medical therapy with uterotonics or surgical 
intervention for refractory cases may be necessary. For 
surgical bleeding, exploratory laparotomy and repair may 
be indicated.

Hyperemesis gravidarum is a common complication of 
pregnancy, with 70% to 85% of pregnant women experienc-
ing some degree of nausea and vomiting112; in 1% to 2% 
of women, signs and symptoms can be severe, often includ-
ing a loss of 5% of body weight and severe electrolyte 
derangement.113 In general, hyperemesis can be managed 
with oral antiemetic medications. In a small subset of 
patients, aggressive management with enteral or parenteral 
nutrition, or both, and intravenous hydration along with 
IV antiemetics may be required. In rare cases in which 
access to such supportive care may be limited, severe 
hypovolemia can result in prerenal ischemia and AKI. A 
case report describes a good outcome for one such patient, 
who required short-term RRT and supportive care and 
subsequently went on to recover full renal function.114

Obstruction
The gravid uterus can significantly compress the maternal 
urinary system, particularly in conditions characterized by 
uterine overdistention, such as polyhydramnios, multiple 
gestation, or uterine fibroids. Although rare, obstructive 
pregnancy-related AKI has been described in association 

TABLE 40.5 

Differential Diagnosis of Intrinsic Renal Disease in Reproductive-Age Women

CATEGORY/LOCATION MECHANISM/SUBTYPE SPECIFIC DIAGNOSES

Tubular necrosis Continuum with prerenal ischemia Ischemia
Toxins

Vasculitis Systemic vascular inflammation 
with renal involvement

Wegener granulomatosis

Thromboembolic disease
Scleroderma

Acute 
glomerulonephritis

Focal glomerulonephritis IgA nephropathy
Thin basement membrane disease
Lupus nephropathy
Hereditary nephritis
Mesangial proliferative glomerulonephritis

Diffuse glomerulonephritis Postinfectious glomerulonephritis
Lupus nephropathy
Rapidly progressive glomerulonephritis
Fibrillary glomerulonephritis
Membranoproliferative glomerulonephritis

Nephrotic syndrome Focal glomerulosclerosis
Minimal change disease
Membranous nephropathy (including lupus)
Diabetic nephropathy
Late-stage postinfectious glomerulonephritis

Acute interstitial 
nephritis

Hypersensitivity response Drug/toxin (e.g., penicillins, cephalosporins, sulfonamides, 
rifampin, ciprofloxacin, NSAIDs, thiazide diuretics, furosemide, 
cimetidine, phenytoin, allopurinol)

Autoimmune disease (e.g., lupus)
Infiltrative disease (e.g., sarcoidosis)
Infectious disease (e.g., Legionnaire disease, hantavirus infection)

IgA, immunoglobulin A; NSAIDs, nonsteroidal antiinflammatory drugs.
Data from Jeyabalan A, Conrad KP. Renal physiology and pathophysiology in pregnancy. In: Schrier RW, ed. Renal and Electrolyte Disorders. 7th ed. 
Philadelphia: Lippincott Williams & Wilkins; 2010:462–518; Conrad KP, Stillman IE, Lindheimer MD. The kidney in normal pregnancy and 
preeclampsia. In: Taylor RN, Roberts JM, Cunningham FG, Lindheimer MD, eds. Chesley’s Hypertensive Disorders of Pregnancy. 4th ed. San Diego: 
Academic Press; 2015:335-78; Thadhani R, Pascual M, Bonventre J. Acute renal failure. N Engl J Med. 1996;334:1448–1460.
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EVIDENCE-BASED APPROACH TO 
EVALUATION AND MANAGEMENT  
OF PREGNANCY-RELATED ACUTE  
KIDNEY INJURY

Initial evaluation of the pregnant woman with AKI consists 
of a detailed history, physical examination, and laboratory 
assessment.18,101,124 The primary cause of the AKI often 
becomes readily apparent based on clinical history, for 
example, with severe postpartum hemorrhage or placental 
abruption with preeclampsia. Serum creatinine is a key 
component of the diagnosis of AKI; the normal range of 
serum creatinine is significantly lower in the pregnant 
patient. Electrolytes, blood urea nitrogen, and complete 
blood count are useful because these can be affected primar-
ily or secondarily with AKI. Urine electrolytes and micro-
scopic evaluation may be helpful in differentiating between 
prerenal and intrarenal causes of AKI.125 A functioning 
kidney with reduced perfusion responds by increasing 
sodium and water reabsorption with a concomitant reduction 
in urinary sodium excretion. This is reflected in the urine 
sodium concentration and fractional excretion of sodium:

[( )
(

Urine sodium Plasma creatinine
Plasma sodium Urine crea

×
× ttinine)] × 100

Both would be low with prerenal causes: <20 mEq/L and 
<1%, respectively. With intrinsic causes, urine sodium and 
fractional excretion are expected to be higher, approximately 
>40 mEq/L and >2%, respectively. Lower urine osmolality 
with granular or cellular casts with white and red blood 
cells also are observed with intrarenal AKI. If postrenal 

TABLE 40.6 

Differentiation of Acute Glomerulonephritis  
and Preeclampsia

PARAMETER
ACUTE 
GLOMERULONEPHRITIS PREECLAMPSIA

Gestational age Any Mostly third 
trimester

Hypertension Present Present
Systemic 
manifestations

Collagen vascular 
disease, 
preceding 
infection

Neurologic, 
hematologic, or 
hepatic 
involvement

Urine sediment Hematuria, red 
blood cell casts, 
oval fat bodies

Isolated 
proteinuria or 
findings of acute 
tubular necrosis 
(brown granular 
casts, renal 
tubular cells)

Proteinuria >2 g/24 hr >300 mg/24 hr
Complement levels ↓ ↔
Antinuclear 
antibodies (ANA)

↑ ↔

Antistreptolysin-O 
titers

↑ ↔

Other 
autoantibodies

↑ ↔

↓, Decreases; ↑, increases; ↔, no apparent change.
Data from Deering S, Seiken G. Acute renal failure. In Dildy GA III, 
Belfort MA, Saade GR, eds. Critical Care Obstetrics, 4th ed. Malden, MA: 
Blackwell Science; 2004:372–379.

causes of AKI are suspected, imaging of the urinary tract 
should be performed. Ultrasound is generally the first-line 
imaging of the urinary tract in pregnancy. Mild or moderate 
hydronephrosis, particularly on the right, is expected in 
pregnancy. Specialized serologic tests are used if the cause 
of AKI is unclear and/or diagnoses not specific to pregnancy 
are being considered, such as lupus. Renal biopsy rarely 
is indicated during pregnancy, because an empiric diagnosis 
can be made with most cases of AKI and treatment instituted 
accordingly. Moreover, renal biopsy appears to be associated 
with increased morbidity during pregnancy. In a recent 
systematic review reporting on renal biopsies performed 
during pregnancy or postpartum, the risk of major complica-
tions, including bleeding, was significantly higher during 
pregnancy than postpartum (7% vs. 1%).126 Bleeding 
requiring transfusion was the most frequent major complica-
tion. The complication rate was higher at 23 to 26 weeks 
compared with earlier in the pregnancy or postdelivery. 
Renal biopsy is not indicated for the diagnosis of preeclamp-
sia; however, it may be useful in selected situations in 
which treatment options other than delivery would be 
considered based on the histologic diagnosis. Experts have 
suggested that renal biopsy be limited to sudden, unex-
plained	 deterioration	 of	 renal	 function	 before	 32	weeks’	
gestation given the higher procedure-related risks.127 The 
gestational age limits at which to consider biopsy may have 
to be reevaluated given the improved neonatal outcomes 
at	28	to	30	weeks’	gestation	with	antenatal	glucocorticoid	
use and better neonatal intensive care. Empiric medical 
therapy such as high-dose steroids should be considered 
strongly before proceeding to renal biopsy during pregnancy 
if a particular diagnosis seems most likely. We recommend 
a multidisciplinary team approach to the decision making 
with maternal-fetal medicine, nephrology, and neonatology 
specialists.

Management of Acute Kidney Injury in Pregnancy
Management principles of pregnancy-associated AKI are 
as follows: (1) treat the underlying cause, (2) prevent progres-
sion of renal damage, (3) maintain supportive measures, 
and (4) consider maternal health as primary while optimizing 
fetal well-being.18,101 A multidisciplinary team approach is 
recommended for the management of these complex patients 
including maternal-fetal medicine (high-risk obstetricians), 
critical care medicine, nephrology, and neonatology special-
ists. Initial treatment should be directed at correcting the 
underlying causative factors and preventing progressive 
renal injury. As with the nonpregnant patient, the conven-
tional approach of categorizing AKI cause as prerenal, 
intrarenal, and postrenal provides a framework for guiding 
therapy in pregnancy-related AKI (PR-AKI).125 Prerenal AKI 
is a result of reduced renal perfusion. Hypovolemia (such 
as blood loss related to intra- or postpartum hemorrhage, 
placental abruption, or placenta previa), hypotension (e.g., 
septic shock), and low cardiac output are common reasons 
for reduced perfusion of the kidneys and subsequent AKI. 
If renal hypoperfusion is severe, prolonged, or uncorrected, 
intrinsic renal damage or intrarenal AKI (e.g., ATN or cortical 
renal damage) may occur. Intrarenal AKI also may be caused 
by nephrotoxic drugs (e.g., aminoglycosides, nonsteroidal 
antiinflammatory drugs) or immune-mediated damage (e.g., 
lupus nephritis) that may occur with pregnancy. All neph-
rotoxic medication should be stopped to prevent further 
renal decline. Care also must be taken to adjust the dosing 
of medications that are renally cleared; one such agent 
commonly used in pregnancy is magnesium sulfate, which 
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which is highly dependent on maternal intravascular volume 
and cardiac function. Therefore prompt volume resuscitation 
with intravenous fluids or blood/blood products is indicated. 
Safety of medications is also an important fetal consider-
ation. For viable pregnancies (usually >24 weeks of gesta-
tion), fetal monitoring is recommended. Depending on the 
clinical situation, continuous or intermittent fetal heart 
rate monitoring or biophysical profile assessment by 
ultrasound can be used to evaluate fetal well-being. If 
preterm delivery is indicated, such as with preeclampsia 
for maternal benefit, antenatal glucocorticoids (betametha-
sone or dexamethasone) should be administered to reduce 
neonatal morbidity and mortality associated with prema-
turity.71 Neonatologists should be involved if delivery is 
being considered.

CONCLUSION

Pregnancy alters maternal physiology. It confounds the 
status of one patient with the needs of another, sometimes 
with conflicting goals. Although many of the maternal 
physiologic adaptations to pregnancy are understood, the 
underlying mechanisms remain incompletely elucidated. 
The cause of some pathologic processes unique to pregnancy 
also remains elusive. The diagnosis, classification, and 
treatment of women with pregnancy-related AKI can be 
challenging and require a multidisciplinary clinical team, 

is used for seizure prophylaxis in preeclampsia and for 
fetal neuroprotection in the setting of imminent preterm 
birth. Postrenal causes of AKI such as ureteral obstruction 
by the gravid or overdistended uterus or renal stones may 
be temporized by ureteral stents or percutaneous nephros-
tomy. If appropriate, delivery of the fetus will likely improve 
renal function.

By far, the most important tenet of PR-AKI management 
is improving and maintaining adequate renal perfusion to 
limit ongoing renal damage and reverse any preischemic 
changes. This is generally done with intravenous administra-
tion of crystalloid or colloid solution, or in many obstetric 
situations of hemorrhage and disseminated intravascular 
coagulation, with packed red blood cells and other blood 
products as indicated. The rapidity of these interventions 
is guided by clinical status, pulmonary function, and urine 
output. In complicated cases, invasive hemodynamic assess-
ments with central venous pressure monitoring with or 
without a pulmonary artery pressure catheter may be needed 
to guide management.

As with AKI in the nonpregnant individual, pharmaco-
logic therapies for PR-AKI are secondary.18 The use of 
low-dose dopamine, believed to improve renal blood flow 
and clinical outcomes, is not supported by the current 
literature. Routine use of loop diuretics to prevent AKI is 
not recommended. An important pregnancy-specific con-
sideration with vasoactive and diuretic medications includes 
the potential effect of reducing uterine blood flow and 
placental perfusion, thereby affecting fetal well-being.

Ongoing supportive care includes correcting the down-
stream effects of AKI, such as hyperkalemia, metabolic 
acidosis, and anemia.18,124,125,128 Hyperkalemia may be treated 
with polystyrene sulfonate (potassium-binding resin) or 
glucose/insulin during pregnancy. Metabolic acidosis may 
be corrected acutely using bicarbonate; however, the underly-
ing cause should be treated. Furthermore, the physiologic 
respiratory alkalosis of pregnancy and compensatory 
decrease in plasma bicarbonate must be taken into account 
when addressing acid-base status in the pregnant woman. 
Anemia associated with PR-AKI is usually secondary to 
acute blood loss, hemolysis, and/or reduced hematopoiesis. 
In the acute setting, severe anemia is treated with red blood 
cell transfusion. Exogenous erythropoietin may be admin-
istered safely in pregnancy. Higher doses usually are needed 
to achieve a good response.129–131

RRT (renal replacement therapy), also referred to as 
dialysis,  should be considered if the previously mentioned 
measures are inadequate. The general indications for RRT 
in pregnancy are similar to those in nonpregnant individuals: 
(1) volume overload, (2) hyperkalemia refractory to medical 
management, (3) metabolic acidosis, and/or (4) symptomatic 
uremia (mental status changes, pericarditis, neuropathy). 
Hemodialysis and peritoneal dialysis have been used suc-
cessfully in pregnant women with chronic and end-stage 
renal disease. Hemodialysis is used more commonly to 
achieve a rapid response in the acute setting. The precise 
type (intermittent vs. continuous) as well as timing and 
thresholds for initiation of RRT in PR-AKI have not been 
determined. Experts recommend modification of RRT 
protocols during pregnancy including an increase in dialysis 
time and frequency, minimizing fluid shifts and hypotension, 
and maintaining serum urea <45 to 60 mg/dL (Table 
40.7).132,133 With pregnancy-specific causes of AKI, dialysis 
is often temporary until renal function recovers.

In pregnancy there are two patients, the mother and her 
fetus. Although maternal health comes first, fetal status 
also must be addressed. Adverse fetal and neonatal outcomes 
with AKI are most related to uteroplacental blood flow, 

TABLE 40.7 

Specific Considerations for Dialysis in Pregnancy

PARAMETER PREGNANCY-SPECIFIC CONCERN

Hemodynamics Careful attention to avoiding 
hypotension, fluid fluctuations, and 
volume changes in pregnancy; 
hypertension also should be treated 
if severe. Longer duration and 
higher frequency of dialysis 
recommended.

Blood urea nitrogen Try to maintain lower than 50 mg/dL
Maternal weight Weight gain in pregnancy (baseline 

normal BMI) should be 1–2.5 kg 
total in the first trimester and 
0.3–0.5 kg/wk in the second and 
third trimesters

Serum bicarbonate 
levels

Remember physiologic metabolic 
acidosis (compensatory for 
respiratory alkalosis) in pregnancy; 
bicarbonate normally is decreased 
4–5 mEq/L

Contractions Scrutinize closely for preterm 
contractions and preterm labor 
associated with dialysis

Vitamin and folate 
supplementation

Required in pregnancy and removed 
by dialysis; need to increase 
supplementation

Anemia/
erythropoietin 
levels

If exogenous erythropoietin is 
needed, therapeutic dosing 
generally is higher in pregnancy

Serum calcium 
levels

Avoid hypercalcemia; calciferol 
doses often must be reduced

BMI, Body mass index.
Data from references Davison JM. Dialysis, transplantation, and 
pregnancy. Am J Kidney Dis. 1991;17:127–132; Hladunewich MA, Hou S, 
Odutayo A, et al. Intensive hemodialysis associates with improved 
pregnancy outcomes: A Canadian and United States cohort comparison.  
J Am Soc Nephrol. 2014;25:1103-1109.



delivery for treatment from those that would not 
be altered by delivery. This distinction allows  
for minimization of iatrogenic prematurity and  
its associated complications. In making this dis-
tinction, prudent use of renal biopsy may be 
indicated.

6. When indicated, renal replacement therapy can 
be administered to pregnant women, and care 
should be taken to minimize hemodynamic and 
solute fluctuations. Frequent or continuous therapy 
may be helpful in these patients.

7. A multidisciplinary team approach is imperative 
for optimal management of the pregnant woman 
with acute renal failure.
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and careful attention to the balance between the needs of 
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Key Points

1. Although the incidence of pregnancy-related acute 
kidney injury declined in the developed world 
between 1950 and 2000, rates have increased in 
the past decade. Furthermore, mortality and the 
risk of long-term renal failure remain significant 
in such cases.

2. An approach to the management of pregnancy-
related acute kidney injury must be informed by 
a thorough understanding of maternal renal adapta-
tions to pregnancy, including alterations in renal 
hemodynamics and substrate handling.

3. Management strategies should incorporate an 
understanding of fetal considerations, including 
the importance of maintaining uteroplacental blood 
flow and interventions that may ameliorate the 
effects of prematurity.

4. In addition to causes of acute renal failure that 
may occur coincident with pregnancy, several 
disease processes unique to pregnancy should be 
considered in the pregnant patient. The most 
common of these is preeclampsia.

5. The determination of the specific cause of 
pregnancy-related acute renal failure can allow 
for the differentiation of conditions that require 
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