The Kidney in Pregnancy

Claudia Peano and Susan Hou

Anatomic Changesin the
Kidney during Pregnancy

Anatomical changes occur in the kidney
during pregnancy. Renal length is increased
by 1to1.5cm[1]. A physiologic dilatation of
the ureters gives rise to hydronephrosis, with
urinary stasis of up to 300 cc in the ureters, a
change which predisposes to urinary tract in-
fection (UTI) [2]. The ureteral dilatation oc-
cursasearly as12 weeksgestationinresponse
to increased estrogen and progesterone as
well as increased prostaglandin Ez (PGE),
which decreases ureteral peristalsis. Dilata-
tionislater aggravated by the expansion of the
uterus, and hydronephrosis may becomemore
marked. The role of obstruction has been
raised by the observation that dilatation is
more marked after 4 months gestation and at
distances greater than 5 — 10 cm above the
ureterovesicular junction. The obstructive
component of ureteral dilatationisaggravated
by upright posture. By the third trimester,
hydronephrosis graded as severe on ultra-
sound may be seen in normal pregnancy [3].
The increase in rena size usualy reverses
during the first week postpartum, but hy-
dronephrosis may persist for 12 weeks post-
partum. Stasis of urine in the dilated collect-
ing system makestimed urine collections dif-
ficult, and it is important to verify the ade-
quacy of collection by measuring total creat-

inine production. Establishing abrisk diuresis
before starting a timed urine collection will
minimize the likelihood of inaccuracy result-
ing from urine stasis. Methods of measuring
glomerular filtration rate (GFR) that rely on
radioisotopes such as iothalamate cannot be
used in pregnancy.

Changesin Renal
Physiology during Normal
Pregnancy

Dramatic changes in renal function occur
during pregnancy (Table 1). Rena plasma
flow increases to 50 — 70% above normal
during the first two trimesters and remains
40% above normal in the third trimester [4].
Anincreasein GFR beginsby thefourth week
of gestation, peaks at 150% of normal at 13
weeks, and continuesalmost until term. There
isdilatation of both afferent and efferent arte-
rioles, and increased renal blood flow is the
major determinant of GFR. There is little
pressure change across the glomerular base-
ment membrane (GBM) [5]. Mean blood urea
nitrogen (BUN) is 9 mg/dL and mean serum
creatinine is 0.5 mg/dL. Despite an average
decrease in serum albumin of 1.5 gm/dL
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Table 1. Renal Changes in Normal Pregnancy

Anatomic
1 cm A inlength
Dilatation of the collecting system

Physiologic
50% 1 in GFR: normal
BUN 9 mg/dL, creatinine 0.5mg/dL
Respiratory alkalosis: normal PCO2 27 — 32
mm Hg, HCO'3 18 — 21 mEq/L
Decreased serum osmolality:
normal 276 — 278 mOsm/L
Doubling of uric acid clearance: normal
3 -4 mg/dL
J Tubular reabsorption of glucose
40% 1 in renal blood flow
Decreased afferent and efferent arteriolar
resistance
Decreased BP: normal < 125/75 mm Hg
2nd trimester, < 125/85 mm Hg 3rd trimester
M Renin (8x), angiotensin (4x), aldosterone
(10 — 20x)
N Prostacyclin and thromboxane

(from 4.7 to 3.2 g/dL), a significant decrease
in the oncotic gradient across the glomerular
basement membrane has not been found in
animal models.

Tubular function aso changes. The
threshold for reabsorption of glucose in-
creases, and glycosuria may occur without
hyperglycemia [4]. Amino acid excretion is
increased.

Uric acid clearance is increased in preg-
nancy from 6 —12 mL/min to 12 — 20 mL/m-
inute[6]. Increased glomerular filtrationisthe
primary cause of increased uric acid clear-
ance, but a role for decreased tubular reab-
sorption is suggested by an increase in the
ratio of urate to inulin clearance. Normal uric
acid in pregnancy is 3 — 4 mg/dL, and an
increase in serum uric acid isasensitive indi-
cator of preeclampsia.

2

Salt and Water

Pregnancy is accompanied by retention of
900 mEq of sodium and 6 — 8 liters of water,
of which4—6 L isinthematernal intravascu-
lar and interstitial space. Plasma aldosterone
begins to increase early in the first trimester
and reaches 5 fold elevation by 16 weeks
gestation and a 7-10 fold elevation by term.
Early inthethird trimester, serum aldosterone
levels are 7-10 times greater than in the non-
pregnant state, with greater elevationsin uri-
nary adosterone [7]. Plasma renin activity
(PRA) increases4 fold early in pregnancy and
then plateaus. Angiotensin Il (Ang I1) levels
double early in pregnancy and rise to 34
times normal by term. Despite increased se-
rum levels, pregnant women retain sodium
and shut off aldosterone secretion in response
to exogenous mineralocorticoid administra-
tion.

Osmolality

The osmostat is reset such that thirst is
experienced at a level 10 mOsm below the
nonpregnant normal, and serum sodium is
about 5 mEg/L below nonpregnant normal.
The set point for ADH release is decreased
from a serum osmolality of 285 to 276 —
278 mOsm/L. While ADH is released at a
lower serum osmolality, the rate of metabolic
breakdown of ADH is increased because of
vasopressinase produced in the placenta [8].
A short-lived diabetes insipidus (DI) secon-
dary to excessive placental vasopressinase
may occur in the third trimester. The syn-
dromeisclassified asneither central nor neph-
rogenic. It does not respond to ADH but does
respond to synthetic desmopressin (DDAV P),
which is not broken down by the enzyme[9].
Women with mild central DI suffer aworsen-
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ing of their disease during pregnancy because
they cannot increase vasopressin production.

Acid-base M etabolism

Pregnancy isaccompanied by achronicres-
piratory alkalosis caused by increased venti-
lation in response to progesterone [10]. Nor-
mal partia pressure of CO2 (Pcop) is 27 — 32
mm Hg, and norma serum bicarbonate is
18 — 21 mEg/L. Theurineisusually akaline.
Changes in acid-base status should be kept in
mind when evauating maternal conditions
associated with an increase in serum bicar-
bonate, such as vomiting and diuretic use.
Increasesin serum bicarbonate to the high 20s
or low 30s may reflect critical alkalemia.

Hemodynamic Changes

Diastolic blood pressure decreases by 7 —
10 mm Hg during the first trimester and re-
turns to prepregnancy levels in the third tri-
mester. Changesin systolic blood pressureare
less marked because the increase in cardiac
output that occursin normal pregnancy offsets
thevasodilatation. The drop in blood pressure
in normal pregnancy occurs despite sodium
retention and increased levels of renin,
angiotensin, and aldosterone. There is resis-
tanceto the hypertensive effects of both endo-
genously- and exogenously-administered
angiotensin. The resistance has been attrib-
uted to production of prostacyclin by placen-
tal endothelia cellsaswell as other vasodila-
tors, the relative importance of which is an
area of intense study.

Hypertensive Disorders of
Pregnancy

Hypertension complicates about 2 — 10% of
pregnancies in the United States and is the
most important cause of maternal morbidity
[11]. In apreviously normotensive woman, a
rise in systolic blood pressure of 30 mm Hg
or arisein diastolic blood pressure of 15 mm
Hg on 2 measurements taken 6 hours apart is
considered hypertension. Womenwithamean
arterial pressure > 90 mm Hg in the second
trimester have an increased frequency of still-
birth and neonatal death [12].

Classification

Most centers in the United States use the
classification for hypertension in pregnancy
proposed by the American College of Obste-
tricians and Gynecologistsin 1972 [11]. This
classification divides the hypertensive disor-
ders of pregnancy into preeclampsia, chronic
hypertension, chronic hypertension with su-
perimposed preeclampsia, and gestational hy-
pertension. The latter is a retrospective diag-
nosis. Hypertension occurs late in pregnancy
without proteinuria and resolves postpartum.
It may recur in subsequent pregnanciesand is
predictive of hypertension in later life.

Preeclampsia
Clinical Presentation

Preeclampsia is characterized by the triad
of edema, hypertension, and proteinuria oc-
curring after 20 weeks gestation. Risk factors
for preeclampsia are listed in Table 2. Pre-
eclampsia and eclampsia may develop post-
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Table 2. Risk Factors for Preeclampsia

— Primigravida

— Different father in pregnancy for multigravida
— Diabetes

— Preexisting hypertension

— Renal disease

— Twin gestation

— Hydatidiform mole

— Fetal hydrops

— Family history

partum, with 20% of the severe form of pre-
eclampsia referred to as HELLP syndrome
(seebelow) [13] and 4 — 10% of seizures[14]
occurring postpartum.

Although the development of edemais part
of the classic description of preeclampsia,
clinically it canbedifficulttointerpret. Eighty
percent of pregnant women develop edema
during pregnancy, and, paradoxically, edema
may be absent in some women with severe
preeclampsia. Nonetheless, the first manifes-
tation of preeclampsiais often arapid weight
gain that may precede the development of
hypertension and proteinuria. The latter con-
ditions usualy appear after weight gain, and
preeclampsia is unlikely in their absence.
Symptoms of severe preeclampsia include
headache, visual disturbances, and right upper
quadrant pain. Objective observation of blood
pressure or proteinuriais moreimportant than
subjective symptoms in making the diagnosis
of preeclampsia because 59% of women who
progress to eclampsia have no premonitory
symptoms[15].

Severe preeclampsia is a multisystem dis-
ease (Table 3). The most common abnormali-
ties are microangiopathic hemolytic anemia,
elevated liver enzymes, and low platelets, giv-
ing rise to the acronym HELLP.

4

Table 3. Signs and Symptoms of Severe Pre-
eclampsia

— Thrombocytopenia

— Microangiopathic hemolytic anemia
— Elevated transaminases

— Disseminated intravascular coagulation (DIC)
— Congestive heart failure (CHF)

— Retinal detachment

— Ascites

— Seizures

— Cortical blindness

— Acute renal failure (ARF)

— Hepatic rupture

Hemolytic anemia is characterized by
schistocytes on peripheral smear. The magni-
tude of hemolysismay be masked by intravas-
cular volume contraction, which leads to a
hematocrit higher than it otherwise would be.
The platelet count may drop below 20,000
plateletsymm?® as aresult of platelet activation
and consumption. There is consumption of
clotting factorseven in the absence of changes
in prothrombin time (PT) and partia throm-
boplastin time (PTT). In approximately 20%
of instances, frank disseminated intravascul ar
coagulation (DIC) is seen [13]. There is an
association of abruptio placentae with the de-
velopment of DIC.

The liver disease of preeclampsia presents
with right upper quadrant pain and elevated
bilirubin and transaminases. Preeclampsiais
one of a handful of conditions that can result
in transaminase levels> 1000 U/L . Pathology
ischaracterized by periportal hemorrhageand
deposition of fibrin and fibrinogen in the
sinusoids. The most severe manifestation is
hepatic rupture, which may result inexsangui-
nation.

GFRisgeneraly decreasedin preeclampsia
but may remain within the nonpregnant nor-
mal range. Severe preeclampsiamay giverise
toacuterenal failure (ARF) with acutetubular
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necrosis (ATN) and, rarely, cortical necrosis
(see section below on acute renal failure).

Loss of vision has been described in pre-
eclampsia. There are rare reports of retinal
detachment [13]. A second uncommon cause
of blindnessisoccipital ischemia, which gives
rise to low-density areas on computed to-
mography (CT) scan and hyperintenselesions
on magnetic resonance imaging (MRI) [16].
This occipital blindness is generaly revers-
ible.

Ascites occurs in as many as 10% of pa
tients with HELLP syndrome and is associ-
ated with a26% incidence of congestive heart
failure (CHF) [17]. Although pulmonary
edema may occur in severe preeclampsia, in-
formation about hemodynamic changes in
preeclampsiaisconflicting. Thereisamarked
increase in periphera resistance and a de-
crease in intravascular volume, despite so-
dium retention. Measurements of pulmonary
capillary wedge pressure prior to treatment
tend to be low normal but are increased in
patients with CHF.

The risk of eclampsiain women with pre-
eclampsia depends in great part on prenatal
care and management once preeclampsia is
present. Eclampsiaoccursin < 1% of patients
with preeclampsiain some large centers with
extensive experience in managing such pa
tients [18]. Severe preeclampsia has been de-
fined by a blood pressure > 160/110, heavy
proteinuria, or neurological symptoms, but
making the distinction isfraught with hazard.
While any one of the manifestations listed
aboveisassociated with ahigh risk of eclamp-
Sia, seizures may occur even without prote-
inuria and when the blood pressure is only
mildly elevated or not elevated at all. Douglas
and Redman reported on every instance of
eclampsiaoccurring in Englandin 1992. Nine
percent had neither proteinuria nor elevated
blood pressure before seizure. Eighty-five
percent of seizures occurred within 1 week of

aprenata visit, and only 26% were judged to
have had substandard prenatal care. These
data suggest that eclampsia cannot be antici-
pated in some instances. They also suggest
that the distinction frequently made between
mild and severe preeclampsia may lead to a
falsesense of security and decreased vigilance
in caring for women thought to have mild
preeclampsia.

Pathology

Thecharacteristic pathol ogic changesinthe
kidney of women with preeclampsia include
swelling of the endothelial cells (glomerular
endotheliosis), ballooning of capillary loops
into the tubule, fibrinogen and lipid in endo-
thelial cells, and occasional foam cells.
Rarely, changes similar to focal sclerosis oc-
cur, with reversal postpartum. Ischemic
changes are less marked than in other organs.
The renal pathologic changes resolve 2 — 4
weeks postpartum [19].

Pathophysiology

Preeclampsiais an endothelial cell disorder
that may develop in response to placental
ischemia resulting from an inadequate tro-
phoblastic migration into the uterine spiral
arteries [20]. In normal pregnancy at 16
weeks, the spira arteries in the uterus lose
their muscul oel astic tissue and widen to allow
an increase in uterine blood flow. In pre-
eclampsia, thisloss of musculoskeletal tissue
may not occur and there may be necrosis,
which givesthe spiral arteries the appearance
of acute atherosclerosis. Endothelial cell dys-
function leads to increased production of
vasoconstrictors and activation of the clotting
system. There is increased vascular perme-
ahility.
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Much of the study of preeclampsiahas cen-
tered on the pathophysiol ogy of vasoconstric-
tion. The study of the vasoactive substancesis
confounded by the difficulty of interpreting
the effect of changesin the systemic levels of
substancesthat havetheir greatest effect at the
site of production. During normal pregnancy,
production of both vasodilator (prostacyclin)
and vasoconstrictor (thromboxane) by endo-
thelia cells is increased, and the balance fa-
vors the effects of prostacyclin [21]. In pree-
clampsia, the ratio of thromboxane and pro-
stacyclin production changes, with decreased
prostacyclin production and increased throm-
boxane production, resulting in the predomi-
nance of thromboxane effect with diffuse
vasoconstriction [21]. Resistance to the pres-
sor effectsof angiotensin decreases. Innormal
pregnancy, endothelin (ET) production by en-
dothelial cells is decreased. Serum levelsin-
crease in women with preeclampsia, and be-
cause ET is a vasocongtrictor and facilitates
platelet aggregation, the possibility that it
playsarolein the pathogenesis of preeclamp-
siahasbeenraised [22]. Itisnot clear whether
increased ET production is a cause or effect
of endothelial cell damage.

Decreased endothelial cell production of
nitric oxide (NO) has also been suggested as
playing a role in the development of pree-
clampsia. In anima models, blockade of NO
production can produce asyndromesimilar to
preeclampsia [23]. However, serum from
preeclamptic women does not change NO
production by endothelial cellsinvitro. Much
of the end-organ disease seen in preeclampsia
can be attributed to hypoperfusion resulting
from vasoconstriction. Activation of platelets
and the intrinsic coagulation pathway aso
plays arole, producing fibrin deposition and
hemorrhage in the liver and generalized
bleeding. The pathophysiology of seizuresin
this disorder is not known. Neurologic mani-
festations of preeclampsia may be from a

6

combination of mechanisms, including hy-
poperfusion, bleeding, and cerebra edema.
The decreased GFR appears to be caused by
acombination of hypoperfusion and capillary
occlusion by swollen endothelial cells.

Prevention of Preeclampsia

Numerous attempts have been made to de-
velop atest whichwill identify women at high
risk for the development of preeclampsia. All
have been either too invasive for practical use
or simply inaccurate. Two interventions have
been extensively investigated to determine
whether they prevent preeclampsia: low-dose
aspirin and calcium supplementation. Despite
initial promise, the effects of these two treat-
ments have been disappointing in large trials.

Aspirin Prophylaxis of Preeclampsia

The discovery of the changes in prostacy-
clin and thromboxane ratios in preeclamptic
pregnancies led to efforts to prevent pre-
eclampsiain high-risk women by giving low-
dose aspirin. Several small studies demon-
strated the usefulness of low-dose aspirin in
preventing preeclampsiain women identified
asbeing at highrisk [24 —26]. A placebo-con-
trolled study of 3135 healthy nulliparasfound
arate of preeclampsia of 4.6% in the aspirin-
treated group and 6.3% in the untreated group
(p=.05) [27] The Low Dose Aspirin Study in
Pregnancy [28] is the largest study of the
efficacy of low-dose aspirin in the prevention
of preeclampsia. Women (n=9364) at risk for
preeclampsia or intrauterine growth retarda-
tion (IUGR) were randomized to either low-
dose aspirin (60 mg/day) or placebo. This
study showed a12% lower frequency of pree-
clampsiain the aspirin-treated group, adiffer-
ence which was not statistically significant.
Aspirin administration was associated with a
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significant decrease in preterm delivery
(19.7% vs. 22.2% for control.) Although the
difference in the frequency of preeclampsia
was not different for the two groups as a
whole, aspirin did reduce the frequency of
very early preeclampsia in which the risk of
delivery to the fetus is greatest. In both these
studies, the effectiveness of aspirin may have
been diluted by the inclusion of low-risk
women. Three other recent randomized, dou-
ble-blind, placebo-controlled trials including
over 11,000 high-risk women [29 — 31] have
not found an effect, even in the subset of
women with severe, early-onset preeclamp-
sia. When the data in 2 of these studies were
analyzed taking compliance into account, as-
pirin still had the effect of reducing pree-
clampsia[32].

The 1993 study found a slight increase in
the frequency of abruptio placentae in the
aspirin-treated group. The Collaborative Low
Dose Aspirin Study in Pregnancy (CLASP)
found that the use of low-dose aspirinin preg-
nancy carries a very low risk of dangerous
bleeding, although there was adlight increase
inthe number of women requiring peripartum
transfusions.

Even with the limitations of these studies
and the suggested benefit of aspirin in some
of the subanalyses, any dramatic benefit from
aspirin should have been apparent in studies
including >20,000 women. However, women
with preexisting rena disease are among
those at highest risk for preeclampsia, and the
safety of aspirin in these large trias allows
defending its use in this subgroup while
awaiting the results of subanalyses.

Calcium Supplementation

The results of a prospective, randomized
study involving 1194 nulliparous women
were reported in 1991. A group receiving 2 ¢
of elemental calcium was found to have a

frequency of preeclampsia of 9.8% compared
to 14.8% in a placebo-control group [33]. No
effect on IUGR or perinatal death was noted.
The findings were supported by several other
small studies.

The US Nationa Institute of Heath and
Human Development has recently completed
aprospective, randomized, double-blind, pla-
cebo-controlled study that found no differ-
enceinthefrequency of preeclampsiain 2295
women taking 2 g of calcium daily and 2294
women taking placebo [34]. Nonetheless,
pregnant women should routinely receive cal-
cium supplements for bone protection and for
calcification of the fetal skeleton.

Treatment of Preeclampsia

Thedefinitivetreatment for preeclampsiais
delivery of the baby (see Table 4). The mani-
festations of preeclampsia must be managed
until delivery can be effected, or when pree-
clampsiaoccursvery early in gestation and is
mild enough to warrant an attempt to prolong
the pregnancy.

A woman with suspected preeclampsia
should be hospitalized because of the diffi-
culty in predicting seizures. A number of pro-

Table 4. Treatment of Preeclampsia

— Admit to hospital
— Anticonvulsants: magnesium sulfate
— Antihypertensive drugs: hydralazine,
labetolol
— Indications for delivery
> 36 weeks gestation
BP > 160/110 after 24 hours of hospitalization
HELLP syndrome
> 3 g of protein in 24 hours
Rising serum creatinine
Headache, blurred vision, scotomata, right up-
per quadrant pain, clonus
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tocols have been developed for intensive
home monitoring of women with mild pree-
clampsiaafter initial hospitaization. The bur-
den of proof of their safety in comparison to
hospitalization rests with their advocates.

There is no reason to delay delivery if the
pregnancy has reached 36 weeks gestation.
Other indications for delivery include any
manifestation of the HELLP syndrome,
neurologic symptoms, rising serum creat-
inine, a blood pressure > 160/110 after 24
hours of hospitalization, and impending or
actual seizures. Attempts have been made to
manage severe preeclampsia at < 28 weeks
gestation [35] and even to prolong pregnancy
following a seizure, but we consider this ap-
proach too dangerous for general use.

Seizure prophylaxis is required while
preparations for delivery are made. There has
been a long-standing transatlantic difference
inthe approach to seizure prevention. Magne-
sium sulfate has been widely used in the
United States, while European centers have
favored other anticonvulsants, such as pheny-
toin and benzodiazepines. Magnesium sulfate
appears to be preferable, based on a large,
prospective, randomized study [18] in 1089
preeclamptic women assigned to treatment
with phenytoin and 1049 assigned to treat-
ment with magnesium sulfate. There were 10
instances of eclampsia in the phenytoin-
treated group, but none in the magnesium-
treated women. Magnesium sulfate was also
more effective than phenytoin and diazepam
for prevention of recurrent seizures in 1687
women who had had eclampsia [36]. The
mechansim of action of magnesium sulfate
has been attributed to its direct vasodilator
effect and a possible effect in increasing pro-
stacyclin production. It should be remem-
bered, however, that magnesium sulfate is
excreted by the kidneys, and oliguric women
or women with preexisting renal insufficiency
should be monitored carefully and treated

8

with lower doses. Magnesium is a calcium
channel blocker anditsusewith other calcium
channel blockers may result in profound hy-
potension.

The combination of sodium retention and
intravascular volume contraction have led to
treatment of preeclampsiawith both diuretics
and with volume expansion. Both approaches
are misguided. Diuretics aggravate hypoper-
fusion of vital organs and should be reserved
for women with congestive heart failure. Vol-
ume expansion increases the risk of pulmo-
nary edema. Hemodynamic monitoring by
Swan-Ganz catheter is advised before using
either of these interventions.

Treatment of hypertension does not reverse
preeclampsia, and may even disguiseprogres-
sion, but isrequired to prevent the most severe
complications of preeclampsia, including
cerebral hemorrhage. Treatment is usualy
started when the diastolic blood pressure is
105 mm Hg but should beinstituted earlier in
women with very low blood pressuresearly in
pregnancy. The drugs used to treat hyperten-
siveemergenciesin pregnanciesare discussed
below. The goal of blood pressure reduction
isadiastolic blood pressure of 90—100 mm Hg.

Chronic Hypertension

Essential hypertension more often affects
mothers in the later childbearing years. With
the growing number of late pregnancies and
even postmenopausal pregnancies, theimpor-
tance of this problem can be expected to in-
crease.

Almost half of the women with essentia
hypertension haveafall inblood pressureinto



9 Peano and Hou - The Kidney in Pregnancy

the normal range during the second trimester
with areturn to baseline elevated levelsin the
third trimester. This drop makesiit difficult to
determine whether awoman seen for thefirst
time in the second trimester with normal
blood pressure has essential hypertension or
preeclampsiawhen the blood pressurerisesin
the third trimester.

Women with chronic hypertension have an
increased risk of preeclampsia, perinatal mor-
tality, small for gestational age (SGA) babies,
premature delivery, and, in some series, ges-
tational diabetes[37].

Women with severe essential hypertension
(BP > 170/110) are at the greatest risk for
preeclampsia and are also at risk for cerebral
hemorrhage and abruptio placentae. The fre-
quency of superimposed preeclampsiain this
group is high: 52% in one group of 44 such
women [38]. Theperinatal mortality was 25%
in the latter report. Seventy percent of infants
were prematureand 43% were SGA. Maternal
complicationsincluded oneinstance of abrup-
tio placentae, deterioration of renal function
in 20 (permanent), and one episode of hyper-
tensive encephal opathy. The frequency of su-
perimposed preeclampsia in women with
mild hypertension rangesfrom approximately
5.2 —18.4%. Maternal and fetal morbidity are
increased even with mild hypertension, but
the efficacy of pharmacologic treatment in
preventing complicationsinwomenwithmild
hypertension and the level of blood pressure
at which treatment should be instituted are a
matter of debate. Thereisconflicting evidence
whether treatment of mild hypertension pre-
ventsworsening of hypertension later in preg-
nancy and whether treatment lowers perinatal
mortality [39 — 43]. We take the position that
safe medications are available for the treat-
ment of hypertension during pregnancy, and
treatment should begin at a blood pressure >
140/90.

Antihypertensive M edications

The effects of various antihypertensive
medicationsin pregnancy arereviewed in Ta-
ble 5. The Food and Drug Administration
(FDA\) designation (see appendix for explana-
tion) isincluded, but does not adequately re-
flect the risks and safety of the various drugs.

Angiotensin Converting Enzyme
(ACE) Inhibitors

ACE inhibitors are contraindicated in preg-
nancy. Animal studies reported a high fre-
quency of stillbirths in animals exposed to
ACE inhibitors during pregnancy, resulting in
arecommendation against their usein human
pregnancy by a committee of the National
Institutes of Health [44]. Exposure to ACE
inhibitorsin the second and third trimester has
been associated with renal tubular dysplasia,
hypocalvaria, hypoplasticlungsand limb con-
tractures [45]. Rena tubular dysplasia has
been attributed to fetal hypotension and de-
creased rena perfusion. ACE inhibitors are
associated with decreased fetal urine output
and oligohydramnios. Amniotic fluid is re-
quired for normal pulmonary development,
and oligohydramnios is responsible for the
instances of hypoplastic lungs. Many of the
neonatal deaths in infants exposed to ACE
inhibitors are the result of respiratory failure.
Oligohydramnios also accounts for limb con-
tractures. Direct pressure of the uterine mus-
cle on the fetal skull is thought to result in
abnormal calcification of the skull. Severa
instances of patent ductus arteriosus have
been described. Thiseffect isthought to bethe
result of the effects of ACE inhibitors on
prostaglandin metabolism.

Two studies, involving 46 and 86 infants,
respectively, showed no adverse effect of ex-
posureto ACE inhibitorsin thefirst trimester
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Table 5. Antihypertensive Drugs in Pregnancy

Chronic hypertension

Drug (Category) Comments

ACE inhibitors(D)

Contraindicated. 2nd and 3rd trimester use associated with pulmonary hypoplasia,

hypocalvaria, renal dysplasia, neonatal anuria, contractures. No known harm in

1st trimester.
Methyldopa (C)
Beta Blockers (C)

Labetolol (C)

[ blockers.
Clonidine (C)
Calcium channel
blockers (C)

for severe hypertension.
Hydralazine (C)
Minoxidil (C)
Prazocin (C)
Thiazide diuretics (D)

Safe. 40-year use. Careful developmental testing of children at ages 4 and 7.
Probably safe. Fetal bradycardia, hypoglycmia, respiratory depression at birth,
intrauterine growth restriction

Limited first trimester experience. Less bradycardia and growth restriction than

Probably safe. Limited 1st trimester exposure.

Profound hypotension with when used magnesium. Limited experience. Reserve
Safe. Long experience with use in pregnancy. No increase in birth defects.

Very limited experience. Hypertrichosis in the infant.

Limited experience. No problems noted.
Increased congenital anomalies with chlorthaldone. Decreased intravascular

volume expansion,neonatal thrombocytopenia, hemolytic anemia,

electrolyte abnormalities

Hypertensive crisis

Hydralazine (C)
Labetolol (C)
Nitroprusside (C)
Diazoxide (C)

Fetal cyanide toxicity

Used for 40 years without serious side effects
Shorter length of use. Appears safe.

Fatal maternal hypotension reported. Limit dose to 30 mg boluses. Decreased

uterine contraction. Neonatal hyperglycemia.

[46]. Inthelatter report, therewere 4 congeni-
tal anomalies, a number not significantly dif-
ferent from the 3 expected [46]. However, our
understanding of the role of the renin-
angiotensin system in early rena develop-
ment is incomplete, and an as-yet unrecog-
nized adverse effect of ACE inhibitorson this
process is possible. The absence of demon-
strated ill effects of ACE inhibitors following
first trimester exposureis of considerableim-
portance. Women with inadvertent first tri-
mester exposure need not be advised to termi-
nate the pregnancy. A moreimportant issueis
whether women with nephropathy taking
ACE inhibitors for their renoprotective effect

10

need to discontinuethem in planning for preg-
nancy if there is some assurance that preg-
nancy can be diagnosed promptly and the
drug stopped at that point. For women with
normal renal function where conception can
be expected to occur within a year, stopping
ACE inhibitorsin planning pregnancy iswar-
ranted. However, for women with moderately
impaired renal function who may not con-
ceive for years, discontinuation of ACE in-
hibitors may not be necessary.

There isless experience with Ang Il recep-
tor blockers, but it is expected that problems
caused by decreased angiotensin effect will be
similar.
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Diuretics

The obstetric community is strongly averse
to using diuretics during pregnancy. At one
point, diuretics were widely used in the hope
that by reducing edema and hypertension
might prevent preeclampsia. These drugs did
not prove to be effective for this purpose, and
they aggravated the decreased intravascular
perfusion seen with preeclampsia, possibly
contributing to organ hypoperfusion[47]. The
failure of diuretics to prevent preeclampsia
now discounts the observation that their use
in women with edema was rarely associated
with adverse effects. A report documenting a
subnormal expansion of intravascular volume
in women with essential hypertension treated
with diuretics did not show increased peri-
natal mortality [48]. For essential hyperten-
sion, other drugs are preferred, but diuretics
may be useful in hypertension associated with
renal insufficiency and salt-sensitive hyper-
tension. There are some reports of neonatal
thrombocytopenia, hemolytic anemia, jaun-
dice, and electrolyte abnormalitieswith thiaz-
ides, but most of the concern about their use
centers on their effects on intravascular vol-
ume [49, 50].

Beta Blockers

There have been several case reports of
neonatal bradycardia, hypoglycemia and res-
piratory depression associated with beta
blockers, but these problems are generaly
easily managed by the neonatologist [51].
Data are mixed concerning whether beta
blockers are associated with [UGR and there
are reports of SGA infants born to mothers
treated with beta blockers for diseases not
usually associated with growth restriction
[52]. There are d so data from animal models

suggesting a decreased ability of the fetus to
withstand anoxic stress [53]. None of these
problems has turned out to be amajor contra-
indication to the use of this category of drugs.
Fetal bradycardia may make it difficult to
interpret antenatal monitoring, which de-
pends on changes in fetal heart rate.

Labetolol

L abetolol isnot associated with fetal brady-
cardia and IUGR and it is widely used in
preferenceto betablockers. Nonethel ess, data
on first trimester effects of the drug are still
limited. Moreover, controlled studieshave not
shown it to be superior to other antihyperten-
sive agents [41, 46, 54].

Methyldopa

Methyldopa has been used in pregnant
women for over 40 years and is still the drug
of choice for essential hypertension. Careful
developmental studieshave been donein chil-
dren at 4 and 7 years of age exposed to the
drug in utero, and no problems have been
found [55]. One study of 242 women with
diastolic blood pressures of 90 — 110 mm Hg
randomized to treatment with methyldopa
versus placebo showed decreased fetal ossin
the methyldopa-treated group [56].

Clonidine

Clonidine is a centrally acting a2-agonist
reported in one study to have efficacy and
safety similar to methyldopa [57]. In view of
the limited experience with it, there is no
reason to useit in preference to methyldopa.
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Calcium Channel Blockers

Nifedipine, nicardipine, and verapamil
have been used in severe hypertension. They
do not appear to be associated with any in-
crease in congenital anomalies when used in
thefirst trimester. These drugs have been used
for tocolysis in the third trimester. There is
limited experience with diltiazem. Calcium
channel blockers may potentiate the hypoten-
sive effects and neuromuscular blockade of
magnesium, and the interaction should be
kept in mind when the drugs are used in
women at risk for preeclampsia[58, 59]. Be-
cause of limited experience, their use is best
restricted to severe hypertension unrespon-
siveto other drugs.

Prazocin

No adverse effects on the fetus have been
demonstrated with prazocin drugs, but the
experience with it is more limited than with
labetolol, methyldopa, and (3 blockers, and it
does not appear to offer any advantage. The
drug can be continued in women whose blood
pressureiswell controlled on it at the time of
conception.

Hydralazine

Hydralazine has been used safely during
pregnancy for 40 years. It is ineffective as a
single oral agent but can be added to a first-
line drug if the latter isineffective aone.

Minoxidil

The more potent vasodilator, minoxidil has
been associated with hypertrichosis and con-
genital anomaliesin one casereport [60]. Itis

12

ineffective unless combined with a diuretic
and a sympatholytic agent.

Drugsfor Hypertensive
Emergencies

Hydralazine

Intravenous hydraazine in doses of 5-10
mg every 20 — 30 minutes is the drug of first
choicefor hypertensive crisisin pregnancy. A
single study has shown a higher frequency of
malignant ventricular arrhythmiasin eclamp-
tic women treated with hydralazine than in
women treated with labetolol [61]. Nine stud-
ies comparing hydralazine with other drugs,
most often intravenous labetolol, have found
no advantage of one drug regimen over an-
other [62].

Labetolol

Intravenous labetolol given either as a 20
mg loading dose followed by 20 — 60 mg
every 30 minutes, or a1 — 2 mg/min drip is
the second most commonly used regimen for
treating hypertensiveemergenciesin pregnant
women. There are occasional reports of fetal
bradycardia, and the newborn should be
monitored for hypotension.

Diazoxide

There is extensive experience with the use
of diazoxidein pregnancy, but thedrugisnow
primarily of historic interest. In doses of 150
— 300 myg, it has been associated with at |east
one maternal fatality from hypotension. It is
also associated with decreased uterine con-
tractionsand neonatal hyperglycemia. Itsonly



9 Peano and Hou - The Kidney in Pregnancy

advantage is along duration of action, which
may make it useful in awoman who must be
transported with minimal monitoring capabil-
ity, or when other drugs have failed. It should
be used only in 30 mg boluses every 1 — 2
minutes until the desired blood pressure is
reached.

Nitroprusside

Nitroprusside carries the risk of fetal cya
nide toxicity, and it should be used with cau-
tion, especially in women with renal insuffi-
ciency.

Nifedipine

Because of its interaction with magnesium
sulfate and the general movement away from
using short-acting nifedipinefor hypertensive
emergenciesin nonpregnant patients, nifedip-
ine should not be used as afirst-line drug in
hypertensive emergencies of pregnancies.

Chronic Hypertension with
Superimposed Preeclampsia

Ten percent of women with mild hyperten-
sion and up to 50% of women with severe
hypertension develop superimposed pre-
eclampsia. The diagnosis depends on an in-
crease in blood pressure over baseline levels
and development of proteinuria. Sincethereis
frequently a modest increase in blood pres-
sure in hypertensive women in the third tri-
mester, proteinuria is more important to the
diagnosis. The absolute level of blood pres-
sureisfrequently higher in these women than
inwomen with isolated preeclampsia. It isthe

group of women with superimposed pree-
clampsia in whom the frequency of abruptio
placentae and cerebral hemorrhage is in-
creased.

Secondary Hypertension in
Pregnancy

Secondary hypertension in pregnancy is
generally uncommon, but several causes bear
discussion.

Pheochromocytoma

Pheochromocytoma is exceedingly rare,
but is associated with a 50% maternal mortal-
ity rate if it is undiagnosed, and it should be
excluded if the suspicion arises[63]. The ma-
ternal mortality rate is 11%, even if the diag-
nosisis made antepartum. Catecholamines do
not cross the placenta and the fetus is not
exposed to high levels, but there may be pla-
cental hypoperfusion secondary to vasocon-
striction. Hypertension can be precipitated by
labor. Urine and plasma norepinephrine and
epinephrine are unchanged in norma and
preeclamptic pregnancy, and the usua bio-
chemical screening can be used. Surgery is
generaly the treatment of choice after two
weeks of treatment with a blockers. An un-
usual complication of pregnancy is compres-
sion of an extra-adrenal pheochromocytoma
located at the aortic bifurcation in the organ
of Zuckerkandl by the expanding uterus.

Cocaine

Cocaine use is a common cause of secon-
dary hypertension in young women and may
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have a similar clinical presentation to pheo-
chromocytoma. Serum and urine screening
usually makes the diagnosis and a blockers
are required for treatment. Cocaine use is
associated with an increased risk of abruptio
placentae [64].

Hyperaldosteronism

Hyperaldosteronism is uncommon in preg-
nancy. Basal aldosterone levels in pregnancy
are elevated but are suppressible by salt load-
ing and exogenous mineralocorticoid [63].
Plasma renin is usualy but not always, sup-
pressed rather than showing the usual preg-
nancy-associated elevation. Progesterone
counteracts the potassium-wasting effect of
aldosterone, and hypokalemiamay be absent.
Bilateral disease is treated medically. Spiro-
nolactone, used in nonpregnant individuals, is
an antiandrogen and may cause abnormal
genital development in male fetuses. Amilo-
ride can be used in pregnancy to treat primary
hyperal dosteronism.

Renal Artery Stenosis

Renal artery stenosisis uncommon, and its
effect on pregnancy is related to the severity
of the hypertension. Management is compli-
cated by the inability to use ACE inhibitors,
but other medicationsarefrequently effective.
Angioplasty has been successfully carried out
during pregnancy [65].

14

L ong-Term Prognosis of
Hypertensive Disorders

Studies of the long-term effects of hyper-
tensivedisordersof preghancy have been con-
founded by the failure of many reports to
distinguish preeclampsiafrom chronic hyper-
tension. Chesley followed 270 women who
had survived eclampsia in a landmark study
of the long-term consequences of the disease.
Only one-third of the women who had sub-
seguent pregnancies devel oped hypertension.
In a separate study of 354 subsequent preg-
nancies in 151 nulliparous women who sur-
vived eclampsia, severe preeclampsia re-
curred in 5.3% and eclampsiarecurred in 2%
[66]. The risk of recurrence of the HELLP
syndrome is approximately 20% [67].
Chesley followed 197/206 nulliparous
women with eclampsia for an average of 33
range (23 — 42) years, by which time > 81%
of thewomen were older than 50 years of age
[68]. The frequency of hypertension, mortal-
ity (16.6%) and cardiovascular mortality
(4.8%) in white women was similar to the
general population. Mortality in 19 nulli-
parous black women who survived eclampsia
was twice that of white women, but was not
increased compared to the general black
population. The mortality rate for the 59 mul-
tiparous white women was 56%, but 100%
and for the 5 black multiparous women sur-
viving eclampsia. By using eclampsia to de-
finethe group, Chesley excluded women with
simple chronic hypertension, whileincluding
women with preeclampsia superimposed on
chronic hypertension. The conclusion is that
preeclampsia is a predictor of mortality and
cardiovascular disease only when it is super-
imposed on essential hypertension.
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Rendl Infectionsin
Pregnancy

Asymptomatic bacteriuria, defined as> 10°
colony-forming units (CFU) of a single or-
ganism cultured from a clean-catch mid-
stream urine specimen, occurs in 5% to 10%
of pregnancies. While this frequency is no
higher than for normal nonpregnant women,
the consequences are greater, as up to 30% of
pregnant women with asymptomatic bacteri-
uria will go on to develop pyelonephritis if
untreated [69]. In recent years, screening pro-
gramsand treatment of asymptomatic bacteri-
uria have led to a decline in the frequency of
pyelonephritisin pregnant women. In onere-
port, the incidence of pyelonephritis declined
from 1.8% —0.6% of pregnancies[70]. Scree-
ning by urine culture should be done at the
first prenatal visit. Other tests for bacteriuria,
suchasurinedipstick for nitrateand leukocyte
esterase, have not proven to be sensitive
enoughfor usein screening [71], and theurine
sediment may contain an increased number of
white blood cells during pregnancy, even in
the absence of infection.

A positive urine culture should be treated
for 7 — 10 days with antibiotics chosen on the
basis of sensitivity of the organism and safety
in pregnancy. Surveillance cultures should be
done aweek after the completion of treatment
and every 4 — 6 weeks thereafter to monitor
for relapse. A second positive culturewarrants
another course of treatment, and a relapse
within aweek of the initial antibiotic therapy
should be treated with a different drug. For
patients who relapse a second time, the usual
course of antibiotics is followed by suppres-
sive therapy for the rest of the pregnancy.
Women with 2 or more relapses should un-
dergo urologic evaluation when they are 12
weeks postpartum, i.e. after pregnancy-in-

duced changes in the urinary tract have had
sufficient time to revert to normal [69, 72].
Patients who have a negative urine culture at
initial evaluation and no other risk factorsfor
urinary tract infection do not need additional
testing unless symptomatic. In most cases,
asymptomatic bacteriuria represents a preex-
isting condition, because the risk of acquiring
asymptomatic bacteriuria during pregnancy
peaks near term at 2% [73].

The most commonly occurring organisms
in asymptomatic bacteriuria are gram nega-
tive bacteria, with Escherichia coli responsi-
ble for up to 90% of positive cultures, fol-
lowed by the Klebsiella Enterobacter group
(5 — 15%)), Proteus species (1 — 10%), and
gram positives such as coagulase-negative
Staphylococcus (1 —-11%), Sreptococcusfae-
calis (1 — 4%), and group B Streptococcus
(1 —4%). Antibiotics should be chosen care-
fully in pregnancy. Ampicillinissafein preg-
nancy; however, up to 30% of E. coli are
resistant to it [69], and antibiotic sensitivities
are continuously changing. First-generation
cephalosporins, e.g. cefazolin and cefalexin,
are safe in pregnancy. Cephalosporins with a
methyltetrathiazole moiety (cefoperozone,
cefotetan, moxalactam, and cefamandole) are
usually avoided in pregnancy because studies
have shown infertility in animals[74]. Nitro-
furantoin, an antibiotic specific for theurinary
tract, issafein pregnancy and effectiveagainst
themost common causative organisms. It can-
not be usedinwomenwithrenal insufficiency.
It can cause hemolysis in the male fetus of a
woman who carries glucose-6-phosphate de-
hydrogenase (G-6-PD) deficiency, and pa-
tients should be screened for thishistory prior
touse. Sulfadrugs, such as sulfamethoxazole,
can be used in the early part of pregnancy but
should be avoided in the | atter part because of
the risk of kernicterus. Trimethoprim and
trimethoprim-sulfamethoxizole ~ combina-
tions are generally avoided because of the
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New Onset Nephrotic Syndrome in Pregnancy
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Figure 1. New Onset Nephrotic Syndrome in Pregnancy.

teterogenicity of folic acid antagonists. In
practice, significant increases in congenital
anomalies have not been noted with these
drugs. The quinolone antibiotics should be
avoided in pregnancy because they have been
associated with weakened cartilage in young
animals. Aminoglycosides should aso be
avoided because of their association with
eight nerve damage [74].

Pyelonephritis in pregnancy is a severe in-
fection associated with bacteremia, hypoten-
sion, premature labor, and, in 2% of patients
with respiratory failure. Pyelonephritisduring
pregnancy is often associated with a decline
in GFR. In astudy of 220 women hospitalized
for pyelonephritis, Whalley and colleagues
observed that 25% of women had acreatinine
clearance < 80 cc/min[75]. On reevauation 3
— 8 weeks after treatment, 18 women whose
creatinine clearance had falen to < 70

16

mL/min had had a return to normal or near-
normal renal function. Pregnant women with
pyelonephritis should be treated aggressively
with antibiotics and fluid resuscitation. Hos-
pitalization and initiation of intravenous anti-
biotics have been the traditional standard of
care. Relatively stable pregnant patients with
pyelonephritis treated on an outpatient basis
with intramuscular ceftriaxone showed recur-
rence rates similar to those of women treated
withintravenouscefazolin. Antibiotictherapy
should be continued for 2 weeks, and suppres-
sivetherapy may be continued for theremain-
der of the pregnancy. Women who fail to
improve within 3 days of antibiotic therapy
should undergo ultrasound evaluation to rule
out nephrolithiasis. Ultrasound may be diffi-
cult to interpret because of hydronephrosis
and, if suspicion is high, additiona radio-
graphic tests may be needed.
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Nephrolithiasisin
Pregnancy

Several changesin pregnancy might be ex-
pected to lead to increased stone formation.
Urinary stasisin the dilated collecting system
is accompanied by hypercalciuria, increased
supersaturationlevel sof calcium, oxal ate, and
phosphate, and an akaline urine. However,
thereis an increased excretion of magnesium
citrate as well as the glycoprotein nephrocal -
cin, whichinhibit stoneformation[76]. Neph-
rolithiasis is a common cause of abdominal
pain in pregnant women and may be over-
looked when evaluation focuses solely on ob-
stetric problems. The seriousness of infection
associated with stone disease outweighs any
potential adverse fetal effect of radiation re-
quired to diagnose and treat stone disease.
Stones may be difficult to visualize on plain
abdominal films because they may be ob-
scured by thefetal skeleton latein pregnancy,
and ultrasound is difficult to interpret. Intra-
venous pyelography (IVP) or spira CT scan
can be used to diagnose and locate the stone.
Retrograde pyelography for diagnostic pur-
posesor stent placement can be performed but
requires considerable urologic finesse late in
pregnancy. The effects of lithotripsy during
pregnancy are not known, and it should not be
used.

Development of Proteinuria

When proteinuria develops de novo in a
woman receiving regular prenatal care, much
of the diagnostic evaluation has already been
done: glucose tolerance testing, screening for
infectious causes of nephrotic syndrome, e. g.

HIV, hepatitis B and C, and syphilis, and a
history of prescription, over-the-counter and
illicit drug use. The remaining crucial issues
that need to be addressed are presented in
Figure 1.

Diagnosis of Preeclampsia

Preeclampsiais the most common cause of
proteinuria in pregnant women, and most
women are presumed to have preeclampsia
unless there is some atypical feature that
pointsto another renal disease. Thelikelihood
of another renal disease is very high if the
onset of proteinuria occurs before 20 weeks
gestation, if there is no hypertension, if there
is an active urine sediment, or if serum com-
plements are depressed. Only 25% of multi-
gravidaswith proteinuriahave uncomplicated
preeclampsia [77], but previous pregnancy is
not as strong an indicator of other renal dis-
ease as are the other factors mentioned pre-
viously.

When to Biopsy for Proteinuria

Diagnosis of Systemic Lupus
Erythematosis (SLE)

SLE is the other most important cause of
proteinuria which presents more frequently
during pregnancy. Usually SLE can be distin-
guished from preeclampsia by an active urine
sediment or positive lupus serologies. Both
SLE and preeclampsia can be multisystem
diseases, and there is some overlap in their
extrarenal manifestations. Thrombocytopenia
and hemolytic anemia are common manifes-
tations of both. In preeclampsia, hemolytic
anemiadis distinguished by microangiopathic
changes on peripheral smear. Both SLE and
preeclampsia may be characterized by hyper-
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tension, rapidly progressive renal failure, and
seizures. The pulmonary hemorrhage of SLE
may appear similar on chest X-ray to pulmo-
nary edema in preeclampsia. However, peri-
carditis, joint pain, and skin rash are not char-
acteristic of preeclampsia, and markedly ele-
vated transaminases are not common in SLE.
If thrombocytopenia occurs before hyperten-
sion and proteinuria, the possibility of SLE
arises. When the diagnosis of SLE ismade or
strongly suspected during pregnancy, a renal
biopsy iswarranted. SLE that developsduring
pregnancy frequently hasthe histology of dif-
fuseproliferative glomerulonephritisand may
require the prompt initiation of aggressive
treatment.

Loss of Renal Function (See Acute
Renal Failure)

When there is a deterioration of renal func-
tion during pregnancy and the cause is not
apparent, biopsy should be done. Usually the
diagnosis of preeclampsia or hemolytic ure-
mic syndrome (HUS) asacause of proteinuria
and rising serum creatinine can be made with-
out biopsy. Acute glomerulonephritis may re-
quire biopsy to determine whether treatment
isindicated or likely to be effective.

Severe Nephrotic Syndrome

When renal function and blood pressure are
normal in a patient who appears to have a
primary renal disease, it is not usually neces-
sary to make a specific histologic diagnosis.
Occasionally the edema and hypoalbu-
minemia associated with nephrotic syndrome
are so severe that treatment with steroids is
considered. In this situation, renal biopsy is
helpful. High-dose steroids have been used
extensively in pregnancy for awide variety of
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conditions, but are associated with an in-
creased risk of hypertension and glucose in-
tolerance aswell asadrenal suppressioninthe
infant. Their use should be confined to mini-
mal change disease (MCD) or focal sclerosis
where there is a substantial chance of re-
sponse. In patients with focal sclerosis, treat-
ment should be continued only inwomen who
have an early response (withinamonth) rather
than using a prolonged trial that might be
undertaken in a nonpregnant patient.

Differentiating Preeclampsiafrom
Primary Renal Disease

In some situations, it is difficult to distin-
guish between primary rena diseaseand pree-
clampsia. Since the definitive treatment for
preeclampsia is delivery, certainty about the
diagnosis has therapeutic implications. Prac-
tically, it is rarely possible to take advantage
of abrief window of opportunity when prote-
inuriais heavy enough to raise the question of
another renal disease and before the blood
pressure is too high to do the biopsy safely.

In some women, pregnancy is the first oc-
casion for a urinalysis in adult life, and the
discovery of proteinuria at the first prenata
visit may reflect preexistingrenal disease. The
distinction between preeclampsia and pri-
mary renal disease is made on the basis of the
same diagnostic features that differentiate the
two diseases when the onset of proteinuriais
known to have occurred during pregnancy.

Treatment of Nephrotic Syndrome

Treatment of nephrotic syndrome unre-
sponsive to steroids is problematic during
pregnancy. Proteinuriaincreases during preg-
nancy and edemamay become massive, lead-
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ing, in some cases, to skin breakdown and
bladder outlet obstruction. Low doses of diu-
retics have been shown to befairly low risk in
the absence of preeclampsia, and the use of
low-dose diuretics in women with disabling
edema is reasonable. Unfortunately, patients
with nephrotic syndrome frequently require
dosesmuch higher than those shown to be safe
in studies of pregnant women. When
furosemide is used in pregnant women, fetal
urine output increases, and high doses might
be expected to carry the risk of volume con-
traction and electrolyte abnormalities in the
fetus. Pregnancy may aggravate the hyperco-
agulability associated with nephrotic syn-
drome. Women with previously documented
renal vein thrombosis should be fully antico-
agulated with heparin throughout pregnancy.
Although there are no clear data, it is reason-
ableto givelow-dose heparin (5000 U subcu-
taneoudly twice daily) to women with mem-
branousnephropathy and profound hypoal bu-
minemia (albumin < 2 g/dL). Treatment of
elevated cholesterol should be deferred until
after delivery because |ovostatin has been as-
sociated with congenital anomalies.

Chronic Renal Disease

Hypertension

Hypertension is acommon complication of
pregnancy in women with renal disease even
with good renal function. Worsening hyper-
tension is usual. The diagnosis of preeclamp-
siacan be difficult because all manifestations
of preeclampsia can occur from therenal dis-
ease itself. The approach to the control of
blood pressure in women with preexisting
renal diseaseissimilar to that in women with

chronic hypertension, but control of blood
pressure should be initiated early and an at-
tempt should be made to keep the blood pres-
sure < 140/90. We recommend teaching
women with underlying renal disease to
measure their own blood pressure at home
between obstetric visits because increases in
blood pressure can be abrupt.

Proteinuria

Proteinuria generally increases in women
with glomerular disease and preexisting pro-
teinuriawho become pregnant, but pregnancy
doesnot precipitatearel apsein women whose
nephrotic syndrome is in remission [78].
Heavy proteinuria early in pregnancy has
been associated with an increased rate of fetal
loss, prematurity, and IUGR, an observation
that provides support for steroid treatment of
susceptible lesions. Nephrotic-range prote-
inuria occurring later in pregnancy does not
adversely affect fetal outcome.

Accelerated Declinein Renal
Function

The most important determinant of the ef-
fect of pregnancy on underlying rena disease
is the level of renal function at the time of
conception rather than the nature of the under-
lying rena disease. If a woman with renal
disease conceives when her renal function is
normal or only mildly decreased, the progres-
sion of her renal disease is not usually accel-
erated, although her pregnancy is still likely
to be complicated by hypertension and in-
creased proteinuria [79]. Three retrospective
studies examined the course of renal disease
in women who had a least one pregnancy
compared with concurrent controls[80 — 82].
Thelargest study included 171 women with a
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variety of glomerular diseases who became
pregnant and 189 women who did not become
pregnant after the onset of glomerulonephri-
tis. There was no difference in the frequency
of ESRD with a mean follow-up of 15 years
[81].

In contrast, decline in renal function accel-
erated in women with moderate to severe re-
nal insufficiency who become pregnant.
Thereis disagreement about the level of renal
function at which pregnancy becomesafactor
inthe acceleration of the disease, but the most
widely used marker is a serum creatinine of
1.4 mg/dL. Multiple studies support this ob-
servation [83 — 86], but are flawed because of
small numbers and the absence of controls. A
larger report published in 1996 included 82
pregnanciesin 67 women with primary renal
disease and serum creatinine of 1.4 mg/dL.
prior to conception or in the first trimester
[87]. Twenty percent of women had adeterio-
ration in renal function during pregnancy, and
23% had a deterioration in the first 6 weeks
postpartum. At 6 months postpartum, 8% had
recovered renal function and an additional
10% had deteriorated. The likelihood of an
accelerated decline in rena function was
greater in women whosefirst measured serum
creatinine was > 2 mg/dL. One of 49 women
with serum creatinine between 1.4 and 1.9
mg/dL. experienced accelerated decline, in
contrast to 7/ 21 pregnancies in women with
serum creatinine of = 2.0 mg/dL. Eight
women progressed to ESRD within a year of
pregnancy, including 7 women with preg-
nancy-associated declinein renal function.

With the obstetric and neonatal care cur-
rently available, fetal survival inthe setting of
chronic renal disease is high. The fetal prog-
nosis even for women who conceive with
impaired renal function hasimproved over the
last 2 decades. Several recent outcome studies
have reported fetal survival > 90% in such
pregnancies [87, 88] and infant survival >
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70% even in pregnancies in women whose
renal function deteriorated to the point of
needing dialysis[89]. Prematurity and IUGR,
however, are still common. Over 70% of in-
fantsare born prematurely in some series[84,
85, 87], and the frequency of IUGR from
43 —-57% [84, 87].

Arguments have been made that the out-
come of pregnancy and the effect on maternal
disease is worse in certain glomerular dis-
eases, including IgA nephropathy, focal
segmental glomerulosclerosis (FSS), and
membranoproliferative  glomerulonephritis
(MPGN) [78]. However, thereisno solid evi-
dencethat therisk factorsfor poor outcomein
these diseases, specifically hypertension and
renal insufficiency, are different from other
renal diseases.

Diabetic Nephropathy

At least 4 reports involving 136 women
with diabetes mellitus (DM) and nephropathy
conclude that pregnancy does not have an
adverse effect on the progression of the dis-
ease [90—93]. Most of the reportsinvestigat-
ing the effect of pregnancy on established
diabetic renal disease included very few
women with impaired renal function. Only 12
of the 90 women in the reports that gave
individual baseline renal function had initial
serum creatinine > 1.4 mg/dL. At least 6 of
these women experienced an accelerated pro-
gression of renal disease during pregnancy. In
one study in which 12 women had ESRD at
follow-up, it was unclear whether these were
women with preconception serum creatinine
> 1.4 mg/dL. Purdy and colleagues recently
reported on 14 pregnanciesin 11 women with
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diabetic nephropathy and serum creatinine of
> 1.4 mg/dL prior to pregnancy or in thefirst
trimester. Forty-five percent of the women
showed accelerated progression of rena dis-
ease [94], as determined by a change in the
slope of 1/Cr during pregnancy and postpar-
tum, and by comparison with a nonpregnant
control group. Another report of 7 pregnan-
cies in 6 patients with preconception serum
creatinine of 1.5 mg/dL found no change in
the slope of 1/Cr, but 3 women had reached
ESRD at 30-month follow-up [95]. Indiabetic
nephropathy, as in other rena diseases, the
level of renal function at conception is the
most important determinant of the effect of
pregnancy on the progression of the disease.

Patients with diabetic nephropathy, with or
without severerena insufficiency, haveahigh
frequency of hypertension during pregnancy
(53 — 97%). Hypertension is common before
pregnancy, frequently worsens during gesta-
tion, and often develops in previously nor-
motensive women. DM is a recognized risk
factor for preeclampsia, but even low level
proteinuria(190—499 mg/24 hours) identifies
a group at higher risk for preeclampsia than
women with diabetes alone[96]. Coombsand
colleagues followed pregnancies in 311
women with DM with varying degrees of first
trimester proteinuria. For women with 24
hours urine protein < 190 mg/day, the risk of
preeclampsia was 10%, only dlightly higher
than the general population. Therisk of pree-
clampsiain the groupswith 190—499 mg/day
and = 500 mg/ day was 40% and 47%, respec-
tively.

Proteinuria increases during pregnancy in
women with diabetic nephropathy, as it does
in women with other renal diseases. The fre-
guency of nephrotic-range proteinuria in the
5 reports cited above ranged from 41 — 73%.
Nephrotic-range proteinuria develops in
> 50% of women who have lower levels of
proteinuria before conception.

Despite serious materna problems, long-
term infant survival was > 95% with no still-
birth or neonatal death in the two reports of
women with moderate renal insufficiency.
However, approximately half of the infants
were born prematurely and 15% had long-
term developmental problems, oftenrelated to
congenital anomaliesresulting from poor glu-
cose control during organogenesis.

L upus Nephritis

Courseof Lupus Nephritisin
Pregnancy

Although some investigators argue that
pregnancy per se does not aggravate lupus
nephritis, the bulk of the data supports the
contention that pregnancy has an adverse ef-
fect on the course of the disease, and thereis
arisk of renal failureand even deathinwomen
with lupus nephritiswho become pregnant. In
276 women reported in 19 studies who had a
diagnosis of lupus nephritis at conception,
133 (48%) experienced a worsening of renal
disease during pregnancy [97 — 115]. Thirty
exacerbations were characterized by ARF
and, of these, 18 progressed to ESRD or re-
sulted in maternal death. An additional 8 had
adeclinein renal function that was permanent
but did not lead rapidly to ESRD. At least 44
women became nephrotic. Even in the ab-
sence of evidence of alupus flare, hyperten-
sion and preeclampsia were common, and
episodes of eclampsia were reported. While
the mgjority of studies were uncontrolled,
several studies using both nonpregnant
women and theindex subjects before and after
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pregnancy as controls showed an increase in
thefrequency of SLE flaresduring pregnancy.
In studies where renal histology was known,
the frequency of exacerbations during preg-
nancy was higher for women with membra-
nous nephropathy than for those with diffuse
proliferative glomerulonephritis, even though
membranous lupus is generaly thought to
have a more indolent course. Women with
lupus nephritis were also at risk for severe
extrarenal manifestations of SLE, including
cerebritis, pericarditis, and mesenteric vascu-
litis. The risk of exacerbation is lower in
women whose disease has been in remission
for > 6 months before conception [101].

Effects of SL E on the Fetus

Several characteristic problems occur inthe
infants of women with SLE. Women with
anticardiolipin antibody have an increased
risk of fetal loss [116]. Several studies of
prednisone treatment for this disorder show
no benefit from steroid treatment. Many lu-
pus-associated autoantibodies are 1gG and
cross the placenta. Neonatal lupus may be
associated with skin rashes, thrombocy-
topenia, and hemolytic anemia [117]. These
manifestations resolve over 6 months as ma-
ternal antibody disappears. Anti-SSA is de-
posited in the conducting system of the fetal
heart and is associated with irreversible con-
genital heart block [118 — 120]. Some infants
die in childhood from related myocardial fi-
brosis and heart failure, and others require
long-term pacemakers.

22

Pregnancy in Renal
Transplant Recipients

Over 6,000 pregnancies have been reported
in women of childbearing age who have re-
celved a renal transplant. Transplant recipi-
ents are advised to wait 2 years after trans-
plantation before contemplating pregnancy.
Pregnancy should be undertaken only if blood
pressure is controlled and renal function is
stablewith aserum creatinine of <2.0 mg/dL.

Effect of Pregnancy on Graft
Function

The question has been raised whether the
hyperfiltration that occurs during pregnancy
might have a detrimental effect in women
with renal transplants whose GFR is lower at
conception than in healthy women. Perma-
nent loss of graft function during or after
pregnancy in women with renal transplantsis
approximately 10% in a large number of re-
ports. Several case-control studies have at-
tempted to determine whether declinein renal
function was caused by pregnancy
[121 — 124].

First and colleagues reported on graft func-
tionin 18 women who underwent 25 pregnan-
cies, compared with 26 female controls and
23 male controls [121]. Mean follow-up for
the women who became pregnant was 11.8
years after transplantation and 6.9 years after
pregnancy, with similar periods of follow-up
for the control groups. At last follow-up, graft
survival was 77.8% in women who had be-
come pregnant, 69.2% in the female controls,
and 69.8% in the male controls (NS). Both
women who had become pregnant and the
female controls had had an increase in serum
creatinine over time. However, only 3women
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had serum creatinine > 1.5 mg/dL at concep-
tion, and in only onewasit > 2.0 mg/dL. Only
5 of the 18 women who became pregnant were
treated with cyclosporine.

A singlecontrolled study suggeststhat graft
function is adversely affected by pregnancy
[122]. Salmela et a. reported on long-term
graft function in 22 female transplant recipi-
ents with 29 pregnancies, compared to 38
female controls matched for cause of rena
failure, kidney source, immunosuppression,
time from transplantation, and serum creat-
inine. During the follow-up period, 8 of the
women who became pregnant lost their grafts,
one at one month postpartum. The remainder
of the grafts were lost between one and 11
years postpartum, but deterioration of graft
function began during pregnancy in 3women.
At 10-year follow-up, graft survival was
100% for the control group and 69% for the
group who had had pregnancies (p < .005).
Graft loss could not be correlated with ele-
vated serum creatinine at the time of concep-
tion. The general applicability of the conclu-
sions drawn in this report is limited by the
paucity of centers achieving 100% 10-year
graft survival similar to what was seen in the
control group.

Infection

UTIs are the most common bacteria infec-
tionsin pregnant transplant recipients, occur-
ring in 40% of pregnancies [125]. Monthly
urine cultures and prompt treatment of as-
ymptomatic bacteriuria are needed. The
pathogenic organisms occurring in immuno-
suppressed patients that are of particular con-
cern for pregnant women are Listeria, Herpes,
Cytomegalovirus (CMV) and Toxoplasma.
Transplant recipients should be evaluated for
previous infection with the latter 3 before
pregnancy or at the first prenatal visit.

Immunosuppressive Drugsin
Pregnancy

Cyclosporine

There are anumber of theoretical concerns
about cyclosporine metabolism in pregnancy.
Theincreasein plasmavolume andinterstitial
fluid, as well as increase in red cell mass
would be expected to decrease the cyclospor-
ine levels at a given dose. Because there is a
greater increase in plasmavolumethanin red
cell mass, agreater portion of any increasein
cyclosporine dose would be distributed in the
plasmaand lesswould bered cell bound. Itis
not known whether sex steroids might slow
the metabolism of cyclosporine through their
inhibition of hepatic microsomes [125].

Although predictions about the effect of
cyclosporine suggest forces working in oppo-
site directions, the clinical observation isthat
cyclosporine levels drop and an increase in
dose may be required to maintain the same
plasmalevels.

The most striking finding in transplant re-
cipients treated with cyclosporine compared
to those treated with other immunosuppres-
sive regimens is an increase in SGA habies.
The American Registry for Pregnancy in
Transplant Recipients noted a low birth
weight (< 2500 g) in 49.5% and a very low
birth weight (< 1500 g) in 17.8% of 107
infants born to mothers treated with cy-
closporine [126] during pregnancy. The fre-
quency of low and very low birth weight for
207 infants bornto motherstreated with pred-
nisone and azathioprine was 39.1% and
7.7% respectively. The difference in gesta-
tional age was not significant (35.6 vs. 36.2
weeks.)

There was a higher frequency of maternal
comorbid conditions in women treated with
cyclosporine; 51.7% of cyclosporine-treated
women were hypertensive prior to conception
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compared to 18.5% of women treated with
other regimens. More women in the cy-
closporine-treated group had prepregnancy
serum creatinine > 1.5 mg/dL (23.6% vs.
14.3%). It isnot known whether hypertension
and renal insufficiency before pregnancy ac-
count for theincrease in IUGR.

The use of cyclosporine raises the question
of itseffect ontherenal responseto pregnancy
in arenal transplant recipient. In transplant
recipients treated with prednisone and
azathioprine who have good rena function
prior to conception (serum creatinine < 1.3
mg/dL), GFR, as measured by creatinine and
inulin clearance, increases by a third by the
tenth week of gestation and remains at an
increased level until the third trimester when
it returns to baseline [127]. The increase in
GFR is less in women with lower prepreg-
nancy GFR. It has not been determined
whether cyclosporine, either by adirect effect
or by virtue of the higher prepregnancy serum
creatininein cyclosporine-treated women, in-
terferes with this response to pregnancy.

Experience with tacrolimus (FK 506) in
pregnancy is extremely limited. It crosses the
placenta and dose adjustment does not appear
to be required for pregnancy. Severe IUGR
was observed in one infant exposed to
tacrolimus [128]. In one study of 9 pregnan-
cies, hyperkalemiawas seenin 5/ 7 surviving
infants and one infant was anuric for 36 hours
[129]. A recent report of 25 infants born to
liver transplant recipients did not find IUGR,
however neonatal hyperkalemia and renal in-
sufficiency occurred [130]. Experience with
the use of mycophenolate mofetil in preg-
nancy is even more limited.

Long-term survival of infants whose moth-
ers were treated with cyclosporine during
pregnancy is no different than for infants
whose mothersweretreated with azathioprine
and prednisone alone. At present, taking cy-
closporine out of the regimen is not war-
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ranted. Unless there is a clear indication for
using tacrolimus or mycophenolate mofetil,
the better studied combination of cyclosporine,
azathioprine, and prednisoneis preferable.

Pregnancy in Dialysis Patients

Fertility is decreased in dialysis patients.
The American Registry for Pregnancy in Di-
alysis Patients reports a frequency of concep-
tion of 0.5% per year in women under the age
of 44. For unclear reasons, conception istwo
to three times more common in hemodialysis
patients than in peritoneal diadysis patients
[89]. In 1980, the European Dialysis and
Transplant Association reported on 115 preg-
nancies in women on dialysis [131]. Twenty-
three percent of pregnancies not electively
terminated resulted in surviving infants. The
outcome was somewhat better in 344 preg-
nanciesreported by the American Registry for
Pregnancy in DialysisPatients[89]. Inthe 187
pregnancies not electively terminated occur-
ring in women receiving dialysis at concep-
tion, the likelihood of a surviving infant was
about 40%. In contrast, the prognosis for the
59 pregnancies in women who began dialysis
during gestation was better, with a fetal sur-
vival of approximately 70%.

Both hemodialysis and peritoneal diaysis
have been used during pregnancy. Thereisno
advantage of one modality over the other,
either in fetal survival or in degree of prema-
turity.

When hemodialysis is used, it is common
practice to increase the intensity of diaysis,
based on the observation that women with
residual renal function have a better outcome
than women with no residua renal function.
There is a suggestion of increased survival
and less prematurity in pregnancieswherethe
mother was dialyzed = 20 hours per week
[89].
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Technical problems are not markedly in-
creased with peritoneal dialysis, and catheters
can be placed at any time during pregnancy.
In the third trimester, abdominal discomfort
usually makes it necessary to decrease ex-
change volume. There are few data on the
effects of peritonitis on pregnancy outcome.

A substantial percentage of fetal lossoccurs
late in pregnancy, with 16.5% of pregnancies
ending in second trimester spontaneous abor-
tion and 6.4% in dillbirth. Of live-born in-
fants, 18.2% dieintheneonatal period, mostly
from complications of prematurity. Little
long-term follow-up is available on the sur-
viving infants, but 11 of 49 infants where
follow-up was available had developmental
problems [89].

The frequency of complications is high,
with > 75% of women suffering from hyper-
tension, often severe. A drop in hematocrit is
almost inevitable unless erythropoietin doses
are increased 2 — 4 fold early in pregnancy.
Almost all women not treated with erythro-
poietin requiretransfusion [89]. Two maternal
deaths have been reported.

Acute Renal Failure (ARF)

ARF in pregnancy is largely a preventable
problem resulting from obstetric complica-
tions and not intrinsic renal disease. Preg-
nancy-related ARF can thus be viewed more
asapublic health problem than anephrologic
problem. Historically, ARFin pregnancy once
represented 20 —40% of all casesof ARF and
was responsible for 50% of cases in women
[132]. In 1958, the estimated incidence of
ARF in pregnancy was as high as 1 in 1400.
Today, in industrialized countries, the ap-

proximate incidence is 1 in 20,000 [133]. In
pregnancy, ARF occurswith abimodal distri-
bution. A peak in early pregnancy is associ-
ated with septic abortion, whileathird trimes-
ter peak is associated with late obstetric com-
plications, such aspreeclampsia, abruptiopla-
centag, postpartum hemorrhage, amniotic
fluid embolism, and retained dead fetus [134,
135].

In industrialized countries where most
women have access to high-quality prenatal
care and where abortion has been legalized,
there has been amarked declinein pregnancy-
related ARF, with near elimination of thefirst
peak [133]. The legalization of abortion in
France was followed by a decrease in the
percentage of cases of ARF attributable to
obstetric causes, from 40%in 1966 t0 4.5%in
1978 [133]. When abortion was made illegal
in Romaniain 1966, complications of illegal
abortion became a major cause of ARF. In a
report of 653 patients dialyzed for ARF be-
tween 1966 and 1989, 131 cases (20%) ARF
resulted from complications of illegal abor-
tion [136]. Between 1990 and 1992 after le-
galization of abortion, obstetric ARF ac-
counted for only 1.52% of the total.

In developing countries, obstetric ARF re-
mains a serious problem. Randeree et a. de-
scribed the changing picture of obstetric ARF
as the health care system in South Africa
improved [137]. Between 1978 and 1991, the
frequency of ARF in a hospital serving an
impoverished community fell from one in
450 pregnancies to one in 900 pregnancies.
With improvement in prenatal care, the pro-
portion of obstetric ARF secondary to septic
abortion decreased from 65% to 19%, while
the percentage of obstetric ARF from pree-
clampsiaincreased from 10% in 1978 to 48%
in 1991. With further improvement in obstet-
riccareand early recognition of preeclampsia,
the frequency of ARF from this cause would
be expected to decrease.
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ARF can occur after postabortal sepsisfrom
any organism but is most common and dra
matic with infection by Clostridium welchii,
which produces atoxin that causes hemolysis
and rena failure [138]. The infection may
follow a fulminant course, characterized by
severe abdominal pain and vascular collapse.
Clostridiumwel chii isdifficult to culture, and
clostridia species are part of hormal vaginal
flora, but characteristic gasin the uterinewall
on x-ray is highly suggestive. Careis suppor-
tive and is aimed at fluid resuscitation and
infection control. The need for hysterectomy
has been debated but can often be avoided
with early aggressive conservative treatment
[139, 140].

ARF intheThird Trimester

Bilateral Cortical Necrosis

In amajority of instances, ARF secondary
to preeclampsia or peripartum hemorrhage
followsacoursetypical of ATN with recovery.
In obstetric ARF, a substantial minority of
patients develop bilateral cortical necrosis, in
which rena function may fail to recover or
recovery may be partia with later progression
to ESRD. Bilateral cortical necrosis may oc-
cur inany type of ischemic ARF, but adispro-
portionate number of cases occur in obstetric
patients. In areport of 38 instances of cortical
necrosis that occurred at Necker Hospital be-
tween 1953 and 1972, obstetric patients ac-
counted for 26 (68%) [141]. Theincidence of
cortical necrosis was 2% in the nonpregnant
adultswith ARF and 21% of obstetric patients
with ARF. Theremay beavulnerability of the
renal vasculature which is peculiar to preg-
nancy. It is notable that the Schwartman reac-
tion can be induced in pregnant animals after
one exposure to endotoxin, whereas nonpreg-
nant animals develop it only after a second
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exposure[142]. Cortical necrosiscan bediag-
nosed by CT scan or angiography [143]. The
diagnosis is made primarily for prognostic
purposes.

ARF in Preeclampsia

Decreased GFR, rena blood flow and so-
dium excretion are characteristic of pree-
clampsia, but frank renal failure is unusual.
ARF in preeclamptic women occurs most
often when another obstetric complication
such as abruptio placentaeis present, or when
preeclampsia has progressed to the HELLP
syndrome[144 — 146]. In the largest series of
patients with HELLP, 7.7% suffered ARF. In
one report of 17 preeclamptic women with
ARF, 80% of women who developed cortical
necrosis had abruptio placentae compared to
one third of those who recovered renal func-
tion [145]. When ARF follows preeclampsia,
there is substantial risk of maternal mortality
(9.6% in one study) [144]. Pulmonary edema
occurs in > 50% of women with ARF secon-
dary to preeclampsia, emphasizing the need
for judicious fluid administration in women
with preeclampsia. Women who survive ARF
in the setting of preeclampsia without essen-
tial hypertension or underlying renal disease
have normal rena function at long-term fol-
low-up. When ARF occurs in women with
underlying chronic renal disease and renal
insufficiency, as many as 80% are dialysis
dependent at follow-up [144]. In these
women, itisfrequently difficult to distinguish
between ARF secondary to preeclampsiaand
the poorly understood acceleration of renal
failurein women with preexisting renal insuf-
ficiency, particularly because these women
are frequently hypertensive when they lose
renal function.
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Acute Fatty Liver of Pregnancy

Acutefatty liver of pregnancy isan obstetric
emergency. If left untreated, it may progress
to fulminant hepatic failure which is life
threatening for both mother and fetus. The
disease most often presentsin thethird trimes-
ter, with complaintsof headache, fatigue, mal-
aise, nausea, and abdominal pain. Late signs
include jaundice, bleeding, seizures, and he-
patic encephalopathy that may progress to
frank coma. Liver biopsy shows microvesicu-
lar fatty infiltration of hepatocytes in a cen-
trilobular distribution [147]. The maternal
mortality rate for the disease has improved
from 80 — 85% in the 1970s to less than 20%
in recent series, with the lowest mortality rate
reported being 6.6% [148 — 150]. The im-
provement in outcome can be attributed to
earlier recognition and treatment, the recogni-
tion of milder cases, and better supportivecare
of fulminant hepatic failure. Acute fatty liver
is frequently accompanied by preeclampsia,
and there may be a link between the 2 syn-
dromes. The etiology of the syndrome is un-
known, but recent investigations have found a
familial metabolic defect in fatty acid meta-
bolism [151 — 153].

Some degree of ARF occurs in up to 90%
of women with acute fatty liver of pregnancy
[148, 149]. Rena biopsy findings in acute
fatty liver of pregnancy include ATN, fatty
vacuolization of tubular cells, and occlusion
of capillary lumens by fibrin-like material.
Clinicaly, the ARF in this syndrome may
resemble hepatorenal syndrome, with low
fractiona excretion of sodium (FEna) and
benign sediment. Treatment includes delivery
of the baby and supportive care. ARF usually
resolves postpartum, as does the liver failure.
The availability of orthotopic liver transplant
offers alife-saving treatment to women who
do not recover postpartum. Thetiming of liver
transplant is difficult. Waiting may result in

the patients' deterioration and increase trans-
plantion mortality. A transplant done prema-
turely may commit awoman to life-long im-
munosuppression when she might have had a
complete recovery.

Postpartum Hemolytic Uremic
Syndrome (HUYS)

Initially described in children with antece-
dent diarrheal illness and in association with
verotoxin, HUS is characterized by a mi-
croangiopathic hemolytic anemia, thrombo-
cytopenia, and renal failure. It is aso recog-
nized in adults in association with diarrheal
illnesses, certain forms of adenocarcinoma,
medications, and pregnancy. Early reports of
postpartum HUS refer to the syndrome as
postpartum renal failure. Although it usually
occurs between one day and 3 months post-
partum, HUS may occur before delivery as
well [154, 155]. Thrombotic thrombocy-
topenic purpura (TTP), considered to be re-
lated to HUS along a continuum, typically
occurs during, but occasionaly after preg-
nancy. Renal failurein both HUSand TTPis
often severe enough to require temporary di-
alysis, and patients may suffer residual renal
damage, some severe enough to require
chronic dialysis or transplant [156].

In areview of 68 adults with HUS/TTP of
various etiologies diagnosed between 1980
and 1982, Conlon found a normal urinalysis
at presentation in only 3%. Eighty-six percent
had microscopic hematuria and 89% had pro-
teinuria[157]. In one study of 11 women with
pregnancy-associated HUS, 81% had im-
paired renal function at presentation.

The mainstay of treatment for HUS/TTPis
plasma exchange. Before the advent of plas-
mapheresis, the maternal mortality rate was
90%. With this treatment, maternal survival
has increased to 70 — 80%. Plasma exchange
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during pregnancy has not shown adverse ef-
fects on the fetus [158, 159]. It is thought to
work by removing factors that promote plate-
let aggregation and replacing inhibitory fac-
tors that may be lacking in the serum of pa-
tients with HUS/TTP. The number of treat-
ments necessary varies among patients, rang-
ing from5—47 daysin onestudy of 67 women
[160]. Theduration of treatment isdetermined
by monitoring hematologic, neurologic, and
renal parameters. Other treatments have in-
cluded prednisone, aspirin, dipyridamole,
heparin, immunoglobulin, vincristine, and
splenectomy. These should be considered
only as adjuncts to plasma exchange.

Recurrence of HUShasbeen described both
in subsequent pregnancies and in response to
other inciting factors, including oral contra-
ceptives, infections, and drugs such as cy-
closporine.

It is sometimes difficult to distinguish be-
tween HUS/TTP and severe preeclampsia ac-
companied by the HEL L P syndrome. Throm-
bocytopenia, microangiopathic hemolytic
anemia, renal insufficiency, proteinuria, and
hypertension may occur in both. Some distin-
guishing featuresincludeisol ated el evation of
lactate dehydrogenase (LDH) inHUS/TTR, as
opposed to el evation of transaminasesin pree-
clampsiadHELLP. Elevations of PT and PTT
are unusua in HUS/TTP and suggest pree-
clampsia. Preeclampsia generally improves
after delivery, although there may betransient
worsening for 48 hours. TTP/HUS is not im-
proved by termination of pregnancy. The dis-
tinction is important because preeclampsia
resolves with supportive care after delivery,
but HUS/TTP is generdly irreversible with-
out plasma exchange.

Biopsy findings in HUS/TTP include
glomerular capillary endothelial swelling and
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subendothelial deposition of fibrinoid mate-
rial that may cause occlusion of capillaries
[157]. Thrombi composed of fibrin and plate-
letsare found within capillaries and arterioles
[157].

The pathophysiology of microthrombus
formation in HUS/TTP is thought to involve
endothelial injury along with other factors
contributing to enhancement of platelet ag-
gregation or adecreaseininhibitorsto platel et
aggregation. Among those factors, abnor-
mally large multimers of von Willebrand fac-
tor have been observed in TTR, and these can
cause aggregation of activated platelets. Cal-
pain, a cysteine protease capable of causing
aggregation of normal platelets and enhanc-
ing platelet binding by von Willebrand factor,
has been found in some patients with active
TTP Decreased fibrinolysis may play arole.
Plasminogen activator inhibitor type 1, the
major inhibitor of plasminogen activator, is
increased in some cases of postdiarrheal HUS.
Decreased synthesis and increased degrada-
tion of prostacyclin have been suggested on
the basis of studies using plasma from indi-
viduals with TTP [161]. There may also be
some genetic predisposition to HUS/TTPR.
There are known familial occurrences, and
pregnancy-associated HUS has been reported
in sisters[162 — 164].

Although advances in treatment have dra-
matically increased patient survival in obstet-
ricHUS/TTP, it still poses asignificant threat
to both mother and child, particularly if not
diagnosed and treated promptly. Patientswith
pregnancy-associated HUS/TTP should be
aware of the possibility of recurrencein future
pregnancies and with estrogen-containing
oral contraceptives, although at present there
is no method to identify those who will be
affected a second time.
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Appendix

Food and Drug Administration categories evaluat-
ing the risk of drugs to the fetus.

A. Controlled studies fail to demonstrate risk to the
fetus even in the first trimester and the possibility of
fetal harm appears remote.

B. Either animal reproduction studies have not dem-
onstrated a fetal risk, but there are no controlled
studies in pregnant women, or animal reproduction
studies have shown an adverse effect (other than
decrease in fertility) that was not confirmed in con-
trolled studies in women in the first trimester (and
there is no evidence of risk in later trimesters).

C. Either studies in animals have revealed adverse
effects on the fetus (teratogenic or embryocidal
effects or others) and there are no controlled studies
in women, or studies in women and animals are not
available. Drugs should be given only if the potential
benefit justifies the potential risk to the fetus.

D. There is positive evidence of human fetal risk, but
the benefits from use in pregnant women may justify
the risk.

X. Studies in animals or human beings have dem-
onstrated fetal abnormalities, and the risk of using
the drug in pregnant women clearly outweighs any
possible benefit. The drug is contraindicated in
women who are or may become pregnant.



