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Section 1 Physiology

Chapter

1
Renal Physiology
Kate Bramham and Tracey Salter

Introduction
Remarkable and unique changes enable the kidneys
to adjust to the increased metabolic demands of
pregnancy. Renal adaption occurs following con-
ception, is maximal prior to major increases in
uteroplacental blood flow and is maintained until
at least late gestation. Adjustment of systemic and
renal homeostasis enables enhanced glomerular fil-
tration, volume expansion, modified electrolyte
and acid base balance and augmented erythropoie-
tin and active vitamin D synthesis. These altera-
tions are likely to contribute to successful
pregnancy outcomes. Current understandings of
underlying mechanisms of gestational transforma-
tions are outlined in what follows, and potential
pathophysiological pathways of pregnancy-
associated deterioration in renal function are
discussed.

Gestational Changes in the Renal Tract
Increases in renal blood flow and interstitial space
result in volume expansion of the kidneys up to 70 per-
cent, equating to approximately 1 cm in length [1].
Dilatation of the renal tract (calyces, renal pelvis and
ureter) is evident in 90 percent of women by the third
trimester [1], and is more prominent on the right.
This effect is proposed to be the consequence of the
ureter passing over the right iliac artery. However,
renal tract dilatation is also recognized in trans-
planted kidneys, implying that circulating factors are
contributory. Urological complications are discussed
in more detail in Chapter 15.

Renal Function in Pregnancy

Renal Blood Flow
Ovulation is followed by an increase in renal plasma
flow, as measured by para-aminohippurate clearance.
After conception, there are further increases in

effective renal plasma flow, reaching rates 50–85 per-
cent greater than nonpregnant values [2].

Longitudinal assessments of effective renal plasma
flow in healthy women during pregnancy and post-
partum consistently report augmented flow. There is
discrepancy at later gestation, however, with some
reports of up to 20 percent reduced flow toward
term [3, 4], and others of sustained blood flow [5].
Positional changes in late pregnancy may influence
renal hemodynamics [5], but this is not confirmed by
all studies [3].

Glomerular Filtration
In parallel with changes in renal blood flow, prior to
conception there is a 20 percent increase in glomeru-
lar filtration during the luteal phase of the menstrual
cycle compared with the week of menstruation [6],
and a 7 percent increase compared with the follicular
phase [7].

Assessments of inulin and 24-hour creatinine
clearance in healthy pregnant women report increases
in glomerular filtration as early as four weeks post-
conception [6], peaking at 40–65 percent postpartum
values [3, 4] in the second trimester. In the last trime-
ster, glomerular filtration, assessed by 24-hour creati-
nine clearance, appears to fall to nonpregnant values
[8]. In a study of serial 24-hour creatinine clearance in
early pregnancy, a 45 percent increase was present by
nine weeks’ gestation. Two women who subsequently
had miscarriages had a less marked increase in crea-
tinine clearance compared to women with uncompli-
cated pregnancies, evident three weeks prior to fetal
loss, suggesting that adequate early renal adaptation
appears to be important for successful pregnancy.
Furthermore, in women with severe chronic kidney
disease (CKD), a decline, rather than an improve-
ment, in renal function with pregnancy is associated
with lower birth weight [6].

Increments in glomerular filtration are less than
renal plasma flow, suggesting that adjustments in
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regulation of glomerular filtration occur. Dextran
sieving studies in healthy pregnant women, which
enable assessment of relative filtration of different
sizes of neutral molecules, suggest that there is
a reduction in porosity to small molecules in early
pregnancy that is more pronounced in later preg-
nancy [9]. Changes in breadth of glomerular pore
size during pregnancy, as compared with postpartum,
have also been reported, calculated by modeling from
dextran clearances [10]. It is likely that there are
dynamic changes throughout pregnancy in the mag-
nitude of the filtration fraction and its constituents,
with similar gestational changes in the glomerular
filtration barrier permeability, but understanding
remains limited.

Mechanisms of Gestational Change in
Glomerular Filtration
The kidney has one of the largest pregnancy redistri-
butions of blood flow compared with other nonrepro-
ductive organs. Yet, despite extensive recognition of
this adaptation to pregnancy, there are few studies of
pregnant women exploring potential mechanisms.
In nonpregnant individuals, plasma volume expan-
sion leads to increased glomerular filtration, and is
likely in part to contribute to increased renal blood
flow in pregnancy (see “Volume Regulation in
Pregnancy” section later in this chapter). It is unlikely
to exclusively mediate this, however, as maximal
plasma volume expansion occurs at later gestation
than the highest glomerular filtration rates.

Further augmentation of glomerular filtration can
be achieved by protein loading, by amino acid infu-
sion or by a high-protein meal. One study of 14
healthy pregnant women reported increments in glo-
merular filtration of 18, 10 and 12 percent following
an amino acid infusion in early and late pregnancy
and postpartum, respectively, compared with
a control infusion of compound sodium lactate solu-
tion [11]. The authors propose this effect reflects
recruitment of “dormant” nephrons, thus enabling
assessment of “renal reserve.” Rat studies of amino
acid infusions in pregnant and nonpregnant animals
confirm that there is a further increase in glomerular
filtration in pregnant animals of the same magnitude
as in the nonpregnant state, thus confirming that
renal vasodilatory responses in pregnancy remain
intact. Hence, mechanisms of autoregulation of glo-
merular filtration appear to remain intact and “renal

reserve” is maintained regardless of gestational
adaptation.

Women with renal transplants also have renal
adaptation during pregnancy comparable to healthy
controls, despite preexisting compensatory renal
hypertrophy, although the response is reduced.
Interestingly, donor gender or age did not influence
gestation-induced renal adaptation in a cohort of 20
renal transplant recipients [12].

Some authors propose that there is a reduction in
threshold for autoregulation that may be protective
against periods of hypoperfusion secondary to gesta-
tional hypotension, but this has not been formally
assessed. Furthermore, the proportion of “renal
reserve” recruitment in pregnancy is unclear.
The contribution of limited reserve in women with
CKD to renal function in pregnancy is explored in
Chapters 2 and 5.

Glomerular Hemodynamic Studies
Single glomerular micropuncture studies measuring
hydrostatic and oncotic pressure in Munich-Wistar
rats have confirmed that there are no differences
between pregnant and nonpregnant states despite an
increased whole kidney glomerular filtration rate [13].
Although probable, the same mechanism for
increased glomerular filtration in human pregnancy
cannot be assumed as experimental changes in renal
blood flow in rats appear to elicit a much wider
response in glomerular filtration than is observed in
humans. This is likely to be the consequence of filtra-
tion equilibrium occurring more proximally in the
glomerular capillaries of rats than humans, and thus
increments in plasma flow are able to continue to
increase glomerular filtration. However, there is evi-
dence from glomerular dynamic modeling studies in
healthy pregnant women that changes in glomerular
filtration are predominantly driven by augmented
effective renal plasma flow [9], with some contribu-
tion from reduced plasma oncotic pressure [10].
Equal vasodilation of both afferent and efferent arter-
ioles must be responsible, allowing increased renal
plasma flow to augment ultrafiltration without incre-
ments in transglomerular hydrostatic pressure.

Hyperfiltration states (e.g. essential hypertension,
type 1 diabetes) are considered to result in glomerular
hypertension. The augmented filtration fraction
necessary to maintain total glomerular filtration is
associated with glomerular injury and secondary
focal segmental glomerulosclerosis. Glomerular
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normotension is likely to explain why sequential preg-
nancies in women with normal kidney function are
not associated with progressive renal injury, nor is
there evidence of glomerular injury in multigravid
rats.

Relaxin Studies
The presence of an intact corpus luteum plays an
important, but not critical role in hemodynamic
renal adaptation in pregnancy. The ovarian hormone
relaxin rises minimally in the luteal phase then expo-
nentially in early pregnancy, and has been demon-
strated tomediate gestational changes. A study of nine
women with pregnancies conceived by ovum dona-
tion, with undetectable serum relaxin, reported
a reduction in plasma osmolality and an increase in
creatinine clearance in the first trimester, but change
from baseline was significantly less than in healthy
controls with detectable relaxin [14].

Further mechanistic evidence is provided by rat
models, which are summarized next [15]:

• Exogenous relaxin administration to chronically
instrumented conscious nonpregnant,
ovarectomized female and male rats results in
renal hemodynamic changes comparable to those
in pregnant animals.

• Anti-relaxin antibody administration to pregnant
rats abrogates any gestational increase in renal
blood flow or glomerular filtration.

• Relaxin infusion in nonpregnant rats reduces
renal vasoconstrictor response to angiotensin II
in vitro.

The relationship between relaxin concentration and
renal adaption in humans is less clear. Healthy volun-
teers were administered intravenous human synthetic
relaxin over six hours, but, despite a rapid rise in renal
blood flow of up to 60 percent, there were no differ-
ences before and after treatment in glomerular filtra-
tion [16]. The absence of an association between
relaxin administration and increased glomerular fil-
tration may be temporal, as larger studies of chronic
relaxin therapy over several weeks for heart failure
and systemic sclerosis reported significant changes
in creatinine clearance that were dose dependent.
However, the influence of relaxin on the magnitude
of gestational-associated change in filtration fraction
is unknown.

The mechanism of relaxin-induced changes in
renal blood flow has also been explored in rat models
and appears to be mediated by the potent endothelial-

derived vasodilator nitric oxide. Evidence is provided
by the following studies [15]:

• Blockade of nitric oxide synthase with L-arginine
analogs in chronically instrumented pregnant rats
abrogated gestation-associated increases in renal
blood flow and glomerular filtration, both with
acute and chronic administration, and prevented
renal adaptation if given in early pregnancy.

• L-arginine analogs blocked relaxin-induced
increases in renal vasodilation and hyperfiltration
and blunted myogenic reactivity in pregnant rats.

• Endothelial removal in rat renal arteries prevented
relaxin-induced vasodilation.

The mechanism of induction of nitric oxide synthesis
is unclear. There was no increase in endothelial nitric
oxide synthase (eNOS) isoforms in mid-trimester
pregnant rats compared with nonpregnant controls.
One study reported reduced eNOS expression in
pregnant animals, but higher renal inducible (iNOS)
and neuronal (nNOS) expression than in nonpreg-
nant animals, and increased protein abundance of
the specific nNOS beta isoform in mid-trimester rats
has been confirmed by others [15].

Endothelin B (ETB) receptor activation appears to
be contributory to gestation-associated renal adapta-
tion. Evidence comes from the following studies [15]:

• ETB receptor antagonists administered to
pregnant rats prevented a gestational increase in
renal vasodilation and hyperfiltration.

• ETB receptor-deficient rats do not exhibit
gestational renal adaptation.

• ETB receptor antagonists abrogate renal
adaptation in relaxin-treated nonpregnant rats.

It is unclear whether the renal effects of ETB receptor
activation are a consequence of increased expression,
or another unknown mechanism. Similarly, the path-
way by which relaxin elicits ETB receptor activity has
not been elucidated, as relaxin does not appear to
stimulate ETB receptor synthesis in vitro.

Matrix metalloproteinase-2 (MMP-2) has been
proposed to be a potential downstream mediator of
renal vasodilation in pregnancy by hydrolysis of big
ET to ET 1–32, which interacts with ETB receptors and
is summarized in what follows [15]:

• MMP synthesis is increased in uterine fibroblasts
in the presence of relaxin.

• MMP-2 is upregulated in small renal arteries of
both midterm pregnant rats and nonpregnant rats
with relaxin-induced renal vasodilation.

Chapter 1: Renal Physiology
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• Inhibition of MMP-2 in pregnant rats or relaxin-
treated rats reduced renal adaptation and
enhanced renal artery myogenic reactivity.

• MMP-2 activity is increased in ETB receptor-
deficient rats, and therefore may act upstream of
MMP-2 activation.

MMP-9 has been shown to be upregulated in small
renal arteries isolated from short-term (four to six
hours) relaxin-treated nonpregnant rats, but in this
model MMP-2 expression was unchanged. Following
administration of specific neutralizing antibodies
MMP-9 was found to mediate relaxin-associated
reduction in myogenic activity, but not MMP-2.
However, if the rats were treated with relaxin for
several days, MMP-2 activity was increased and the
MMP-2 neutralizing antibody inhibited the blunting
of myogenic activity. Thus length of exposure to
relaxin in order to activate different mediator path-
ways is likely important.

McGuane and colleagues have recently reported
the novel association between angiogenesis and
relaxin-mediated vasodilation [17]. Nonpregnant
rats were treated with a vascular endothelial growth
factor (VEGR) receptor tyrosine kinase inhibitor
(SU5416) before and during a five-day period of
relaxin administration. Expected increases in renal
plasma flow and GFR were abolished. In vitro studies

support the role of angiogenic factors mediating
relaxin-induced vasodilation. Pretreatment of small
rat and mice renal arteries and human subcutaneous
arteries with SU5416, placental growth factor (PlGF)
or VEGF-neutralizing antibodies inhibited the vaso-
dilator effects of relaxin, with evidence of upregulated
MMP-2 activity [17].

Relaxin stimulates VEGF synthesis in endometrial
cell lines and both VEGF and PlGF have been shown
to upregulateMMP-9 in human aortic smoothmuscle
cells. Together these findings suggest that angiogenic
factors may be important mediators of relaxin-
induced vasodilation that have effects both upstream
and downstream from vascular MMP activity.

A summary of the factors contributing to renal
vasodilation and hyperfiltration with gestation is out-
lined in Figure 1.1.

Progesterone Studies
Evidence from pseudo-pregnancy in rats confirms
that the feto-placental unit is not essential for renal
adaptation to pregnancy. Furthermore, gestational
increase in glomerular filtration occurs before max-
imal placental progesterone synthesis. However,
removal of the placenta during mid-pregnancy abro-
gates changes in renal blood flow and glomerular
filtration [18]. Progesterone, but not estrogen, admi-
nistered to nonpregnant women results in up to
15 percent increase in inulin clearance and creatinine
clearance, but only affected effective renal plasma
flow, not glomerular filtration, when given acutely to
men.

Other Glomerular Changes in
Pregnancy

Glomerular Volume
A controversial study including renal biopsy speci-
mens from 12 healthy pregnant women demonstrated
increased glomerular volume. There was also evi-
dence of glomerular endotheliosis despite the absence
of proteinuria and hypertension, which had pre-
viously been proposed to be a hallmark of preeclamp-
sia (although the severity of changes seen was less
marked as compared to biopsies from women with
preeclampsia) [19]. An autopsy series also confirmed
that glomerular size is greater in in pregnancy com-
pared with nonpregnant individuals, but that there
were no differences in glomerular cellularity [20].

Relaxin MMP–2 and 9

Big Endothelin Endothelin1–12

ET R B

Nitric Oxide

Renal artery

RPF
GFR

L-Arginine

VEGF

VEGF

Figure 1.1 Mechanisms of glomerular hyperfiltration in pregnancy
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Glomerular Proteinuria
Total urinary protein excretion rises with gestation.
The most widely recognized upper limit of “normal”
is 300mg/24 hours, derived from the upper 95 percent
confidence interval (259.4 mg) from a study of 270
healthy pregnant women [21]. Older studies exam-
ined differences in protein filtration during preg-
nancy. Increased urine concentration of several
plasma constituents is described (e.g. α-1 antitrypsin,
transferrin, beta-lipoprotein, complement fractions
β1-A-C, IgD and α-macroglobulin), whereas some
urinary plasma proteins are reduced (e.g. thyroxine-
binding prealbumin, IgG and IgA) and others are
unchanged (e.g. hemopexin, haptoglobin and IgM)
compared to nonpregnant women subjects, suggest-
ing dynamic gestational changes in glomerular
permeability.

There is a gestational increase in urinary albumin
excretion with variable rates of resolution reported
between 12 weeks and 12 months postpartum [9, 22,
23, 24]. Given the substantial increase in glomerular
filtration and the molecular size of albumin, it might
be anticipated that higher levels of albuminuria would
be present. Tubular reuptake may reduce total urinary
albumin concentrations, but gestation-associated
increase in transferrin, a comparable-sized molecule
to albumin, is considerably greater [25]. Selective
tubular reuptake could be contributory, although it
has been proposed that increased glomerular base-
ment membrane negative charge could repel anionic
plasma proteins, thus reducing their filtration and
urinary excretion.

Vascular endothelial growth factor is responsible
for the maintenance of podocyte and glomerular base-
ment membrane integrity in nonpregnant individuals,
and angiogenic balance is likely to play an important
role in glomerular protein excretion during pregnancy,
but direct relationships between glomerular structure
and function and local or circulating angiogenic fac-
tors in healthy pregnancy are yet to be confirmed.

Tubular Changes in Pregnancy

Tubular Proteinuria
Renal tubules reabsorb most filtered proteins, but also
catabolize proteins with excretion of constituent pep-
tides and directly secrete proteins into urine. Filtered
low-molecular proteins should be almost completely
reabsorbed by the proximal tubule, but urinary levels

of alpha-1 microglobulin, beta 2 microglobulin, reti-
nol-binding protein and clara cell protein have been
found to be increased in the second and third trime-
sters in healthy individuals in the absence of increased
plasma concentrations [26]. This has led to the pro-
posal that proximal tubular reabsorption capacity is
either compromised during pregnancy or at capacity
due to increased filtration.

Other changes in urinary protein composition with
gestation include increased urinary excretion of tubular
enzymes [25], which are of similar molecular weight to
urinary lysosomal enzymes, suggesting further gesta-
tional changes in tubular function rather than
increased filtration of circulating plasma enzymes.

Glycosuria
Glycosuria is more frequently recognized in pregnant
than nonpregnant individuals despite no changes in
serum glucose concentrations. Augmented glomeru-
lar filtration of glucose is likely to overwhelm prox-
imal tubular reuptake [27], hence glucose is more
readily detectable in the urine of pregnant women.

Uric Acid
Serum uric acid concentrations fall by approximately
25 percent in healthy pregnancy compared with non-
pregnant controls, then increase toward term. Uric
acid passes freely through the glomerulus, predomi-
nantly reabsorbed in the proximal tubule with reuptake
of 90 percent of the filtered load along the nephron.
Pregnancy is associated with altered handling of uric
acid with lower plasma concentrations in early preg-
nancy associated with reduced tubular resorption [28].
Reuptake appears to be restored in later pregnancy, or
increased plasma concentrations may be the conse-
quence of a fall in glomerular filtration toward term.

Historically uric acid concentration was used as
predictor of preeclampsia, as it was observed to rise
before the onset of hypertension and proteinuria and
was associated with reduced renal clearance.
However, subsequently the ability of uric acid to dif-
ferentiate between different hypertensive disorders
has been disproven, and a meta-analysis of 41 studies
including 3,913 women confirmed uric acid concen-
trations to be only a weak predictor of eclampsia and
severe hypertension and not associated with intrau-
terine death [29]. Furthermore, discrimination
between preeclampsia and preexisting renal disease
is not possible. Assessment of uric acid concentration

Chapter 1: Renal Physiology
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is no longer recommended to predict or diagnose
hypertensive disorders of pregnancy.

Volume Regulation in Pregnancy
During pregnancy there is a net volume expansion of
6–8 liters, which includes 4–6 liters in the intersti-
tium, and a 50 percent increase in plasma volume.
There is a concomitant reduction in plasma osmolal-
ity of 10mOsm/kg, which is apparent in early preg-
nancy and persists until delivery. Postpartum there is
substantial natriuresis to restore nonpregnant osmol-
ality and extracellular volume [30]. Several reports
suggest that inadequate volume expansion is asso-
ciated with poor fetal growth, which is evident as
early as weeks 5 and 10 [31].

Despite the reduction in osmolality, there is also
progressive retention of approximately 900 mmol of
sodium. Dynamic homeostatic mechanisms must be
reset throughout gestation in order to accommodate
changes in additional volume and reduced plasma
osmolality. However, women given diuretics or salt
restriction retain an appropriate neurohumoral anti-
natriuretic response [32].

It is unclear whether systemic vasodilatation lead-
ing to relative “underfill” is the primary stimulant for
sodium and water retention or conversely if renal
sodium reuptake is the initial event leading to plasma
volume expansion. A study of women in the first
trimester confirmed that both vasodilation and
plasma volume expansion are already initiated by six
weeks’ gestation [33].

The following influences on volume and plasma
osmolality have been described during pregnancy:

Vasodilation
Pregnancy-induced systemic vasodilation is predomi-
nantly mediated by nitric oxide and results in venous
pooling, thus reducing effective circulating blood
volume. “Underfill volume” sensing will be triggered,
including renin-angiotensin-aldosterone system
(RAAS) activity, atrial natriuretic peptide (ANP) sup-
pression and antidiuretic hormone (ADH) release,
leading to volume expansion throughout gestation.

Relaxin
Relaxin appears to play an important role in osmo-
regulatory gestational changes. Increments in circu-
lating relaxin are temporally related to early plasma
volume expansion [34]. A fall in plasma osmolality is

blunted in women who conceived by ovum donation
[14]. The presence of ovaries appeared to be critical to
the development of plasma volume expansion and
reduced plasma osmolality. Furthermore, relaxin-
neutralizing antibodies infused in pregnant rats abol-
ished gestational changes in plasma osmolality, and
administration of exogenous relaxin to rats following
ovarectomy was associated with a decrease in plasma
osmolality [15].

Renin-Angiotensin-Aldosterone System
(RAAS) Activation
In early pregnancy, plasma activity, total concentra-
tion and substrate or renin is enhanced in comparison
with nonpregnant controls, resulting in increased
plasma angiotensin II and aldosterone concentra-
tions. Plasma aldosterone in pregnant women has
been reported to be up to fourfold higher than in
nonpregnant individuals [2]. RAAS activation occurs
in spite of concurrent plasma volume expansion and
increased renal blood flow. There is marked blunted
vasopressor response to angiotensin II, while anti-
natriuretic activity is probably enhanced [35].

Although a resetting of activation of RAAS occurs,
augmentation of activity is observed following usual
triggers including sodium restriction, and reduced
venous return due to supine or upright posture
demonstrating highly sophisticated adaptation.
Underlying mechanisms leading to enhanced renin
synthesis are unclear. Increased circulating prosta-
glandins have been proposed to initiate vasodilation
leading to relative volume depletion and stimulation
of RAAS activity. In rat models, renin and aldosterone
concentrations revert rapidly to prepregnant values
after delivery, suggesting that nonpregnant sensing
thresholds are quickly reestablished.

Atrial Natriuretic Peptide (ANP)
Atrial natriuretic peptide (ANP) concentrations are
not increased in early pregnancy despite volume
expansion. Elevated levels are found at later gestations
corresponding to dilatation of the atrium. Resetting of
plasma volume expansion stimulus for release must
occur, and this is supported by meta-analysis [36].
ANP remains elevated postpartum with up to 148 per-
cent increases in concentration compared with non-
pregnant women [36], consistent with the period of
natriuresis, and consistent with the finding of increased
urinary cGMP postpartum, amediator of ANP activity.
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Some authors propose that there is a blunted
response to ANP in pregnancy, which, although
described in rats, has not been confirmed in humans.
There is evidence of enhanced cGMP metabolism by
phosphodiesterase-5 in the inner medullary collecting
duct in gravid rat models, and inhibition of phospho-
diesterase-5 abolished gestation associated refractori-
ness to ANP in pregnant rats. Whether this pathway is
relevant in humans remains to be established.

Antidiuretic Hormone (ADH)/Vasopressin
In nonpregnant individuals, substantial ADH release
would be elicited by a fall in plasma osmolality of
10mOsm/kg, inhibiting thirst and enhancing water
excretion, but ADH does not appear to be triggered
at the same threshold in pregnancy. Several human
studies have demonstrated higher circulating ADH
concentrations in pregnant women at the same
plasma osmolality as nonpregnant controls, particu-
larly in the first trimester, and these findings have
been supported by rat models. One study of ADH
concentrations reported no difference between preg-
nant and nonpregnant rats despite a reduction in
plasma osmolality of 8mOsm/kg. Collecting duct
aquaporin 2 expression was increased and appeared
to be mediated by V2 vasopressin receptors [37].

Human chorionic gonadotrophin (hCG) may be
contributory in early pregnancy adaptations in ADH.
Six nonpregnant females were given hypertonic saline
during the luteal phase of the menstrual cycle.
Additional administration of hCG resulted in
a reduction in plasma osmolality, ADH and thirst,
which was not evident in control males [38].

ADH concentrations fall in later pregnancy com-
pared with early pregnancy and ADH clearance
increases three- to fourfold in the second and third
trimesters. A placenta-derived vasopressinase has
been identified, but its contribution to ADHmediated
change is unclear.

Gestational volume expansion would also be
expected to suppress ADH release, but does not
occur in rat models This trigger may be “overridden”
by systemic vasodilation leading to perceived under-
filling of the vasculature, or due to resetting of the
threshold for ADH release.

Tubuloglomerular Feedback
Tubuloglomerular feedback has been studied in
chronically instrumented rats. In nonpregnant

animals, plasma volume expansion is detected as
increased tubular fluid volume delivery to the macular
densa, leading to afferent arteriolar vasoconstriction
and reduced glomerular filtration, thus regulating tub-
ular fluid volume. In pregnant rats this response was
not activated until higher rates of renal blood flow were
present compared to nonpregnant controls [39], con-
firming a “resetting” of the threshold of volume expan-
sion to suppress tubuloglomerular feedback. However,
a response to increased renal plasma volumes was still
observed, thus autoregulation is maintained in order to
tolerate higher plasma volumes.

Electrolyte Homeostasis in Pregnancy
Volume expansion leads to net dilution of electrolytes
during pregnancy. However, there is a net gain in total
sodium, potassium and calcium achieved by the fol-
lowing mechanisms:

Sodium
Plasma sodium concentration falls by 4–5mmol/L
during pregnancy. Filtered sodium load increases
due to the elevated glomerular filtration rate, but
reabsorption by the tubules is enhanced resulting in
a net gain in sodium. Multiple contributory factors
have been proposed and are outlined in Figure 1.2.

Aldosterone responsive epithelial Na channel
(ENaC) activity in late pregnancy appears to be
instrumental in sodium retention. ENaC channel
mRNA expression in the renal collecting tubule has
been demonstrated to increase in the presence of
estrogen in vitro. Inhibition of renal ENaC in late
pregnant rats blunted sodium retention and plasma
volume expansion, and late gestation increase in
blood pressure [40]. However, aldosterone responsive
sodium chloride co-transporter (NCC) mRNA
expression appears to be unchanged in pregnant rats
compared to virgin controls [41] and an explanation
for this discrepancy is unclear.

Potassium
There is a reduction in urinary potassium excretion
during pregnancy leading to retention of approxi-
mately 350mmol of potassium despite elevated
aldosterone concentrations and increased urinary
bicarbonate excretion. Mineralocorticoids adminis-
tered to healthy pregnant women in the third tri-
mester had little effect on potassium excretion and
the authors proposed this is due to the anti-
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mineralocorticoid effect of progesterone [42]. More
recently, H+/K+ ATPase types 1 and 2 mRNA have
been demonstrated to be increased in the cortex
and medulla of late pregnant rats compared with
virgin controls, which could explain the mechanism
of potassium retention independent of aldosterone.
[43] Precise gestational changes in potassium hand-
ing within the nephron are poorly understood.

Calcium
Calcium excretion increases during pregnancy by
two- to threefold, and is proposed to be the conse-
quence of increased glomerular filtration coupled
with reduced reuptake in the thick ascending limb of
the loop of Henle. Elevated plasma 1,25-dihydroxy-
Vitamin D3 concentrations are observed in preg-
nancy, leading to increased intestinal absorption of
calcium and suppression of parathyroid hormone
(PTH) concentrations. PTH-induced tubular calcium
reuptake is subsequently blunted. Calciuria is dis-
cussed in more detail in Chapter 18.

Acid-Base Homeostasis in Pregnancy
During pregnancy there is a net increase in hydrogen
ion synthesis due to increased basal metabolic rate
and calorific intake. Plasma pH is higher than healthy
nonpregnant individuals during pregnancy, however,
due to respiratory alkalemia driven by an elevated
respiratory rate. A mild compensatory metabolic
acidemia is also evident, with concentrations between
18 and 22mmol/l in healthy pregnant women. There is
no evidence of gestational changes in renal bicarbo-
nate reabsorption or hydrogen ion excretion in
healthy pregnancy.

Assessment of Renal Function in
Pregnancy
Creatinine production during pregnancy is
unchanged during pregnancy, hence serum creatinine
concentrations fall due to increased renal clearance.
Gestation-specific reference ranges for creatinine con-
centration are not well defined. Accurate assessment

Progesterone – increases with
gestation
•  Anti-mineralcorticoid
•  Direct inhibition of proximal 
    tubular reuptake Tubular Sodium

Excretion

ANP – increases at later gestations
•  Increases tubular excretion

ANP: Atrial Natriuretic Peptide; GFR: Glomerular filtration

GFR – increases with gestation
•  Increases tubular excretion

Albumin – decreases with 
gestation
•  Inhibits tubular reabsorption

Angiotensin – increases in early 
pregnancy – but responses are
blunted
•  Increases proximal tubular
   reuptake
•  Stimulates aldosterone
   release

Aldosterone – increases with
gestation
•  Increases distal tubular 
   reuptake

Desoxycoricosterone – increases 
especially at late gestations
•  Increases tubular reabsorption

Prolactin / Placental lactogen –
increases with gestation
•  Possibly decreases sodium
   excretion

Systemic vasodilation – increases
with gestation
•  Decreases sodium excretion

ADH – increases with gestation
•  Decreases sodium excretion

Figure 1.2 Influences on sodium excretion during pregnancy
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of glomerular filtration rate in pregnancy is challen-
ging, and comparisons of estimates with formal infu-
sion clearances are presented in Table 1.1.

Glomerular Filtration Rate (GFR) Estimation
Formulae
Formulae to estimate glomerular filtration rate
(GFR) have been studied during pregnancy.
Comparing the modified diet and renal disease
(MDRD) formula with inulin clearance [44] and
the chronic kidney disease-EPI formula with creati-
nine clearance[45] both underestimate filtration by
approximately 20 percent. These formulae should
not be used during pregnancy. Similarly, formulae
that include weight or body surface area underper-
form, as they are dynamic during pregnancy and do
not reflect kidney size. For example, a study of the
Cockcroft-Gault formula overestimated glomerular
filtration by approximately 40mls/min compared
with inulin clearance.[44]

Twenty-Four-Hour Creatinine Clearance
Twenty-four-hour creatinine clearance is the best
assessment of glomerular filtration in clinical practice.
Although there is the recognized limitation of variable
proximal tubular creatinine secretion, independent
changes in urinary creatinine excretion compared
with serum creatinine concentration with gestation
are not reported [6], thus alterations in tubular secre-
tion are unlikely. However, pooling of urine in dilated
ureters and incomplete bladder emptying may impair
accurate timed collections resulting in falsely low

clearance. Some authors propose that women should
lie in the left lateral position prior to micturition for
an hour in order to minimize this confounder,
although this is unlikely to be practical for most
women. Moreover, studies comparing 24-hour crea-
tinine clearance with inulin clearance have not iden-
tified significant differences between measurements
[4, 46].

Cystatin C
Cystatin is proposed to be a more accurate indicator
of glomerular filtration at the higher end of the
normal range than creatinine. Cystatin is freely fil-
tered at the glomerulus, actively reabsorbed and cat-
abolized by tubular cells. Several studies of cystatin
in pregnancy identify limitations as a useful marker
of glomerular filtration. Concentrations are shown
to rise in the second trimester rather than the antici-
pated fall with increasing glomerular filtration.
Cystatin is an anionic 13kDa molecule; thus it
would be expected that increased filtration occurs
as a consequence of the postulated reduced negative
charge of the basement membrane with gestation.
An explanation for this paradoxical finding is
unclear.

Several reports support the role of cystatin as
a diagnostic marker of preeclampsia with correlation
reported between serum concentrations and 24-hour
creatinine clearance [47]. Elevated concentrations are
described in women with chronic hypertension, but
the role of cystatin as a predictive or diagnostic mar-
ker of superimposed preeclampsia in women with
CKD has not been explored.

Table 1.1 Comparison for methods of assessment of glomerular filtration in pregnancy

Method of Assessment Gold Standard Comparison Overestimate/Underestimate

24-hour creatinine clearance Inulin clearance Significant correlation

Timed creatinine clearance 24-hour creatinine clearance Significant correlation

Inulin clearance

Cockcroft Gault Inulin clearance Underestimates

Creatinine clearance Overestimates using current weight
and underestimates using
prepregnancy weight

Modified Diet in Renal Disease
Formula

Inulin clearance Underestimates

24-hour creatinine clearance

Chronic Kidney Disease – EPI 24-hour creatinine clearance Underestimates

Cystatin-C 24-hour creatinine clearance Underestimates
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Mechanisms of Pregnancy-Associated
Progression in Renal Disease
The pathophysiology of pregnancy-associated pro-
gression of renal disease in women with more severe
CKD is unclear. Micropuncture studies in healthy rats
with five or more pregnancies confirmed no differ-
ences in glomerular or whole kidney hemodynamics
compared with nonpregnant controls. In rat models
of CKD due to anti-glomerular basement membrane
glomerulonephritis, raised glomerular capillary pres-
sure was observed in nonpregnant females, but preg-
nancy resulted in no further change in glomerular
pressure [48]. There was a tendency for an increase
in overall glomerular filtration, single nephron glo-
merular filtration and renal blood flow in pregnant
rats with glomerulonephritis. However, in this model
there were no differences in glomerular filtration
between rats with experimental glomerulonephritis
and controls, hence the severity of kidney disease
may not be sufficient to be associated with an accel-
erated decline in function.

Baylis and Wilson assessed glomerular hyperfil-
tration in uninephrectomized rats with high diet-
ary protein feeding following five repetitive
pregnancies [49]. Again there was evidence of
raised glomerular pressure and also elevated single
nephron glomerular filtration and glomerular
plasma flow rate in the nonpregnant operated ani-
mals compared with controls, but single nephron
GFR and glomerular plasma flow rates were lower
in repetitively pregnant rats compared with non-
pregnant animals. There was still a significant but
variable increase in single nephron glomerular fil-
tration in response to amino acid infusion sugges-
tive of preserved renal reserve.

Finally, pregnancy-associated glomerular hemo-
dynamic changes were assessed in the spontaneously
hypertensive rat. Despite marked glomerular hyper-
tension compared with normotensive controls, there
were no differences in glomerular pressure between
mid-gestation pregnant and nonpregnant animals,
nor any evidence of reduced glomerular filtration
after repeated pregnancies [50]. Interestingly there
was no increase at mid-gestation in renal vascular
resistance, nor was there an increase in renal blood
flow in response to an amino acid infusion in both
moderately and severely hypertensive animals sugges-
tive of a loss of renal vasodilatory response potentially
due to structural adaptations.

Other proposed mechanisms of pregnancy-
associated acceleration in renal disease include sub-
acute thrombotic microangiopathy, podocyte loss,
angiogenic imbalance and preexisting endothelial
dysfunction; however, none has been studied in detail.
A potential protective anti-fibrotic role of relaxin,
described in nonpregnant patients with CKD, has
not been explored in pregnancy.

Conclusion
Remarkable physiological adaptation to pregnancy
occurs in the renal vasculature, glomerulus and tubules.
Understanding the underlying mechanism of augmen-
ted glomerular filtration without hyperfiltration injury
is evolving, and could be invaluable to inform develop-
ment of therapeutic strategies for nonpregnant patients
with CKD. However, pathophysiology of pregnancy-
associated progression of renal impairment remains
elusive, and requires further study in order to prevent
this condition and the catastrophic consequences for
new mothers, their infants and their families.
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Section 2 Prepregnancy Care

Chapter

2
Prepregnancy Counseling and Risk
Assessment
Matt Hall and Liz Lightstone

Introduction
Fifty years ago, it was common for women with
chronic kidney disease (CKD) to be advised against
pregnancies, based on contemporary case series of
very poor outcomes for mother and infant [1].
In recent times, pregnancy outcomes are far better,
although women with CKD still represent a high-risk
pregnancy group [2]. Increased risks are identified not
only in women with advanced kidney disease but even
in women with CKD stages 1 and 2 (baseline esti-
mated glomerular filtration rate > 60ml/min/1.73 m2)
[3]. Physicians in primary and secondary care need to
be alert to advising women with renal disease prior to
pregnancy that they might be at risk and inform them
of the nature of those risks.

Aims of Prepregnancy Counseling
Prepregnancy counseling is an opportunity to:

• set expectations for likelihood of conception and
pregnancy progress, and introduce patients to
assisted conception, surrogacy or adoption
options when appropriate;

• discuss potential risks to maternal health resulting
from a pregnancy;

• discuss potential adverse fetal outcomes;
• adjust medications to minimize complication

rates; and
• consider the optimal timing for a planned

pregnancy.

Progressive improvements in maternal and fetal
outcomes for women with CKD have meant that it is
unusual to advise women with CKD against consider-
ing a pregnancy. Instead, the purpose of prepregnancy
counseling should be to outline and attempt to quan-
tify potential risks involved so that the patient and
their partner can come to their decision on whether
to, and when to, proceed with an attempted preg-
nancy. Observational surveys of patients’ experiences
reported that almost all women attending

prepregnancy counseling found the process informa-
tive and useful in decision-making [4].

Who Should Have Prepregnancy
Counseling?
Clinicians should consider whether a woman of child-
bearing age has a condition that might either directly
influence the ability to complete a successful preg-
nancy, or require treatment that might adversely
affect outcomes. This is particularly relevant for
women with CKD where the treatment of even those
with mild disease (for example, angiotensin-
converting enzyme inhibitors for proteinuric glomer-
ulopathies) could have a major effect on the fetus.

Identification of women with CKD has increased
over the past decade, predominantly due to the wide-
spread introduction of estimated glomerular filtration
(eGFR) reporting by biochemistry laboratories. This
calculated value accounts for some of the variability in
relationship between serum creatinine and true GFR
by factoring in the patient’s age, gender and ethnicity.
Most laboratories currently report estimated GFR
derived from the CKD-EPI formula [5].

The incidence of adverse pregnancy outcomes is
increased in women at all stages of CKD [3], so it can
be argued that all women with CKD should be offered
prepregnancy counseling, including those with nor-
mal excretory renal function. It is intuitive that
women with more advanced renal disease, those
receiving dialysis and those who have received
a renal transplant are likely to be at higher risk of
adverse outcomes than those with CKD stage 1 or 2,
and this is reflected in case series. There is contra-
dictory evidence from observational studies on
whether women with early CKD, normal blood pres-
sure and absence of albuminuria (for example, those
with isolated microscopic hematuria) develop more
adverse pregnancy outcomes than the general popula-
tion. A prospective cohort study including 370
women with CKD stage 1 (baseline eGFR >

13
03

17:59:13



90ml/min/1.73 m2) and 87 women with CKD stage 2
(baseline eGFR 60-89ml/min/1.73 m2) reported
higher rates of preterm delivery, lower birth weights,
greater requirement for neonatal intensive care unit
admission and higher rates of Caesarean section com-
pared with healthy controls [3]. Conversely, a registry
study of more than 5,000 pregnancies in Norway did
not identify a difference in rates of adverse pregnancy
outcomes between women with baseline eGFR
60–89ml/min/1.73 m2 and those with eGFR ≥
90ml/min/1.73 m2 except in women also known to
have hypertension [6]. Interpretation of both studies
is partially limited by inadequate data on progression
rates of CKD prior to pregnancy, confounding
comorbidity status, degree of proteinuria or hyperten-
sion and longer-term follow-up. Whether to offer
prepregnancy counseling to women with normal
excretory renal function, normal blood pressure and
absence of proteinuria will be determined in part by
resource availability. Their risk of adverse pregnancy
outcomes is likely to be similar to that of the general
population, but, as yet, there is insufficient data to
accurately identify those in need of enhanced
monitoring.

Most published data identify baseline eGFR,
blood pressure control and proteinuria as the key
determinants to pregnancy outcomes, rather than
the etiology of kidney disease. However, women
with known, suspected or possible genetic compo-
nents to their renal condition may benefit from
genetic counseling and investigation in addition to
standard prepregnancy counseling from the renal
clinic, irrespective of their renal parameters. Rapid
progress in renal genetics within the past 15 years has
greatly enhanced the identification of genetic diag-
noses for patients. Currently, about one in five
patients developing kidney disease prior to 25 years
of age have an identifiable monogenic cause, and this
figure is likely to rise further as the linear annual
increase in identified gene defects continues [7].
Therefore, women (or their partners) with a known
family history of renal disease, onset of renal disease
in childhood (particularly those with glomerular dis-
ease or multisystem syndromes) or phenotypes con-
sistent with known monogenic diseases without
family history (suggestive of de novomutations caus-
ing, for example, autosomal dominant polycystic
kidney disease) should be offered renal and genetic
prepregnancy counseling. This can facilitate estima-
tion of the risk of subsequent children inheriting the

condition, and also allow consideration of preim-
plantation genetic diagnosis.

Irrespective of etiology of renal disease, baseline
eGFR, blood pressure and proteinuria, women with
renal disease and previous adverse pregnancy out-
comes should be offered prepregnancy counseling
within a multidisciplinary setting.

Every consultation should be individualized to the
potential parents’ circumstances. An example
approach is given in Table 2.1.

Conception Advice
The optimum timing of pregnancy for women with
CKD will be influenced by:

• ability to stabilize relapsing-remitting conditions,
such as systemic lupus erythematosus (SLE),
nephrotic syndromes or vasculitis;

• control of blood pressure;
• degree of renal dysfunction;
• rate of decline in renal function and potential for

future renal transplantation;
• maternal age and fertility reserve;
• medication; and
• social and relationship factors.

Disease Remission and Control
Women with renal diseases associated with relapses
should be advised to postpone pregnancy until their
condition is stable and optimized. This is particularly
true for SLE, as fully discussed in Chapter 14.
Nephrotic syndrome in early pregnancy has been
associated with particularly poor outcomes in
reported series [8, 9]. It is intuitive that conditions
amenable to treatment, such as minimal change dis-
ease or membranous nephropathy, should be in
remission prior to a planned pregnancy on the mini-
mum medication required, although interventional
studies to support this approach are lacking.
Similarly, women with small-vessel vasculitis should
be in sustained remission and appropriate medication
at minimized doses prior to pregnancy.

Blood Pressure Control
Chronic hypertension is a predictor of adverse preg-
nancy outcomes in the general population. Rates of
preterm delivery (18 percent vs. 6 percent), small for
gestational age (23 percent vs. 5 percent) and perinatal
death (4.6 percent vs. 0.8 percent) are significantly
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higher for women with preexisting chronic hyperten-
sion but normal renal function [10].

A similar association has been identified in
women with CKD; however, the data are less clear.
Two retrospective studies identified hypertension at

conception (mean arterial pressure > 105mmHg and
diastolic blood pressure > 90mmHg, respectively) as
an independent risk factor for subsequent fetal death
with odds ratio of 10.5 and 20.5 [11, 12]. Other retro-
spective studies reported hypertension to be

Table 2.1 Example structure for prepregnancy counseling discussion

Planning
conception

• Confirmation of current pregnancy status prior to counseling
• Identify risk factors for subfertility

• Age
• Severity of renal dysfunction
• Previous or current treatment with cytotoxic therapy and contraceptives

• Evaluate optimum timing for planned pregnancy

• Disease/transplant function stability
• Likelihood/requirement for renal transplantation in near future
• Age and fertility

• Medicine optimization

• Exchange teratogenic medication with pregnancy-safe alternatives (for example,
mycophenolate derivatives for azathioprine)

• Minimize doses of corticosteroids while maintaining disease stability
• Omit nonessential medications when possible (for example, statins for cardiovascular

disease primary prevention in CKD)

• Discuss contraception if timing of pregnancy not currently optimal
• Discuss assisted conception, preimplantation genetic diagnosis, surrogacy and adoption

when appropriate

Assessing maternal
and fetal risk

• Identify risk factors for adverse maternal and fetal outcomes

• Severity of renal dysfunction
• Blood pressure control
• Etiology of renal disease
• Proteinuria
• Past obstetric outcomes

• Estimate adverse outcome risks

• Loss of maternal renal function
• Dialysis
• Preeclampsia
• Nephrotic syndrome and venous thromboembolism
• Urinary tract infection
• Renal transplant rejection/dysfunction
• Preterm delivery and sequelae
• Intrauterine growth restriction
• Stillbirth and neonatal death
• Neonatal intensive care unit admission

Set expectations • Outline the recommended frequency of monitoring visits during a pregnancy
• Discuss potential “worst case” scenarios to consider according to pregnancy risk profile
• Reassure women that, following counseling, their decision to proceed with a planned

pregnancy (or not) will be fully supported by the multidisciplinary team
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associated with poor fetal outcomes in univariate [13,
14] and multivariate [15] analyses.

A prospective study of 49 women with CKD stages
3 to 5 prior to pregnancy failed to identify hyperten-
sion as an independent predictor of fetal loss, small
for gestational age or accelerated loss of maternal
renal function, however [16]. Similarly, analysis of
prospective data comparing controls with women
with CKD stage 1 found that baseline hypertension
was independently associated with preterm delivery
and need for Caesarean section, but not small for
gestational age or neonatal care unit admission [3].
It is plausible that the impact of chronic hypertension
on pregnancy outcomes is overwhelmed by the
impact of more advanced kidney disease to account
for these findings, or that these studies are under-
powered to estimate effect.

How to treat elevated blood pressure and whether
to treat elevated blood pressure prior to pregnancy
remains controversial. For women with hypertension
during pregnancy but without CKD, the CHIPS trial
offers support for the safety of targeting a diastolic
blood pressure of 80–85mmHg versus
100–105mmHg), using labetalol predominantly,
with no increase in reported adverse fetal events.
The occurrence of severe maternal hypertension (≥
160/110mmHg) was lower in women treated to the
lower target, but this did not result in any other
benefits in terms of maternal morbidity [17]. For
nonpregnant patients with CKD, progression of
excretory dysfunction is reduced with tight blood
pressure control [18, 19], but, during pregnancy,
international guidelines fail to agree on target blood
pressure [20], and there is no published evidence to
support the benefit of blood pressure control prior to
conception to improve pregnancy outcomes.
Therefore, it is intuitive, but not evidence-based prac-
tice, to recommend that women with CKD are estab-
lished on appropriate antihypertensive medication to
achieve target blood pressure prior to conception in
order to minimize their risk of CKD progression,
rather than to prevent adverse maternal or fetal events
during pregnancy.

Renal Dysfunction, Rate of GFR Decline and
Fertility
Adverse maternal and fetal outcomes are more com-
mon with more severe renal dysfunction (see Risks to
Maternal Health and Risks to Fetal Health). Although

some outcomes for women with CKD stages 1 and 2
are not as good as for the general population [3], most
pregnancies will result in delivery of a healthy infant
withminimal, if any, long-term detriment tomaternal
health. Conversely, pregnancies for women with CKD
stages 4 and 5 and those receiving dialysis are highly
likely to result in early delivery, preeclampsia and
maternal morbidity [21]. Finally, pregnancy out-
comes for women with an established and well-
functioning renal transplant are generally better
than those for women with advanced CKD [22].

The timing of a planned pregnancy should be in
the context of whether risks associated with the current
level of renal function are acceptable to the mother or
whether waiting until function has declined to the
point of receiving a renal transplant would be prefer-
ential. This will, in turn, depend on the rate of decline
of renal function, the patient’s suitability for renal
transplantation, the availability of donor organs and
maternal fertility reserve. Following renal transplanta-
tion, published guidelines recommend that women
wait for up to two years before attempting conception
so that the risk of acute rejection is lower and medica-
tions are minimized (see Chapter 11). For example,
a 25-year-old woman with progressive CKD 4, esti-
mated GFR 18ml/min/1.73 m2 and a sibling willing
and able to donate a kidney might be best advised to
await transplantation prior to attempted conception.
Alternatively, a 38-year-old woman with stable CKD 4,
estimated GFR 24ml/min/1.73 m2 and multiple HLA
antibodies might not have the possibility of or necessity
for a renal transplant within the following five years, by
which time fertility might be significantly impaired.

Fertility is also impaired by CKD. Conception rates
have been reported as 60 per 1,000 women/year in the
general UK population compared with 20–25 in renal
transplant recipients and 5 in dialysis recipients [23–
25]. Published conception rate data for women with
pre-end-stage renal disease are unavailable; however,
multiple pathophysiological alterations in CKD lead to
impaired ovulation (hyperprolactinemia, decreased
GnRH pulsatility) [26], decreased ovarian reserve [27]
and reduced libido [28]. Options for assisted concep-
tion and associated risks are discussed in Chapter 4.

Risks to Maternal Health

Pregnancy-Induced Loss of Renal Function
Changes in systemic and renal physiology in preg-
nancy occur early (see Chapter 1). The ability of
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renal parenchyma and vasculature to adapt to preg-
nancy reflects the magnitude of renal “reserve” as
made available by vascular dilatation and mesangial
relaxation. Most patients with mild renal disease –
estimated GFR > 45 ml/min/1.73 m2 – demonstrate
a reduction in serum creatinine and blood pressure
during mid-pregnancy, in common with women
without renal disease, with parameters returning to
baseline values shortly after pregnancy [29]. Those
with more advanced renal disease may have
a blunted physiological response to pregnancy, man-
ifest as progressive hypertension and renal function
decline.

Historic case series have defined baseline renal
function as mild, moderate or severe based on serum
urea [1], creatinine [14, 21] or estimated GFR [16, 30],
making direct comparisons of results challenging.
Nevertheless, irrespective of criteria used, the risk of
losing renal function as a result of the physiological
strain of pregnancy is dependent on baseline renal
function. For women with normal or mildly impaired
excretory renal function, it is unlikely that pregnancy
will lead to loss of kidney function, and the risk of
needing dialysis within a year of pregnancy is very
low. Conversely, women with baseline creatinine >
180μmol/l or estimated GFR < 30 ml/min/1.73 m2

are more likely than not to sustain a persistent loss
of at least 25 percent of their kidney function after
pregnancy and one in three will require dialysis within
a year of pregnancy (Table 2.2) [2].

An independent, or confounding, effect of base-
line blood pressure, proteinuria or etiology of renal
disease on risk of pregnancy-induced loss of renal
function has been less well defined. For women with
CKD stage 1 (estimated GFR > 90 ml/min/1.73 m2),
multivariate regression analysis did not identify either
hypertension or proteinuria as risk factors for CKD

progression [3]. Although maternal hypertension is
linked to poor fetal outcomes [13–15], and is a known
risk factor for progression of CKD outside of preg-
nancy, there is no evidence that its presence precipi-
tates accelerated loss of renal function from
pregnancy. For women with baseline estimated GFR
< 40 ml/min/1.73 m2, proteinuria > 1g/day was asso-
ciated with accelerated loss of renal function postpar-
tum as compared with lesser degrees of protein loss
[16].

Loss of renal function following pregnancy is
more common in renal transplant recipients than
in other patients with CKD, particularly those with
baseline serum creatinine > 150μmol/l.
Twenty percent of patients had graft dysfunction
during pregnancy, but a persistent increase in crea-
tinine from baseline was not identified in those with
baseline serum creatinine ≤ 150μmol/l. No difference
in two-year graft survival was identified between
renal transplant recipients who had completed
a pregnancy and controls (93 percent vs. 94 percent,
p = 0.7) [31] (see Chapter 11).

Prepregnancy counseling is an opportunity to
forewarn patients of the potential impact of preg-
nancy on their renal disease. For most, it is
a reassurance that long-term detrimental effects are
unlikely and the risk of dialysis is very small. Women
with advanced renal disease (estimated GFR < 30 ml
/min/1.73 m2) will need to be informed of the unpre-
dictable but significant likelihood of needing dialysis
during or shortly after pregnancy.

Preeclampsia
The incidence of preeclampsia in the general popula-
tion is approximately 3–8 percent, depending on the
criteria used (see also Chapter 18). The revised 2014

Table 2.2 Risk of adverse maternal outcomes (14, 16, 21, 30) RRT, renal replacement therapy; SCr, serum creatinine; GFR, glomerular
filtration rate

Persistent loss of 25 percent
kidney function following
pregnancy

Need for RRT
within one year of
pregnancy

Preeclampsia

Baseline SCr < 140µmol/l, eGFR
> 45 ml/min/1.73 m2

0–6% 0–1% 15–25%

Baseline SCr 140-240µmol/l,
eGFR 30-44 ml/min/1.73 m2

33–55% 0–10% 20–60%

Baseline SCr > 240µmol/l, eGFR
< 30ml/min/1.73 m2

50–67% 10–35% 40–75%
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International Society for the Study of Hypertension in
Pregnancy criteria define preeclampsia as:

• New-onset hypertension (≥ 140mmHg systolic or
≥ 90mmHg diastolic) after 20 weeks’ gestation;
plus EITHER:

• Other maternal organ dysfunction:

• Renal insufficiency (creatinine ≥ 90μmol/l), or
• Liver involvement (elevated transaminases or

upper abdominal pain), or
• Neurological complications, or
• Hematological complications, OR

• Fetal growth restriction, OR
• Proteinuria (24-hour urinary protein ≥ 300mg/

day, or urine protein:creatinine ratio ≥ 30mg/
mmol) [20].

Determining the incidence of preeclampsia in
women with CKD is intrinsically complicated by the
defining criteria used, since many women will have
preexisting hypertension, proteinuria and/or renal
insufficiency. No single parameter can reliably differ-
entiate the development of preeclampsia from pro-
gressive or de novo renal disease, although the
presence of extra-renal, extra-placental clinical fea-
tures, such as hematological or liver abnormalities is
strongly suggestive of the syndrome. There is increas-
ing evidence to support the clinical utility of measur-
ing angiogenic factors in serum to assist in diagnosing
preeclampsia in this population [32], although this is
not common practice at present.

It is, therefore, difficult to predict the risk of pre-
eclampsia for individual women with CKD since the
observational data available are not directly compar-
able. Nevertheless, it is accepted that CKD is a strong
and independent risk factor for developing pree-
clampsia. Williams and Davison’s review of published
data between 1985 and 2007 reports the incidence of
preeclampsia increased from 22 percent in women
with baseline creatinine < 125μmol/l, to 40 percent
with creatinine 125–180μmol/l, 60 percent with crea-
tinine > 180μmol/l and 75 percent in women receiving
dialysis [21]. Retrospective analysis of women with
CKD who enrolled in the Vitamins in Preeclampsia
trial found high rates of preeclampsia in women with
CKD and baseline creatinine < 125μmol/l at 40 per-
cent, with a third of these cases requiring delivery
before 34 weeks’ gestation [33].

Based on these and other results, the UK National
Institute for Health and Clinical Excellence and the

World Health Organization identify CKD as a risk
factor for preeclampsia, and recommend that women
with CKD are offered prophylactic treatment with
low-dose aspirin during their pregnancy [34, 35].
There are no proven benefits from taking aspirin
during attempted conception and recommendations
suggest commencing aspirin 75mg daily between 12
and 20 weeks’ gestation. Women should be advised
that the beneficial effect of aspirin is significant but
modest, with a risk reduction of approximately 25 per-
cent [36]. With or without aspirin, enhanced moni-
toring for biophysical signs of impending
preeclampsia is required for women with CKD.

Urinary Tract Infection
Episodes of bacteriuria are common in pregnancy
due to physiological changes in renal anatomy.
Increased renal blood flow, generalized smooth
muscle relaxation and the compressive effects of
a gravid uterus can lead to transient impairments
of urine flow, stagnation and infection. Clinical
practice guidelines report that, during pregnancy,
asymptomatic bacteriuria is approximately four
times more likely to progress to ascending pyelone-
phritis than in the non-gravid state, with
a 21 percent risk of pyelonephritis if left untreated.
Moreover, episodes of pyelonephritis may precipi-
tate preterm labor and subsequent fetal morbidity.
These data relate to three reports published between
1960 and 1969 [37]. A more recent randomized
controlled trial of treatment for asymptomatic bac-
teriuria did not identify a decreased incidence of
pyelonephritis or preterm delivery with treatment,
and the absolute risk of adverse event was less than
3 percent with or without treatment [38].

Anatomical and functional abnormalities of the
urinary tract leading to recurrent urinary tract infec-
tion (UTI) are the commonest causes of CKD in
women attending renal-obstetric clinics in the
United Kingdom [39]. Women with structural
abnormalities of the renal tract and women receiving
immunosuppression, with or without renal transplan-
tation, are intuitively at increased risk of bacteriuria
and UTI during pregnancy compared with the general
population. Historical reports suggest that up to
40 percent of renal transplant recipients developed
UTI in pregnancy [40]; however, there are no pub-
lished data on the true incidence of infection rates in
these populations in recent literature. Furthermore, it
is common clinical practice to recommend that
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women in groups perceived to be at higher risk of
ascending infection should have urine examined for
the presence of bacteriuria, irrespective of symptoms,
at least monthly during pregnancy [36], despite a lack
of evidence to support this approach [41]. Conversely,
studies do not report any evidence of harm in screen-
ing for, or treating, asymptomatic bacteriuria in
pregnancy.

Despite the limited supportive evidence, it
remains prudent to advise women with CKD and
risk factors for UTI that (a) UTIs are more likely to
occur during pregnancy; (b) screening for asympto-
matic bacteriuria and subsequent treatment of posi-
tive results is recommended during pregnancy; and
(c) prophylactic antibiotics are recommended during
pregnancy for women already taking such treatment
prior to conception, those with an episode of con-
firmed bacteriuria and taking immunosuppression
and those with more than one episode of confirmed
bacteriuria during pregnancy.

Caesarean Section
CKD is not an indication for instrumental or opera-
tive delivery per se and should only be performed for
obstetric reasons. Nevertheless, women should be
advised that the increased incidence of maternal and
fetal morbidity found in pregnancies complicated by
CKD results in an increased observed rate of
Caesarean sections. For example, in an Italian cohort
study, Caesarean section rates were 27.2 percent in the
general population, 48 percent in women with CKD
stage 1, 70 percent in women with CKD stage 2 and
78 percent in women with CKD stage 3 (p < 0.001) [3].
Similar incidences were described in an Indian cohort
of 80 pregnancies with Caesarean section rates of
65 percent in women with CKD stages 1 and 2 and
71 percent in women with CKD stages 3 to 5.
The commonest indications for Caesarean section
were non-reassuring fetal heart rate (26 percent),
severe preeclampsia (22 percent) and severe fetal
growth restriction (19 percent) [42].

Proteinuria and Venous Thromboembolism
Pregnancy is a pro-thrombotic state – pregnant
women have 4.3-fold higher risk of developing venous
thromboembolism (VTE) compared to nonpregnant
controls [43]. Proteinuria is also a pro-thrombotic
state [44–46] as a result of hemoconcentration,
venous stasis and imbalanced urinary losses of pro-

thrombotic and anti-thrombotic factors [47], particu-
larly in patients with a diagnosis of nephrotic syn-
drome due to membranous nephropathy and focal
segmental glomerulosclerosis [48].

Womenwith established proteinuria outside preg-
nancy should be counseled that the physiological
effects of pregnancy (and discontinuation of anti-
proteinuric therapies) may convert asymptomatic
proteinuria to overt nephrotic syndrome. There are
no clinical studies to guide the necessity or effective-
ness of thromboprophylaxis in pregnancy based on
degrees of proteinuria and practice varies nationally
and internationally. Consensus guidelines recom-
mend that nephrotic syndrome in pregnancy is an
indication for thromboprophylaxis in pregnancy and
the puerperium, and lesser degrees of proteinuria may
constitute a risk for thromboembolism that should
inform the decision whether to use prophylaxis.
Some centers commence thromboprophylaxis when
proteinuria exceeds 1g per day. Others integrate
degrees of proteinuria with serum albumin, edema
and other VTE risk factors to determine thresholds
for treatment.

Risks to Fetal Health
Prepregnancy counseling is an opportunity to set par-
ental expectations for pregnancy outcomes. For most,
a “successful pregnancy” is one resulting in a healthy
infant coming home with the parents. Others might
have specific pregnancy preferences, including loca-
tion and method of delivery, that might not be safe in
the context of their CKD.

Observational data have revealed that the inci-
dence of adverse fetal outcomes is related to the
severity of maternal renal dysfunction (Table 2.3),
blood pressure control, etiology of maternal renal
disease and, to a lesser extent, degree of proteinuria.

Miscarriage, Stillbirth and Neonatal Death
Recent studies have described a remarkable improve-
ment in infant survival for women with CKD over the
past 60 years. In the 1950s, infant survival was only
43 percent for women with baseline serum urea >
7mmol/l and 0% with urea > 21mmol/l [1]. Since the
turn of the millennium, infant survival has been
reported to be > 95% in women with CKD stages
3-5, and 86% in women receiving hemodialysis
with an intensive schedule [3, 42, 49]. This progres-
sion – a combination of improved maternal medicine,
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renal medicine and neonatal intensive care [2] –
means that it should now be unusual to advise
women with CKD that a pregnancy could not be
considered.

Hypertension has been associated with increased
rates of fetal loss. Some studies identify that control-
ling blood pressure prior to, or during, pregnancy
increases survival [15] and (albeit in patients without
CKD) reduces the risk of severe hypertension during
superadded preeclampsia with a secondary effect on
improved infant survival [17]. Other retrospective
data suggest that, with or without antihypertensive
treatment, hypertension is a strong risk factor for
neonatal death with a hazard ratio of 21.9 (95 percent
confidence interval 2.6–165) comparing women with
baseline diastolic blood pressure (DBP) < 70mmHg
with DBP > 90mmHg or receiving treatment [12].

The effect of maternal proteinuria on infant survi-
val is less well defined. There are data to suggest that
maternal nephrotic syndrome during pregnancy por-
tends a very poor outlook for the pregnancy with
42 percent reported fetal mortality [9]; however,
these findings are not matched by contemporary
(albeit anecdotal) experience, which is far more
favorable.

While stillbirth and neonatal death is now uncom-
mon, doubt remains as to the true incidence of mis-
carriage in women with CKD. Irregular menstrual
cycles are common, so early miscarriages may be
mistaken for late and/or heavy periods, limiting the
accuracy of available data.

Preterm Delivery and Impaired Fetal
Growth
As compared with controls, the incidence of preterm
delivery (< 37 weeks and < 34 weeks), low birth
weight and, subsequently, neonatal intensive care
unit (NICU) admission is higher in women with
CKD. Of importance, this is true even for women
with CKD stages 1 and 2, a cohort previously
assumed to have minimal excess risk of adverse preg-
nancy events. In a prospective observational study of
91 pregnancies in women with CKD and 267 con-
trols, rates of delivery before 37 weeks were eightfold
in womenwith CKD stage 1–2 (40 percent vs. 4.9 per-
cent), and admission toNICU sixteenfold (18 percent
vs. 1.1 percent) [50]. The incidence of preterm
delivery and impaired fetal growth increases with
more advanced stages of renal dysfunction
(Table 2.3) [3, 49, 50].

Further review reveals that preterm delivery is
rarely due to spontaneous preterm labor. Of 91 preg-
nancies in women with CKD, 40 resulted in delivery
before 37 weeks. Only three of these (7.5 percent) were
due to spontaneous preterm labor, with the remainder
iatrogenic due to maternal (65 percent), fetal (20 per-
cent) or combined (7.5 percent) concerns [50].

The advice given to women at prepregnancy coun-
seling, therefore, should be that pregnancies may not
reach term, babies may be born smaller than normal
and there is an increased chance that infants will
require NICU support after delivery. Although

Table 2.3 Risk of adverse fetal outcomes [3, 21, 49, 55]. SGA, small for gestational age; LBW, low birth weight (< 2,500g); VLBW, very low
birth weight (< 1,500g); NICU, neonatal intensive care unit admission; SCr, serum creatinine.

Preterm
delivery
(< 34
weeks)

Preterm
delivery
(< 37
weeks)

SGA
(< 10%)
or LBW

SGA
(< 5%) or
VLBW

NICU Failure to
survive

Baseline SCr < 125µmol/l,
eGFR > 60 ml/min/1.73 m2

10% 30% 14–25% 5% 14% 1%

Baseline SCr 125-180µmol /l,
eGFR 30-60 ml/min/1.73 m2

38% 60–80% 19% 5% 44% 1%

Baseline SCr > 180µmol/l,
eGFR < 30ml/min/1.73 m2

44% 90% 50% 25% 70% 1%

Standard dialysis (17±5
hours/week)

80% 100% 44% 29% NA 40–50%

Intensive dialysis (42±7
hours/week)

38% 50% 39% 6% 40% 13%
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enhanced monitoring during pregnancy to identify
potential problems early will be required, it is not neces-
sary to arrange early elective delivery if there is not an
independent maternal or fetal indication to do so.

Disease-Specific Infant Complications
For most women, the etiology of their renal disease
will not impact their infants above and beyond the
degree of excretory dysfunction, hypertension or pro-
teinuria with which it is associated. The predominant
exceptions to this are women with CKD secondary to
systemic conditions, including SLE (Chapter 11) and
diabetes mellitus (Chapter 12), where effects of the
primary disease confer risks independent of the renal
disease.

Women with inheritable renal disease should
receive counseling regarding the risk of transmitting
their disease (or that of their partner) to their off-
spring. Commonly encountered monogenic causes
of CKD in renal-obstetric clinics are autosomal domi-
nant polycystic kidney disease (ADPKD), thin base-
ment membrane nephropathy and Alport syndrome.
Prepregnancy counseling should include discussion
of the inheritance pattern and risk, and the option of
preimplantation genetic diagnosis if feasible.

Congenital abnormalities of the kidneys and uro-
logical tract (CAKUT) encompasses a number of ana-
tomical changes that predispose patients to urinary
tract infection, obstruction and CKD (Chapter 10).
The etiology of these conditions appears to be hetero-
geneous with variable degrees of genetic and environ-
mental involvement that is poorly elucidated. Some
patients appear to transmit their condition in an auto-
somal dominant manner, although this is infrequent.
Advice regarding screening infants for inheritance
varies from center to center; however, if no structural
abnormality is identified on detailed intrauterine fetal
scan and the infant does not exhibit signs suggestive
of infections, screening the infant with postnatal
ultrasound or micturating cystourethrogram is very
unlikely to identify abnormalities and rarely recom-
mended [51].

Teratogenicity and Medicines Management
An extensive medication history should be taken at
prepregnancy counseling to identify previous and
current prescribed medication, over-the-counter pur-
chases of medications, illicit drugs and herbal or

alternative remedies. Medicines management sur-
rounding pregnancy is extensively discussed in
Chapter 7.

Medications fall into one of four categories
regarding potential pregnancies: 1) definitely harm-
ful, 2) potentially harmful with insufficient safety
data, 3) insufficient safety data but extensive experi-
ence of safe use in pregnancy and 4) proven safety
data. These risks should be balanced against the treat-
ments’ benefits. Again, these can be categorized as: 1)
essential, 2) preventative or 3) nonessential/sympto-
matic. Each treatment should be evaluated on its risks
and benefits prior to pregnancy.

Advice should be given regarding the timing,
safety and risks of changing prescribed treatments
known to be harmful in preparation for a pregnancy.
This is particularly pertinent for women (or their
partners) receiving mycophenolate derivatives for
renal transplantation or autoimmune conditions.
They should be advised to exchange mycophenolate
for an alternative agent (such as azathioprine) well in
advance of pregnancy, following discussion with their
primary renal physician, to allow elimination of the
agent from the maternal system and to confirm dis-
ease stability on the new regime. This is likely to
require three to six months.

Angiotensin-converting enzyme inhibitors (ACEi)
and angiotensin receptor blockers (ARBs) are terato-
genic in the second and third trimesters of pregnancy.
Two conflicting studies cast doubt on whether they
must be avoided prior to conception. In a comparison
of 209 women exposed to ACEi in the first trimester
against 202 women taking other antihypertensive treat-
ments and 29,096 women with no antihypertensive
treatment, ACEi exposure was associated with a risk
ratio of 2.7 (95 percent confidence interval 1.7–4.3) of
congenital malformation [52]. Subsequently, a larger
registry study compared 400 pregnancies exposed to
ACEi in the first trimester with 1,141 on other anti-
hypertensive agents and 416,218 controls. The rate of
major birth defects was higher in all patients receiving
antihypertensive agents (adjusted odds ratio [aOR]
1.25 [95 percent CI 1.2–1.3]), but no different between
those receiving ACEi and those on other agents (aOR
0.97 [0.67–1.41]) [53]. We advise women with a strong
indication for an ACEi or ARB, such as heavy protei-
nuria, to continue taking therapy until they have
a positive pregnancy test, then stop. We emphasize
the need for regular pregnancy tests once they
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discontinue contraception in order to avoid second-
trimester exposure.

Current recommendations suggest that HMG-CoA
reductase inhibitors (“statins”) should be stopped three
months prior to pregnancy, although prospective
cohort studies have not provided convincing evidence
of an increased risk of adverse pregnancy outcomes or
teratogenicity [54]. Their indication should be
reviewed, but in most cases they should be stopped in
advance. All prospective mothers should commence
folic acid supplementation upon discontinuing contra-
ception. For the majority of women with CKD, 400
micrograms is sufficient. Indications for high-dose
folic acid (5mg per day) are predominantly related to
patients’ comorbidities, including diabetes, obesity or
malabsorption disorders.

In the United Kingdom, further information
regarding risks of medications in pregnancy can be
obtained from the UK teratology information service
(www.uktis.org) and the British National Formulary.

Conclusion
Prepregnancy counseling should be offered to all women
with CKD contemplating pregnancy. A structured
approach to the consultation should summarize assess-
ment of fertility, optimal timing for a pregnancy, mater-
nal and fetal risks of pregnancy and medicines
management. It is unusual to recommend that women
with CKD should not attempt a pregnancy, although for
some, this should be postponed until reversible issues,
such as disease stability, are addressed.
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Chapter

3
Contraception in Women with Renal Disease
Kate Wiles

Introduction
Advice regarding safe and effective contraception
should be offered to all women of childbearing age
with chronic kidney disease (CKD). This must include
those women with advanced CKD and those receiving
dialysis, women with active glomerulonephritis and
women taking teratogenic medication. A wide range
of contraceptive options is available for women with
CKD. Women with CKD should be given advice
about the efficacy, including “typical” as well as “per-
fect” use failure rates.

Safe and effective reversible forms of contracep-
tion, which can be used in all women with CKD,
include the progesterone-only pill (desogestrel pre-
parations), the contraceptive implant (Nexplanon®)
and the intrauterine system (Mirena®). Emergency
contraception can be safely prescribed. Combined
contraceptives, which contain an estrogen compo-
nent, carry an increased risk of hypertension, venous
and arterial thrombosis and cervical cancer, which
may be significant for women with CKD. Barrier
methods, sterilization, fertility awareness, lactational
amenorrhea and contraceptive drug interactions are
discussed.

Contraception in Context
A key objective of global health policy is a reduction in
the number of unplanned conceptions and one of the
indicators of universal access to reproductive health is
the extent to which the need for contraception is met.
However, national survey data reveal that only 55 per-
cent of pregnancies are planned in the United
Kingdom [1]. Despite the free provision of contra-
ception by the National Health Service (NHS), there
were an estimated 225,600 unintended pregnancies in
England in 2010, leading to 163,000 abortions and
53,900 unintended births at a cost of £193 m [2].
Unplanned pregnancy is associated with an increased
risk of obstetric complications [3], even in the absence

of chronic health comorbidity. Consensus opinion is
that contraceptive counseling improves patient choice
and satisfaction and encourages a more sustained use
of correct contraception [4]. However, it is essential
that contraceptive counseling considers improper
contraceptive use and reliability in order that contra-
ceptive use has the capacity to limit the number of
unintended pregnancies [2].

Contraceptive Reliability
When considering the likelihood of contraceptive fail-
ure, both “typical-use” and “perfect-use” pregnancy
rates must be considered [5]. “Typical use” of
a contraceptive method reflects how effective
a contraceptive method is for the average person
who may not always use the method consistently or
correctly. The probability of a pregnancy with a year
of use is a measure of contraceptive efficacy. Perfect-
use and typical-use pregnancy rates for different con-
traceptive methods are outlined in Table 3.1.
The difference between perfect and typical use gives
an idea of how forgiving a contraceptive method is of
imperfect use. For example, typical use of the male
condom results in 18 percent of women experiencing
an unintended pregnancy within a year, in contrast to
a perfect-use failure rate of only 2 percent.

The Importance of Contraception in
Women with CKD
CKD is estimated to affect 3 percent of women of
childbearing age, and population trends of older pri-
miparity and increasing obesity are predicted to
increase prevalence in the future. The severity of pre-
pregnancy CKD is the major determinant of adverse
pregnancy outcome, including fetal growth restric-
tion, preterm delivery, preeclampsia and perinatal
death, as well as conferring a proportional risk of
a postpartum decline in maternal renal function [6]
(see Chapter 2). Mycophenolate mofetil and
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cyclophosphamide are known to be teratogenic, and
angiotensin converting enzyme inhibitors and angio-
tensin receptor antagonists are fetotoxic after the first
trimester. Therefore, it is essential that women of
childbearing age be counseled regarding safe and
effective contraception when these drugs are pre-
scribed. However, a small UK study of women aged
20–47 with CKD revealed that only 48 percent had
discussed contraception, 45 percent did not know the
risks of pregnancy, 39 percent were unaware of poten-
tially teratogenic medication and 29 percent had had
an unplanned pregnancy [7].

Hormonal changes associated with end-stage renal
disease include an absence of luteinizing hormone
surge, low estradiol, low progesterone levels and
a raised prolactin. Menstrual cycle irregularities occur
as the glomerular filtration rate (GFR) falls below
15ml/minute and progress to amenorrhea with a GFR
below 5ml/min [8]. As a result, end-stage renal failure
and “uremia” are estimated to confer a fertility rate 10
times lower than that of the general population.
However, conception and high-risk pregnancy can
occur with 3.3 pregnancies per 1,000 patient years in
recent cohorts [9]. In addition, rates of home hemo-
dialysis are increasing in the United Kingdom, and
isolated case reports suggest an increase in female

fertility in patients receiving intensified hemodialysis
[8]. However, few nephrologists discuss fertility issues
with their dialysis patients [10].

Following transplantation, fertility increases and
ovulatory cycles can normalize within the first month.
However, pregnancies in renal transplant recipients are
associated with higher complication rates when com-
pared to women with matched native renal function
[11]. In addition, the teratogenicity of maintenance
immunosuppression, specifically mycophenolate
mofetil, needs to be considered. In the United
Kingdom, 200–600 per million women aged 20–44
years have renal transplants, [12], and use of folate at
conception in the United Kingdom suggests that more
than one-third of patients with a renal transplant have
an unintended pregnancy [13]. In the United States,
5–12 percent of renal transplants occur in women of
childbearing age, of whom 50 percent have unintended
pregnancies [14]. Such data are mirrored worldwide.
In China, 15 percent of transplant patients report
unplanned pregnancies, with 34 percent of these
women having two or three. Of these, 56 percent
were not using any method of contraception, largely
due to a failure to realize that reproductive potential is
restored after transplantation [15]. Less than 50 percent
of a Brazilian transplant population was found to have

Table 3.1 Contraceptive failure rates: Perfect and typical use. Adapted from [5].

Contraceptive Method % women experiencing an unintended
pregnancy within the first year

Perfect Use Typical Use

No method 85 85

Combined
contraceptives

Combined oral contraceptive (COC) 0.3 9

Transdermal combined patch (Evra®) 0.3 9

Vaginal ring (Nuvaring®) 0.3 9

Progesterone-only
contraceptives

Progesterone-only pill (POP) 0.3 9

Intramuscular depot (Depo-Provera®) 0.2 6

Implant (Nexplanon®) 0.05 0.05

Intrauterine system (Mirena®) 0.2 0.2

Copper IUD 0.6 0.8

Barrier Methods Male condom 2 18

Female condom 5 21

Diaphragm 6 12

Sponge 9–20 12–24

Sterilization < 0.5 < 0.5

Fertility awareness methods 0.4–5 24
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received contraceptive advice following renal trans-
plantation, and 92.9 percent of pregnancies in this
group were unplanned [16]. In Iran, 92 percent of
female transplant recipients in one cohort were using
coitus interruptus as their only method of contracep-
tion, resulting in 29 percent of pregnancies being unin-
tended [17].

Contraceptive Options in Women With
Renal Disease
Evidence from “healthy” populations is used to deter-
mine the suitability of different contraceptive meth-
ods for women with CKD, as most studies of
contraception will exclude participants with medical
comorbidity. However, the UK Medical Eligibility
Criteria for Contraceptive Use (UKMEC) offers evi-
dence-based and expert consensus guidance for con-
traceptive use in the presence of different medical
conditions [18]. Although renal disease is not consid-
ered as a separate entity within this guideline, advice
applicable to women with hypertension, lupus, dia-
betes, venous thromboembolism and vascular risk is
available.

In providing contraceptive counseling to renal
patients, it must be remembered that the effectiveness
of any contraceptive method is dependent upon the
acceptability of the method to the patient and likely
compliance. Although absolute contraindications to
particular contraceptives may exist, the “safety” of
a particular method is often not a discrete “yes-no”
variable, but exists on a spectrum from recognized
safety to a risk that potentially outweighs benefit.
Acceptability must be considered in this context.
In addition, contraceptive decision-makingmust con-
sider the potentially significant risks of an unplanned
pregnancy in CKD, particularly in women with
unstable renal function and those taking tetratogenic
medication.

Table 3.2 provides a summary of the advantages
and disadvantages of different contraceptive methods,
with specific reference to women with renal disease
(see Table 3.2).

Combined Oral Contraceptives
The combined oral contraceptive contains an estrogen,
most commonly ethinylestradiol, and a progestogen, to
inhibit ovulation. The amount of estrogen in the com-
bined pill has fallen over time due to the epidemiolo-
gical link between estrogen and breast cancer and the

association of estrogen with adverse thromboembolic,
cerebrovascular and cardiovascular events. Today’s
combined pills contain approximately 30μg of estrogen
compared to a historical 50μg. A further reduction in
estrogen content to 20μg does not appear to have any
advantage with no evidence of additional vascular risk
reduction but an increase in menstrual bleeding dis-
turbances [19].

When considering the combined pill for women
with renal disease, the following recognized side
effects must be considered:

1. Hemodynamic effects
2. Venous thromboembolism (VTE)
3. Arterial thrombosis
4. Cervical cancer risk

Hemodynamic Effects
Use of the combined pill is associated with a rise in
blood pressure that is presumed due to dose-
dependent hepatic activation of the renin-
angiotensinogen-aldosterone axis by the estrogen
component [20]. This is relevant to the renal popula-
tion where rates of hypertension are much higher
than in the general population. In a small prospective
cohort of women with renal transplants taking com-
bined hormonal contraceptive methods, 86 percent of
patients were hypertensive at study entry and modifi-
cations in the type and doses of antihypertensives
were required in 36 percent in order to maintain the
same arterial pressure [21]. In contrast, small pro-
spective studies have demonstrated that newer com-
bined pills that contain estradiol as their estrogenic
component do not affect 24-hour blood pressure
readings, due to the fact that estradiol is a far less
potent hepatic enzyme inducer than ethinylestradiol
[20].

Combined pills have also been found to influence
the kidney’s hemodynamic response to salt. Salt-
loading in women taking combined oral contracep-
tives produces an increased filtration fraction, which
is hypothesized to be due to the effects of exogenous
estrogen on nitric oxide and prostaglandins as well as
the renin-angiotensin system [22]. Although these
data come from women without concomitant renal
disease, it has been hypothesized that an equivalent
hyperfiltration response to the combined pill in those
with preexisting renal impairment has the potential to
accelerate glomerular sclerosis and exacerbate
proteinuria.

Chapter 3: Contraception in Women with Renal Disease
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Table 3.2 Summary of the advantages and disadvantages of contraceptive methods for women with renal disease. Adapted from [48].

Contraceptive Method Advantages Disadvantages

Combined
contraceptives

Combined oral
contraceptive (COC)

Reduced ovarian and
endometrial cancer risk

Increased VTE risk (~x2
background)
Blood pressure rise
Increased arterial
thrombosis risk
Increased cervical cancer
risk

Transdermal combined
patch (Evra®)

Not affected by vomiting
or malabsorption

Higher risk of VTE than
COC pill
Blood pressure rise
Increased arterial
thrombosis risk
Increased cervical cancer
risk

Vaginal ring (NuvaRing®)

Progesterone-only
contraceptives

Progesterone-only pill
(POP)

Safe for those for whom
estrogens are
contraindicated,
including VTE,
hypertension and lupus

Small compliance
window (not desogestrel
eg Cerelle®/Cerazette®)

Intramuscular depot
(Depo-Provera®)

Not affected by vomiting
or malabsorption
Effective for 12 weeks

Increased breakthrough
menstrual bleeding
Adverse lipid profile
(increased LDL, reduced
HDL)
Reversible decrease in
bone-mineral density

Implant (Nexplanon®) Not affected by vomiting
or malabsorption
Effective for three years

Increased breakthrough
menstrual bleeding

Intra-uterine system
(Mirena®)

Reduced menstrual
bleeding
Not affected by vomiting
or malabsorption
Effective for five years

Irregular light bleeding in
first six months after
insertion, overall reduction
in menstrual bleeding
Possible increase in breast
cancer risk

Copper IUD Not affected by
vomiting or
malabsorption

Increased breakthrough
menstrual bleeding

Can be used as
emergency
contraception

Effective for 10 years

Barrier Methods Male condom
Female condom
Cervical cap
Diaphragm
Sponge

Convenient
Protection against
sexually-transmitted
disease (condoms)
Not affected by vomiting
or malabsorption

Failure rate with typical
use
Increased UTIs
(diaphragm)
Genital ulceration and HIV
risk with spermicide use

Section 2: Prepregnancy Care

04
17:59:28



Venous Thromboembolism (VTE)
Use of the combined oral contraceptive pill approxi-
mately doubles the risk of VTE from an incidence of
3.01 per 10,000 women years in never or former users
to 6.29 per 10,000 women years in current users [23].
A higher estrogen content and the use of the proges-
togens desogestrel, gestodene and drospirenone are
associated with increased risk. An increased VTE risk
is evident even when women taking medication for
diabetes, heart disease, hypertension and hyperlipide-
mia are excluded from study data. Such an increase in
VTE risk is unacceptable for patients with a history of
VTE and for patients with lupus and either positive,
or unknown, antiphospholipid antibodies. Nephrotic
syndrome is not considered as a discrete entity in
either UK or international contraceptive guidelines,
presumably due to its rarity in the young female
population. However, nephrosis leads to urinary
losses of anticoagulants with a concomitant increase
in hepatic synthesis of procoagulants and a shift in the
hemostatic balance toward thrombosis.
The additional thrombotic risk of the combined pill
in the context of either sustained or remitting protei-
nuric disease needs to be considered and alternative
contraceptive methods should be prescribed.

Arterial Thrombosis
Meta-analysis data from the general population show
that current use of combined pills containing < 50μg
of ethinylestradiol confer a twofold risk of vascular
disease, including myocardial infarction and ischemic
stroke [24]. The vascular risk of combined pills means
they are contraindicated in established vascular dis-
ease. In addition, the risks of estrogen-containing
contraceptives outweigh any advantage in obesity
(BMI > 35 kg/m2), cigarette smoking, diabetes with

microvascular complications and patients with hyper-
tension, even when controlled on treatment. In CKD,
a reduced glomerular filtration and proteinuria are
both independent vascular risk factors and the exces-
sive cardiovascular mortality associated with end-
stage renal disease is well described. Of specific rele-
vance to the female population is a large prospective
cohort study that demonstrates an increased risk of
cardiovascular death in women with CKD stage 3 or
above, even in the absence of baseline cardiovascular
disease [25]. The vascular risk of estrogen-containing
contraceptives means that they cannot be recom-
mended for use in women with stage 3–5 CKD.

Cervical Cancer Risk
Although population data show that use of the com-
bined pill is protective against both ovarian and endo-
metrial cancer [4], an increased risk of cancer of the
cervix is recognized [26]. Cancer risk is relevant to the
transplant population who are exposed to an increased
lifetime risk of cancer as a product of long-term immu-
nosuppression. This includes an estimated fivefold risk
of cervical cancer, and there is concern that this risk
may be further increased by the concomitant use of an
estrogen-containing contraceptive. In addition, an
increased cancer burden is described in the dialysis
population, including an increased risk of all human
papilloma virus (HPV)-associated cancers [27].
The role of the HPV vaccine in reducing the risk of
cervical cancer in women with CKD is unknown.

Non-oral Combined Hormonal
Contraceptives
The transdermal combined patch (Evra®) and the
vaginal ring (NuvaRing®) utilize a combination of
estrogen and progestogen to inhibit ovulation in the

Table 3.2 (cont.)

Contraceptive Method Advantages Disadvantages

Sterilization Effective Irreversible
Operative risk

Fertility awareness methods High failure rate
Signs and symptoms
affected by medication

Lactational amenorrhoea Benefits of breast-feeding
for infant

Difficult to “diagnose”
postpartum amenorrhea
Finite time span
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same way as the combined oral contraceptive.
In addition, these non-oral methods suppress endo-
metrial growth and increase cervical mucous viscos-
ity, thereby inhibiting migration of the sperm to the
uterus. The combined patch adheres to the skin and is
changed weekly. The ring is placed into the vagina
with hormonal transport across the vaginal wall into
the bloodstream. The vaginal ring is worn for three
weeks followed by a one-week break. Both of these
contraceptive methods can be considered equivalent
to the combined pill in terms of efficacy, but have the
added advantage of being unaffected by nausea,
vomiting or gastrointestinal malabsorption. The use
of the vaginal ring has been described in renal patients
following transplantation without affecting bodymass
index, blood pressure, biochemical parameters or
immunosuppressive drug levels [28].

Data on the adverse effects of these non-oral meth-
ods are more limited than for the combined pill.
However, cohort data suggest an even higher risk of
venous thromboembolism with the combined patch
and vaginal ring than with the combined pill [29].
Myocardial infarction and ischemic stroke data are lim-
ited by the small number of users of these methods and
the rarity of these events in the population. In addition,
long-term data, including cancer association, are not yet
available. However, in the absence of these data, the
clinical considerations, cautions and contraindications
to the use of non-oral combined contraceptives should
be considered the same as the estrogen-containing pill.

Progesterone-Only Methods
Progesterone-only methods of contraception include
oral, parenteral and intrauterine progesterone deliv-
ery. The advantage of progesterone-only preparations
is their safety profile in patients for whom estrogens
are contraindicated. In the renal population, they can
be used in patients with venous thromboembolism
and thrombophilia, and in the context of hyperten-
sion, smoking and obesity.

Progesterone-Only Pill
Oral methods include a variety of formulations of the
progesterone-only pill. Most progesterone-only pills
provide contraception by thickening the cervical
mucous to prevent entry of sperm into the female
genital tract and making the endometrium less suita-
ble for implantation. Ovulation is not always inhib-
ited. Such preparations therefore depend upon

compliance within a three-hour window every day,
and therefore “typical-use” efficacy may be less than
with an estrogen-containing pill. Additional contra-
ceptive protection is needed if the woman is more
than three hours late taking her daily tablet as mucous
impermeability is considered lost 27 hours after tablet
intake. The exception to this is the desogestrel pill
(Feanolla®, Cerelle®, Cerazette®, Aizea®, Nacrez®),
which providesmore consistent inhibition of ovulation
even with a 12-hour delay in tablet re-dosing.

In relation to renal disease, a cohort study of two
progesterone-only oral contraceptive agents in 187
patients with systemic lupus including 23 percent
with renal disease, 9 percent with nephrotic syn-
drome and 29 percent with detectable antiphospho-
lipid antibodies showed that the use of the
progesterone-only pill did not increase the incidence
of lupus nephritis, and found the progesterone-only
pill to be an effective, well-tolerated contraceptive
method [30].

Parenteral Progesterone Methods
Parenteral methods of progesterone delivery include:

• Depo-Provera®: an intramuscular injection of
a long-acting progestogen repeated at 12 weekly
intervals

• Nexplanon®: a surgically placed implant inserted
under local anesthetic effective for three years

• Mirena®/Intrauterine system (IUS): Intrauterine
progesterone delivery via a slow-releasing
reservoir of levornorgestrel causing reversible
atrophy of the endometrium, effective for five
years (see also Intrauterine Devices).

Efficacy varies between these progesterone-only
methods. Injectable and intrauterine progesterone-only
contraceptives do not rely on daily compliance and
therefore have lower failure rates than both combined
and progesterone-only pills, even when “typical use” is
considered (see Table 3.1). Depo-Provera® requires re-
dosing every 12 weeks, but Nexplanon® and Mirena®
are longer-acting and have lower failure rates than ster-
ilization. Use of the levornorgestrel intrauterine system
carries an unintended pregnancy rate of 0.2 percent in
the first year of use, and the progestogen-based implant
0.05 percent [5]. In the United States, it is estimated that
if 10 percent ofwomen switched fromoral contraception
to these long-acting reversible methods, then medical
costs due to contraceptive user error would be reduced
by $288 m/year [31].

Section 2: Prepregnancy Care

04
17:59:28



Adverse Effects of Progesterone-Only
Methods
Progesterone-only preparations can lead to alteredmen-
strual bleeding patterns. The Mirena® IUS is beneficial
in reducing bleeding and is used in the management of
menorrhagia. In contrast, the progesterone-only pill and
the Nexplanon® implant can both exacerbate break-
through menstrual bleeding. For women with CKD,
this spectrum of effects needs to be considered in the
context of anticoagulation, lupus thrombocytopenia and
uremic bleeding. Desogestrel is an inactive prodrug that
is converted to active etonogestrel for its contraceptive
effect. This is the same progestogen as in Nexplanon®.
Desogestrel pills (Cerazette®, Cerelle®, Aizea®,
Nacrez®) can therefore be trialed to assess bleeding
effect before insertion of Nexplanon® if desired.

There are no absolute contraindications to the use of
progesterone-only methods of contraception. However,
depotmedroxyprogesterone (Depo-Provera®) has been
shown to be associated with a decrease in bone mineral
density,which is reversiblewithdiscontinuationof treat-
ment. Although the quality of evidence is insufficient to
determine whether this translates into an increased frac-
ture risk [32], this may be a consideration for renal
patients taking high-dose or long-term steroid therapy.
There are also conflicting and inconsistent data linking
synthetic progestogen use to an adverse lipid profile.
This includes a transient increase in low-density lipo-
protein (LDL) cholesterol [33]. The use of depot formu-
lations in vascular disease and complicated diabetes is
therefore not recommended in UK guidance [18].
However, to date, this finding remains a surrogate end
point and there is an absence of evidence that this
translates into a significant clinical effect.

Recent prospective data demonstrates an increase
in the relative risk of breast cancer with both oestro-
gen and progesterone-only contraceptive formula-
tions [34]. The absolute risk is higher for women
over the age of 40 for whom non-hormonal based
contraception (eg copper IUD) should be considered.

Intrauterine Devices (IUD)
Intrauterine devices (IUD) include both the progesto-
gen-releasing intrauterine system (IUS or Mirena®)
(see Progesterone-Only Methods) and the copper
IUD. The copper IUD works due to immobilization
of sperm and inhibition of fertilization. It is effective
for 10 years and is a very cost-effective contraception.

The copper IUD can also be used as an effective emer-
gency contraceptive device up to five days following
unprotected intercourse to prevent implantation [4].

In contrast to the Mirena®, which reduces men-
strual bleeding, the main side effect of the copper coil
is that it can increase menstrual flow by 30 percent
and cause dysmenorrhea [4]. For women with CKD,
this may be important for those with lupus thrombo-
cytopenia, those who require therapeutic anticoagula-
tion and those who are at risk of uremic bleeding.
In addition, a Cochrane review has recommended the
use of non-steroidal anti-inflammatory drugs as the
best management of IUD-associated menorrhagia
and dysmenorrhea [35], which are contraindicated
for most women with CKD.

There are no reports of intrauterine contraceptive
failure in renal transplant recipients in contemporary
literature. Although no studies have been performed to
specifically examine the efficacy of IUD in the renal
population, there is no clinical evidence to suggest an
excess of intrauterine contraceptive failure in women
with renal transplants [36]. This contrasts with
anhistorical report of IUD failure in two renal transplant
recipients more than 30 years ago [37]. The theoretical
concern presented at that time was that intrauterine
contraception was less effective in a patient maintained
on immunosuppressive therapy due to an attenuation of
the uterine inflammatory response that forms part of the
contraceptive mechanism. Such concern is now consid-
ered unfounded. It is recognized that macrophages play
the most important role in the uterine milieu and that
calcineurin inhibitors, antimetabolites and biological
agents, including basiliximab and daclizumab, which
act primarily via T-cell inhibition, are unlikely to affect
this process. In addition, steroid therapy is recognized to
increase macrophage activity via activation of macro-
phage migration inhibiting factor. In addition, the
Mirena® IUS does not have an immunological basis
for its action but utilizes endometrial inhibition and
cervical mucosal thickening. IUDs remain one of the
most effective contraceptive methods available and they
shouldnot bedenied to renal transplant recipients on the
basis of hypothesised, but unsubstantiated, biological
theory [38].

A second theoretical concern regarding the use of
intrauterine methods in the transplant population is
one of infection. However, small, retrospective studies
of renal transplant patients using the Mirena® IUS
have failed to show any cases of either pelvic infection
or unplanned pregnancy [39]. Large-scale studies
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have not been carried out in solid organ transplant
recipients, but data from patients who are immuno-
suppressed due to human immunodeficiency virus
(HIV) show no correlation between infectious com-
plications of IUDs and immune competence as mea-
sured by CD-4 count [40]. Observational evidence
indicates that IUDs do not increase the risk of pelvic
inflammatory disease unless they are inserted in
women with preexisting, untreated infection [4].
Although universal screening for gonorrhea and chla-
mydia is not recommended prior to IUD insertion,
screening can be considered for women taking immu-
nosuppressive medication [38].

The use of IUDs in the peritoneal dialysis population
remains understudied. Current advice is poorly
informed by historical, isolated case reports of peritoni-
tis in associationwith copper IUDuse in patients under-
going peritoneal dialysis [41]. Such anecdotal data
should be appropriately balanced with an understand-
ing of both the relative contraindications and typical use
failure rates of alternative contraceptive methods, and
the known risks of an unintended pregnancy.

Barrier Methods
Barrier methods of contraception include condoms,
cervical caps, diaphragms and sponges. They offer con-
venience and avoid the possibility of drug interaction. In
addition, condoms prevent the transmission ofHIV and
sexually transmitted infections. Their effectiveness
depends upon consistent and correct use by the patient
or her partner. Therefore, failure rates are variable and it
is important to consider their “typical-use” effectiveness
(see Table 3.1).

Both male and female condoms are available with
“typical-use” failure rates of 18 percent and 21 percent,
respectively [5]. For this reason, for women for whom
an unintended pregnancy would be unacceptable
either on health or personal grounds, sole use of
a barrier method is not an appropriate contraceptive
choice. Male and female condom use should not be
combined due to an increased chance of slippage of
both devices [38].

Diaphragms are thin, dome-shaped devices that lie
between the posterior fornix and pubic bone. Cervical
caps are smaller and fit directly over the cervix. Both
caps and diaphragms need to be sized appropriately for
the individual patient. They stay in place for six hours
after intercourse. Use of caps and diaphragms should
be combined with a spermicide in order to achieve
acceptable levels of efficacy [38]. The contraceptive

sponge covers the cervix in a similar manner to the
cap, but can be used without prior pelvic examination
and individual fitting. It is impregnated with
a spermicide that is activated when water is applied
before use. Efficacy of these female barrier methods,
even with “perfect use,” varies between 80–94 percent
with increased parity being a negatively contributing
factor. “Typical use” is even less effective, with 12–24
percent of women experiencing an unintended preg-
nancy in the first year of use [5].

An increased frequency of urinary tract infection
(UTI) has been associated with both diaphragm use
and the use of spermicide-coated condoms. This may
have relevance for women with CKD who experience
recurrent UTIs, especially following transplantation.
In addition, spermicides in the United Kingdom
contain nonoxinol-9 (N-9), which is associated with
epithelial disruption in the vagina and rectum with
repeated and high-dose use and may increase
transmission of blood-borne viruses. There is no evi-
dence that condoms lubricated with a spermicide pro-
vide a greater level of contraception than those
lubricated with a non-spermicidal agent, and so the
use of N-9–lubricated condoms cannot be recom-
mended [42].

Sterilization
Voluntary sterilization can be offered to all women
who understand the nature of the procedure, includ-
ing its low failure rate and effective irreversibility, in
combination with a certainty that they do not want
any more children. This may not be easy for either the
patient or consulting clinician to determine.
The probability of regret following sterilization has
been found to be higher for women sterilized before
the age of 30 compared to those older than 30 [43].
However, life events can also become sources of regret
in family-planning decisions [4]. Such life events can
be prevalent in the complex disease journey of the
renal patient who transitions from disease stability
to disease decline, renal replacement and, potentially,
in and out of transplantation.

Laparoscopic female sterilization can be asso-
ciated with increased risk for women with CKD, lar-
gely dependent on the severity of their underlying
disease. The requirement for an operative procedure
means that hypertension, diabetic control, bleeding
time, fluid balance and vascular risk are important
considerations in being able to provide an appropriate
level of perioperative and anesthetic care.
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Hysteroscopic sterilization is a less invasive alter-
native to standard operative sterilization and can be
performed as an outpatient procedure without the
need for anesthesia. A hysteroscope is used to place
micro inserts into the fallopian tubes, which induce
ingrowth, fibrosis and eventual blockage. Patients
must continue to use alternative, effective contracep-
tion for three months following the procedure and
wait until correct placement of the micro inserts is
confirmed by pelvic x-ray, transvaginal ultrasound or
hysterosalpingogram imaging. It is estimated that
10 percent of women will be unable to undergo the
procedure due to tubal spasm, occlusion or anatomi-
cal variation.

Based on the number of kits distributed world-
wide, pregnancy rates following hysteroscopic sterili-
zation are estimated to be 0.15 percent. When
compliance and misinterpretation of follow-up ima-
ging are factored out, pregnancy rates fall to two
pregnancies for every one million kits [44].
Hysteroscopic sterilization avoids the need for an
operative procedure in women with CKD.
If confirmation of tubal occlusion requires hystero-
salpingography, then contrast volume will be small
with almost immediate drainage from the uterus upon
conclusion of the radiographic procedure [45].
Although concurrent immune suppression is not an
absolute contraindication to hysteroscopic steriliza-
tion, manufacturers of the different available micro
inserts generally caution against its use due to
a theoretical concern that the tissue response that
leads to tubal occlusion will be inhibited by immuno-
suppressive therapy. However, isolated case reports of
successful hysteroscopic sterilization exist in women
with renal transplants [46].

Fertility Awareness Methods
Fertility awareness–based methods of contraception
require identification of the fertile days of the men-
strual cycle through monitoring of cycle days, cervical
secretions or basal body temperature. This is then
combined with either abstinence or barrier methods
within the fertile window. Studies of these methods
are not methodologically robust and are poorly
reported [47], but fertility awareness is estimated to
result in 24 percent of women experiencing an unin-
tended pregnancy within a year [5]. Drugs that affect
cycle regularity, cycle hormones and fertility signs and
symptoms will further reduce the contraceptive effi-
cacy of these methods. For the renal patient, relevant

drugs include steroids, cytotoxic medications, antide-
pressants and lithium. Couples using fertility
awareness–based methods should be counseled that
there is little evidence that these methods are effective
and that the typical use failure rate is high. Other
contraception options should be offered.

Lactational Amenorrhea
Lactational amenorrhea utilizes a physiological birth
spacing tool. Breastfeeding an infant inhibits gonado-
trophin release and suppresses ovulation. In order to
ensure a sufficient contraceptive effect, the baby must
be exclusively breastfed and the mother should be
amenorrheic, both within six months of childbirth.
When applied correctly, this is estimated to be 98 per-
cent effective as a contraceptive method [4]. However,
this contraceptive approach is largely promoted only
when other forms of contraception are unavailable.
As a form of contraception, it is limited both by the
inherent difficulties in “diagnosing” amenorrhea in the
postpartum period, particularly in those with advanced
CKD and by its finite timespan. A Cochrane review of
lactational amenorrhea for family planning concluded
that a wiser approach to the postpartum period would
be to encourage breastfeeding and, in addition, to
motivate the mother to use an alternative form of
contraception if contraception is required [48].

Emergency Contraception
Themostwidely used emergency contraceptive contains
levonorgestrel at either a single high dose of 1,500μg, or
two doses of 750μg taken 12 hours apart, within a 72-
hour window of unprotected sexual intercourse.
As a progesterone-only preparation there are no contra-
indications to use in renal disease, hypertension, coagu-
lopathy and lupus. In addition, there is no evidence of
an associated increase in cardiovascular risk [18].

The copper IUD can also be used as an emergency
contraceptive device and is effective up to five days
post-coitus (see Intrauterine Devices) [4].

Drug Interactions
Patients with renal disease can be prescribed a variety
of different long-term and short-term medications.
The interaction between these drugs and patients’
contraceptive choice needs to be appreciated by all
prescribing clinicians. Reassuringly, drugs that are
commonly prescribed to women with CKD are con-
sidered to have a clinically insignificant effect on
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contraceptive efficacy. The inverse effect whereby
contraception affects other drugs prescribed to
women with CKD is already encompassed in the
routine clinical surveillance, namely monitoring of
blood pressure, potassium, fluid state and calci-
neurin inhibitor levels. Drug interactions of particu-
lar relevance to the nephrologist are outlined in
Table 3.3.

Conclusion
Contraceptive counseling is important for all women in
their childbearing years, including women with CKD,
yet there is a paucity of evidence that contraceptive

counseling is being routinely and comprehensively pro-
vided for women with CKD. Unintended pregnancies
occur in women with CKD despite the recognized risk
of adverse pregnant outcomes. Safe and effective con-
traceptive advice should be offered to all women of
childbearing age with CKD. This must include those
women with the highest risk of adverse outcome in the
event of an unintended pregnancy such as women with
advanced or progressive CKD, women on dialysis,
womenwith active glomerulonephritis and women tak-
ing teratogenic medication including ACE-inhibitors,
angiotensin antagonists, mycophenolate mofetil and
cyclophosphamide.

Table 3.3 Interactions between renal drugs and contraception. Adapted from [49,50].

Class of Drug Effect/Interaction Effect on Contraceptive
Efficacy

Recommendations

Antihypertensives May be antagonized by
combined contraceptives

None expected Monitor BP

Diuretics 1. Estrogens may antagonize
diuretic effect

None expected Monitor serum potassium
and fluid balance

2. Theoretical risk of
hyperkalemia when
potassium sparing
diuretics are used with
drospirenone

Statins Minor to moderate
increase in
ethinylestradiol. Clinical
significance unknown.
Effect likely to be small.

None

Antidiabetic drugs Estrogens and progestogens
antagonize hypoglycemic
effect

Monitor blood glucose

Immunosuppressants 1. Plasma levels of tacrolimus
possibly increased by
ethinylestradiol,
gestodene and
norethisterone

Tacrolimus theoretically
inhibits metabolism of
estrogens and
progestogens. Clinical
significance unknown.
Effect likely to be small.

Monitor tacrolimus and
ciclosporin levels.

2. Ciclosporin levels possibly
increased by estrogens
and progestogens –
unconfirmed and
uncertain clinical
significance

Proton-pump
inhibitors and H2
receptor blockers

Increased gastric pH
theoretically reduces
absorption of ulipristal
acetate

Reduced efficacy of
ulipristal acetate

Use alternative
emergency
contraception
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A wide range of contraceptive options is available
for women with CKD. Women with CKD should be
given advice about the efficacy of eachmethod includ-
ing “typical use” failure rates, which may be very
different and less acceptable to women than the failure
rates associated with “perfect use.”

Safe and effective reversible forms of contraception
that can be used in all women with CKD include the
progesterone-only pill with an extended re-dosing win-
dow (Cerazette®, Cerelle®, Aizea®, Nacrez®), the
contraceptive implant (Nexplanon®) and the intrau-
terine system (Mirena®). Emergency contraception
can also be safely prescribed. For other methods,
potential side effects, “typical-use” failure rates, antici-
pated length of use and acceptability should be consid-
ered on an individual basis. Non-hormonal methods
should be considered for women over the age of 40
years.

References
1. Wellings K, Jones KG, Mercer CH, et al. The prevalence

of unplanned pregnancy and associated factors in
Britain: Findings from the third national survey of
sexual attitudes and lifestyles (natsal-3). Lancet 2013,
382: 1807–1816.

2. Montouchet C, Trussell J. Unintended pregnancies in
England in 2010: Costs to the National Health Service
(NHS). Contraception 2013, 87: 149–153.

3. Shah PS, Balkhair T, Ohlsson A, et al. Intention to
become pregnant and low birth weight and preterm
birth: A systematic review. Matern Child Health J 2011,
15: 205–216.

4. Amy JJ, Tripathi V. Contraception for women:
An evidence based overview. BMJ 2009; 339: b2895.

5. Trussell J. Contraceptive failure in the United States.
Contraception 2011, 83: 397–404.

6. Williams D, Davison J. Chronic kidney disease in
pregnancy. BMJ 2008, 336(7637): 211.

7. Baines LA, Smith MC, Davison JM, et al. Estimating the
need for prepregnancy care in women with chronic
kidney disease (CKD). Archives of Disease in Childhood –
Fetal and Neonatal Edition 2011, 96(S1): Fa107.

8. Hladunewich M, Hercz AE, Keunen J, et al. Pregnancy
in end stage renal disease. Semin Dial 2011, 24: 634–639.

9. Shahir AK, Briggs N, Katsoulis J, et al. An observational
outcomes study from 1966–2008, examining pregnancy
and neonatal outcomes from dialysed women using data
from the ANZDATA registry. Nephrology (Carlton)
2013, 18: 276–284.

10. Kimmel PL, Patel SS. Psychosocial issues in women with
renal disease. Adv Ren Replace Ther 2003, 10: 61–70.

11. Stratta P, Canavese C, Quaglia M. Pregnancy in patients
with kidney disease. J Nephrol 2006; 19(2): 135–143.

12. The Renal Association. UK renal registry: The 17th
annual report. The Renal Registry, Bristol, Dec 2014.

13. Bramham K, Nelson-Piercy C, Gao H, et al. Pregnancy
in renal transplant recipients: A UK national cohort
study. Clin J Am Soc Nephrol 2013, 8: 290–298.

14. Yildirim Y, Uslu A. Pregnancy in patients with
previous successful renal transplantation.
Int J Gynaecol Obstet 2005, 90: 198–202.

15. Xu L, Yang Y, Shi JG, et al. Unwanted pregnancy
among Chinese renal transplant recipients. Eur
J Contracept Reprod Health Care 2011, 16(4): 270–276.

16. Guazzelli CA, Torloni MR, Sanches TF, et al.
Contraceptive counseling and use among 197 female
kidney transplant recipients. Transplantation 2008, 86
(5): 669–672.

17. Ghazizadeh S, Lessan-Pezeshki M, Khatami M, et al.
Unwanted pregnancy among kidney transplant recipients
in Iran. Transplant Proc 2005, 37(7): 3085–3086.

18. Faculty of Sexual and Reproductive Healthcare. UK
medical eligibility criteria for contraceptive use. Royal
College of Obstetricians and Gynaecologists, England,
2009.

19. Gallo MF, Nanda K, Grimes DA, et al. 20 μg versus
> 20 μg estrogen combined oral contraceptives for
contraception. Cochrane Database Syst Rev 2013, 8:
CD003989.

20. Grandi G, Xholli A, Napolitano A, et al. Prospective
measurement of blood pressure and heart rate over
24 h in women using combined oral contraceptives
with estradiol. Contraception 2014, 90(5): 529–534.

21. Pietrzak B, Bobrowska K, Jabiry-Zieniewicz Z, et al.
Oral and transdermal hormonal contraception in
women after kidney transplantation. Transplant Proc
2007, 39(9): 2759–2762.

22. Pechère-Bertschi A, Maillard M, Stalder H, et al. Renal
hemodynamic and tubular responses to salt in women
using oral contraceptives. Kidney Int 2003, 64(4):
1374–1380.

23. Lidegaard O, Lokkegaard E, Svendsen AL. Hormonal
contraception and risk of venous thromboembolism:
National follow up study. BMJ 2009, 339: b2890.

24. Baillargeon JP, McClish DK, Essah PA, et al.
Association between the current use of low-dose oral
contraceptives and cardiovascular arterial disease:
A meta-analysis. J Clin Endocrinol Metab 2005, 90(7):
3863–3870.

25. Kurth T, de Jong PE, Cook NR, et al. Kidney function
and risk of cardiovascular disease and mortality in
women: A prospective cohort study. BMJ 2009, 338:
b2392.

Chapter 3: Contraception in Women with Renal Disease

35
04

17:59:28



26. Appleby P, Beral V, Berrington de González A,
et al. Cervical cancer and hormonal contraceptives:
Collaborative reanalysis of individual data for
16,573 women with cervical cancer and 35,509
women without cervical cancer from 24
epidemiological studies. Lancet 2007, 370
(9599):1609–1621.

27. Skov Dalgaard L, Fassel U, Østergaard LJ, et al. Risk of
human papillomavirus-related cancers among kidney
transplant recipients and patients receiving chronic
dialysis – an observational cohort study. BMC Nephrol
2013, 14: 137.

28. Paternoster DM, Riboni F, Bertolino M, et al.
The contraceptive vaginal ring in women with renal
and liver transplantation: Analysis of preliminary
results. Transplant Proc 2010, 42(4): 1162–5.

29. Lidegaard O, Nielsen LH, Skovlund CW,
Løkkegaard E. Venous thrombosis in users of non-oral
hormonal contraception: Follow-up study, Denmark
2001–10. BMJ 2012, 344: e2990.

30. Chabbert-Buffet N, Amoura Z, Scarabin PY, et al.
Pregnane progestin contraception in systemic lupus
erythematosus: A longitudinal study of 187 patients.
Contraception 2011, 83(3): 229–237.

31. Trussell J, Henry N, Hassan F, et al. Burden of
unintended pregnancy in the United States:
Potential savings with increased use of long-acting
reversible contraception. Contraception 2013, 87(2):
154–161.

32. Lopez LM, Grimes DA, Schulz KF, et al. Steroidal
contraceptives: Effect on bone fractures in women.
Cochrane Database Syst Rev 2014, 6: CD006033.

33. Berenson AB, Rahman M, Wilkinson G. Effect of
injectable and oral contraceptives on serum lipids.
Obstet Gynecol 2009, 114(4): 786.

34. Morch LS, Skovlund CW, Hannaford PC et al.
Contemporary hormonal contraception and the risk
of breast cancer. NEJM 2017, 377:2228–2239.

35. Grimes DA, Hubacher D, Lopez LM, et al. Non-
steroidal anti-inflammatory drugs for heavy bleeding
or pain associated with intrauterine-device use.
Cochrane Database Syst Rev 2006(4): CD006034.

36. Krajewski CM, Geetha D, Gomez-Lobo V.
Contraceptive options for women with a history of
solid-organ transplantation. Transplantation 2013, 95
(10): 1183–1186.

37. Zerner J, Doil KL, Drewry J, et al. Intrauterine
contraceptive device failures in renal transplant
patients. J Reprod Med 1981, 26(2): 99–102.

38. Estes CM, Westhoff C. Contraception for the
transplant patient. Semin Perinatol 2007, 31(6):
372–377.

39. Ramhendar T, Byrne P. Use of the
levonorgestrel-releasing intrauterine system in renal
transplant recipients: A retrospective case review.
Contraception 2012, 86(3): 288–289.

40. Morrison CS, Sekadde-Kigondu C, Sinei SK, et al.
Is the intrauterine device appropriate contraception
for HIV-1-infected women? BJOG 2001, 108(8):
784–790.

41. Plaza MM. Intrauterine device-related peritonitis in
a patient on CAPD. Perit Dial Int 2002, 22: 538.

42. Faculty of Sexual and Reproductive Healthcare. Barrier
methods for contraception and STI prevention. Royal
College of Obstetricians and Gynaecologists, England,
Aug 2012.

43. Hillis SD, Marchbanks PA, Tylor LR, et al.
Poststerilization regret: Findings from the United
States collaborative review of sterilization. Obstet
Gynecol 1999, 93(6): 889–895.

44. Munro MG, Nichols JE, Levy B, et al. Hysteroscopic
sterilization: 10-year retrospective analysis of
worldwide pregnancy reports. J Minim Invasive
Gynecol 2014, 21(2): 245–251.

45. Widmark JM. Imaging-related medications: A class
overview.Proc (Bayl UnivMedCent) 2007, 20(4): 408–17.

46. Speir VJ, Razmara A, Saberi NS. Hysteroscopic
sterilization in an immunosuppressed patient. J Minim
Invasive Gynecol 2012, 19(3): 391–392.

47. Grimes DA, Gallo MF, Grigorieva V, et al. Fertility
awareness-based methods for contraception. Cochrane
Database Syst Rev 2004(4): CD004860.

48. Van der Wijden C, Kleijnen J, Van den Berk T.
Lactational amenorrhea for family planning. Cochrane
Database Syst Rev 2003(4): CD001329.

49. Turner, Goldsmith, Himmelfarb, Lameire, Remuzzi,
Winearls eds. Oxford textbook of nephrology. 4th edn.
Oxford University Press, Oxford, 2015 [in press].

50. Faculty of Sexual and Reproductive Healthcare. Drug
interactions with hormonal contraception. Royal College
of Obstetricians and Gynaecologists, England, Jan 2012.

Section 2: Prepregnancy Care

04
17:59:28



Chapter

4
Assisted Reproduction in Women with
Renal Disease
Jason Waugh and Ian Aird

Introduction
Nearly 40 years ago when Louise Brown was born,
history was made as the first child conceived
through in vitro fertilization was delivered [1].
It is perhaps just as important to note that in
2018 it will be 60 years since the first child was
born to a woman who had received a renal trans-
plant [2]. There can be no doubt that advances in
medical care have dramatically improved the quality
of life and life expectancy of women with chronic
kidney disease (CKD). With these changes have
come improvements in fertility and as such it is
now necessary to consider prepregnancy counseling
for all women with CKD of reproductive age. For
most women, this counseling will center on a risk
assessment for pregnancy, a discussion about the
likely outcomes of a pregnancy based on this risk
assessment and then a consideration as to the tim-
ing of pregnancy, with advice being given regarding
contraception, prepregnancy optimization of both
renal function and general prepregnancy dietary
supplementation, and other factors such as smoking
cessation (see Chapters 2 and 3).

At the same time as advances have been seen in the
medical management of CKD, women will be aware
of improvement in the management of subfertility,
with many of these services being available through
publicly funded healthcare systems or being afford-
able to many women through the private medical
system.

It is therefore relevant to bring together in this
chapter some of the issues that relate to the manage-
ment of subfertility in women with renal disease.
There will also be a small number who will seek advice
on subfertility where there are other factors such as
tubal occlusion or male factor infertility where, in the
presence of mild or mild/moderate renal impairment,
prepregnancy counseling may be similar to that for
those couples who are planning for spontaneous
conception.

Additional advice will be necessary regarding
complications of assisted reproduction treatments
(ART). Recent developments within the field of ART
have led to strategies to reduce the risk of complica-
tions associated with these treatments – namely mul-
tiple pregnancy and ovarian hyperstimulation
syndrome – the consequences of which will be very
much more significant in women with impaired renal
function.

Sexual Dysfunction in CKD
In 1999, 41,056 women commenced therapy for end-
stage renal disease (ESRD) in the United States, and
this is just the tip of the iceberg compared with the
estimated 6 million people in the United States with
reduced renal function who are often unaware of this
as they remain completely asymptomatic [3, 4]. Of the
ESRD population, approximately 30 percent have
a functioning renal transplant, and this group may
well have seen their renal function improve signifi-
cantly [5].

Sexual dysfunction has been found to be signifi-
cantly more common in women (and men) with CKD
than in the general population [6]. Fifty-five percent
of female dialysis patients report difficulty with sexual
arousal [7]. Dysmenorrhea, delayed sexual develop-
ment, impaired vaginal lubrication, dyspareunia and
difficulties reaching orgasm are also frequently
observed [8, 9].

Disturbances in the Hormonal Milieu
The detailed abnormalities that occur within the
hypothalamic-pituitary-ovarian axis in women with
CKD are not fully understood. There is evidence for
abnormalities at both the hypothalamic and pituitary
levels. Inappropriate cyclical release of gonadotro-
phin-releasing hormone (GnRH) from the hypotha-
lamus leads to loss of normal pulsatile luteinizing
hormone (LH) release by the pituitary, which, in
turn, leads to impaired ovulation. The exact cause of
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the abnormal cyclical release of GnRH is unclear.
Possible etiologies include raised levels of prolactin
and endorphins or reduced clearance of GnRH
and LH by the kidney leading to abnormally high
levels [10].

Little is understood about the hormonal milieu in
men and women with ESRD. Changes to dialysis regi-
mens as well as the concomitant use of erythropoietin
(EPO) have added to the variation seen in studies in
this area over the past 30 years. Early reports sug-
gested that fewer than 10 percent of premenopausal
women on dialysis have regular menstruation [11]
(and probably ovulation), but later surveys have sug-
gested menstruation rates of up to 42 percent [12].
There are no recent studies on ovulatory patterns in
women on dialysis. Early studies reported anovula-
tory patterns in general and the presumedmechanism
for this is a loss of the cyclic components of gonado-
trophin secretion that are a feature of women with
normal renal function. The low levels of estradiol and
the loss of the pre-ovulatory peak in LH and estradiol
are similar to patterns seen in anovulatory women
without ESRD. While a disturbance in the positive
feedback pathway of estradiol is almost certain, as
supplementing exogenous estrogen fails to invoke an
LH surge, an acquired hypothalamic defect in women
with ESRD has been suggested and is supported by the
loss of the LH surge and persistently low progesterone
levels [11].

Of interest, clomifene, a competitor for estrogen at
the hypothalamus, increases LH and FSH, suggesting
that the hypothalamus can respond to LH-releasing
hormone in women with CKD. This would support
the view that a defect at the hypothalamic level exists
with an intact negative feedback of gonadotrophin
release by low-dose estradiol contributing to the ano-
vulatory mechanisms in these women [13].

Elevated levels of endogenous endorphins second-
ary to reduced renal clearance in ESRD have also been
implicated as they are also known to inhibit gonado-
trophin release [14].

The view that the negative feedback loop is intact
is further supported by the observation that in post-
menopausal women on dialysis, FSH and LH levels
are “normal” (the same as postmenopausal women
without ESRD). What is unknown is why the meno-
pause tends to occur earlier in women with ESRD
[15].

Elevated prolactin concentrations are commonly
observed in patients with ESRD and this appears to be

autonomous as it is resistant to interventions
designed to inhibit or stimulate its release. This may
contribute to hypothalamic-pituitary dysfunction as
similar presentations are seen in women with elevated
prolactin levels who do not have ESRD. The difference
for women with ESRD is that when treated with
bromocriptine, they may normalize their prolactin
levels, but they will rarely resume normal menses
and may continue to have galactorrhea [16].

More detailed studies in this area are required to
explore these pathways and to elucidate the mechan-
isms for anovulation and menstrual disorders in
ESRD as therapeutic interventions might significantly
improve quality of life for dialysis patents.

Psychosocial Issues
Treatment of ESRD can result in stresses from many
sources. For a woman, the illness may limit functional
capacity, which means she may be prevented from
fulfilling the role she both desires and believes she is
capable of. This will include impaired libido and sex-
ual and reproductive function, but does go further to
include dietary restrictions and the physical limita-
tions and time constraints of long-term dialysis treat-
ment. While many women adapt to these challenges
and lead successful and happy lives, marital discord
and family dysfunction can result [17].

Depression and Psychiatric Morbidity
While large epidemiological studies are lacking,
depression is widely recognized as the most common
psychiatric morbidity in ESRD. It affects womenmore
than men and reported rates of hospitalization are as
high as 10 percent for psychiatric disease [18].

Marital and Family Issues
Marital disruption is relatively common in couples
where one individual has ESRD, especially if on
hemodialysis. This has been reported in up to 50 per-
cent of cases [19] and would appear to be unrelated to
levels of renal impairment or associated depressive
symptoms. However, it is common (in up to 25 per-
cent) to find associated depressive symptoms in the
spouse of a patient with ESRD (see later in this chap-
ter) [20]. It has also been reported by Berkman, Katz
and Weissman [21] that, for women having home
dialysis, the finding of high rates of sexual dysfunction
do not correlate well with marital problems and many
couples were comparable with the general population
in terms of marital and social adaptation.

Section 2: Prepregnancy Care
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A Word on Men
While the issues of pregnancy will be restricted to
women, much of the psychological morbidity asso-
ciated with ESRD and its management is not. Men
may be involved in this process in three ways.

• They may be the principal carer for a woman with
ESRD. This role has been associated with a high
rate of psychological morbidity and depressive
symptoms are common. The additional burden of
the risks associated with assisted conceptionmight
precipitate more problems with the result being
either marital or family breakdown. Husbands of
women with CKD have been reported as showing
greater levels of stress and anxiety than the women
themselves [22].

• It is possible that the consultation regarding
pregnancy and assisted conception will be with
a woman who is well but whose partner has ESRD.
While it is recognized that depressive symptoms in
a female carer are fewer than in a male carer, it
should be remembered that the marital and family
setting will be complex and very different from the
clinician’s perception of the norm [23]. There may
be many issues present for this woman that will
need exploration ahead of embarking on a long
course of investigation and treatment.

• It is possible that both partners in the relationship
might have some degree of renal impairment or
even ESRD: the social contact associated with
regular dialysis has on occasion led to
relationships being established.

Sexual dysfunction in men is extremely common
in ESRD. In brief, erectile dysfunction has been
reported in up to 70 percent [24]. Reduced libido
and difficulty reaching orgasm are also frequently
reported in men with CKD [25].

ESRD is also associated with impaired spermatogen-
esis and testicular damage resulting in oligospermia
with lowmotility or azoospermia. There is also impaired
endocrine function in the testis with low total and free
testosterone [26]. Add to this abnormal prolactin meta-
bolism with elevated levels and gynecomastia in 30 per-
cent of men [27], and the psychological morbidity
common to ESRD and the problem can be very com-
plex, especially if both partners have the disease.

The Ethics of Pregnancy in ESRD
In the past 50 years thousands of women around the
world with ESRD who have received a transplant have

had successful pregnancies [28]. As well as the kidney
transplant population, there are well-documented ser-
ies of pregnancies following other organ transplants,
and while these numbers can only be expected to grow,
the issue of subfertility in women with primary organ
failure will sometimes not wait until transplantation
“cures” their infertility and they can conceive sponta-
neously. Fifty percent of reported pregnancies in trans-
planted populations are unplanned. When counseling
women with ESRD regarding pregnancy, three ques-
tions should be considered: “What effect will preg-
nancy or fertility treatment have on my disease?”;
“What effect will my disease have on my pregnancy
or fertility treatment?”; and “What issues particularly
relate to the child who might be born after my preg-
nancy?” There is now a wealth of data that can be
drawn upon to discuss risk for this group of women,
and some of these issues are worthy of expansion,
especially when taken to the extreme of a woman who
is considering fertility treatment despite the associated
risks to and from her underlying disease.

What Effect Will Pregnancy or Fertility
Treatment Have on My Disease?
The outcome from pregnancy in women with CKD of
varying degrees of severity is covered in Chapters 2
and 5. Suffice it to summarize that worsening renal
function is associated with worsening outcomes for
both mother and fetus, with permanent loss of resi-
dual renal function being likely and in proportion to
the degree of impairment at conception. As suggested,
and as has been confirmed in the literature, successful
transplantation often restores both normal function
and fertility, and this is discussed as a treatment mod-
ality for subfertility later in this chapter.

What Effect Will My Disease Have on
My Pregnancy or Fertility Treatment?
There is approximately a 70 percent live birth rate for
pregnancies spontaneously conceived in women who
have received a transplant. The figure is less for those
on hemodialysis (HD) or peritoneal dialysis (PD), and
exact figures for specific renal conditions vary.
In proportion to the degree of impairment, increasing
rates of pregnancy loss (12 percent), preterm delivery
(45–60 percent), hypertension, preeclampsia (up to
30 percent) and intrauterine growth restriction
(20–30 percent) are seen [28]. At the extreme end of
the spectrum of renal disease are women on dialysis
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where pregnancy complications are almost universal
when pregnancy does occur [29].

What Issues Particularly Relate to the Child
Who Might Be Born after My Pregnancy?
This is a complex ethical area. First, there are phar-
macological considerations from fetal exposure to
immunosuppressive agents in mothers who have
been transplanted. While birth defects in women on
established immunosuppressants would appear to be
similar to background rates, concerns remain with
newer agents such as mycophenolate mofetil [30].
The potential from intrauterine exposure for pro-
blems in childhood or adult life such as autoimmune
disease, cancer or infertility is yet to be fully evaluated.

Babies born preterm have significant risk of long-
term disability and the additional effect of being born
to a transplanted mother is not known [31]. This
knowledge has to be evaluated against a background
of a potentially shorter life expectancy for the mother
dependent upon her primary disease. This raises
a number of additional questions.

Is Pregnancy Ethically Wrong?
From the child’s perspective, the answer is “probably
not,” as there is no guarantee that any parent will
remain healthy while a child grows to adulthood.
However, clinicians do have an obligation to raise
such concerns so that women can consider issues
such as who would help rear a child with developmen-
tal problems and who could take over as a primary
carer in the event of the mother’s death. According to
the Human Fertilisation and Embryology Authority
(HFEA) code of practice, it is essential that, prior to
commencing fertility treatment, the treating clinic take
into account the welfare of any child who may be born
as a result of that treatment (including the need of that
child for supportive parenting) [32].

Who Is the Patient?
Pregnant women can refuse treatment if they so
choose, but most will often choose to take additional
risks for the sake of the fetus. Complicated
risk–benefit evaluations of different treatment regi-
mens need to be considered and discussed with
women, but no woman can be compelled to act in
the best interest of her fetus even by the courts.

Should Women Receive a Further Transplant if Their
Primary Transplant Deteriorates as a Result of
Pregnancy?
Ethicists have discussed this issue and continue to do
so. Some argue that it should not be possible to receive
a second organ while others have not received a first;
some argue that it is unethical to receive a second
organ if you have lost the first owing to “voluntary
risk taking,” and some would include pregnancy with
deteriorating renal function in this group [33]. This
particular argument fails morally as organ failure is
multifactorial and pregnancy has only a part to play in
this process. Veatch [34] suggests treatment based on
present need, urgency and need over a lifetime, thus
prioritizing younger women who would have fewer
quality-adjusted life years (QALYs) without trans-
plantation than an elderly patient awaiting a first
transplant.

What Treatments Should Be Offered for
Infertility?
As discussed, the transition from ESRD on dialysis
to post-transplant stability could be viewed as treat-
ment of infertility, as fecundity rates improve to
such a degree post transplantation that urgent con-
traceptive advice is required following transplanta-
tion to prevent unwanted/unplanned pregnancy.
However, advice on infertility will still be sought
by some women for whom this remains an issue.
Their options include assisted conception, adoption
or a decision not to have a family. Does a woman
have a right to become a parent? Lainie Ross [35]
explores this question of rights in today’s society.
The right not to become a parent (a negative right)
is clear through the right to contraception and
abortion, but the positive right to become
a parent is less clear. Article 16 (1) of the Human
Rights Act states, “men and women of full age,
without any limitation due to race, nationality or
religion, have the right to marry and to found
a family.” The right to conceive applies only to
spontaneous conception, and assisted reproduction
programs retain the right to restrict access if the
best interests of the resulting child would be com-
promised [32]. Whether they choose to enforce this
is variable and often regulations are dependent
upon the host nation state.

Section 2: Prepregnancy Care
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Pharmacology of Assisted Conception

Clomifene Citrate
As described earlier, clomifene citrate may be pre-
scribed in women with infertility and associated
renal disease.

The indications are likely to be coincident condi-
tions causing subfertility through anovulation, the
most common cause of which is polycystic ovarian
syndrome (PCOS).

Clomifene acts by inducing gonadotrophin release
by antagonizing estrogens in the hypothalamus and
disrupting feedbackmechanisms. Chorionic gonadotro-
phin has been used as an adjunctive therapy. Women
with ESRD on dialysis are unlikely to benefit from
clomifene despite hypothalamic sensitivity (see earlier
in this chapter).

Clomifene is mainly excreted via the fecal route
with only 8 percent being excreted via the kidney; as
such, there are no reported contraindications in rela-
tion to renal disease.

Adverse effects include ovarian hyperstimulation
syndrome (OHSS). A review ofmore than 8,000 cycles
of clomifene therapy reported that OHSS occurred in
13.5 of cycles with only sporadic reports of moderate
and severe forms of the condition [36]. OHSS is dis-
cussed further in what follows.

Multiple pregnancy, the importance of which can-
not be overemphasized, occurs in approximately
10 percent of cycles and the majority of these are
twin pregnancies. For this reason, the recently
updated National Institute of Health and Clinical
Excellence (NICE) guideline for the management of
fertility recommends the offer of ultrasound monitor-
ing during at least the first cycle of treatment to reduce
the risk of multiple pregnancy [37]. In patients with
CKD, we would argue that it is mandatory for every
cycle of treatment to be monitored and cycles where
there is more than one mature follicle should be
abandoned. Less severe but more common problems
of clomifene therapy include breast tenderness, nau-
sea, vomiting and headaches.

According to NICE, the options for women who
are resistant to clomifene include laparoscopic ovarian
drilling, combined treatment with clomifene and met-
formin or treatment with gonadotrophins. Metformin
may be contraindicated in women with CKD due to
the risk of lactic acidosis; the British National
Formulary (BNF) recommends avoidance of metfor-
min if eGFR is less than 30 ml/min/1.73 m2 to the risk.

Aromatase inhibitors have recently been proposed
as an alternative for anovulatory women resistant to
clomifene. Aromatase inhibitors induce ovulation by
blocking estrogen biosynthesis, thereby reducing
negative estrogenic feedback at the pituitary.
The most studied aromatase inhibitor for ovulation
induction is letrozole. It should be emphasized that
aromatase inhibitors are not currently licensed for use
in ovulation induction. However, they have certain
potential advantages over clomifene, particularly for
women with CKD; these include: a higher rate of
monofollicular development, which should theoreti-
cally reduce the risk of multiple pregnancy, no direct
anti-estrogenic effects on the endometrium or cervical
mucus, due to an absence of peripheral estrogen
blockade and a shorter half-life, which would predict
a lower risk of teratogenicity.

Gonadotrophins

Follicle-Stimulating Hormones and Luteinizing Hormone
These are available as purified extracts from human
postmenopausal urine (Menotrophins e.g. Merional or
Menopur [75 units FSH, 75 units LH] or Follitropin
e.g. Fostimon [75 units FSH]) or as recombinant pre-
parations (Gonal-F, Puregon [FSH], Luveris [LH]).

The indications for gonadotrophin therapy
include the treatment of women with proven hypogo-
nadotropic hypogonadism, hypopituitarism, those
who do not respond to clomifene citrate and for con-
trolled ovarian stimulation in assisted reproduction
treatments (ART). The most significant adverse
effects are OHSS (discussed later in this chapter) and
multiple pregnancy from the resultant ART cycle.

Again, women are often troubled by nausea and
vomiting and venous thromboembolic events have
been described. There are no data related to the use
of these drugs in women with significant renal impair-
ment, although it is likely that women with a reduced
glomerular filtration rate (GFR) and/or creatinine
clearance or women with nephrotic syndrome would
be more susceptible to complications. Approximately
10 percent of these hormones are excreted through
the kidney unchanged and so plasma levels may be
elevated if renal function is compromised.

Human Chorionic Gonadotrophin
Human chorionic gonadotrophin (hCG) is given in
superovulatory cycles for intrauterine insemination
(IUI) to mimic the LH surge and promote ovulation.
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In in vitro fertilization (IVF) cycles, it is given as a
precursor to egg collection to induce final oocyte
maturation. It is also given to support the luteal phase
after embryo transfer.HCG is available asChoragon and
Pregnyl, which are purified urinary-derived products,
and Ovitrelle, which is a recombinant preparation.
Exposure to hCG appears to be a critical “trigger” in
the development of OHSS in women who have been
previously exposed to gonadotrophins. Choragon and
Pregnyl carry a warning against their use in renal
impairment.

Gonadotrophin-Releasing Hormone Agonists
The gonadotrophin-releasing hormone agonists
buserelin goserelin, nafarelin and leuproelin are used
to downregulate the gonadotrophin-releasing hor-
mone receptors, thus switching off endogenous FSH
and LH and both preventing premature ovulation and
promoting multiple follicle development. Removal of
endogenous LH and FSH activity also allows for easier
cycle planning, which facilitates management of the
IVF laboratory workload.

Adverse Effects
The most significant adverse effects are hypertension,
edema, altered blood lipids, bone demineralization
and fluid retention. These drugs carry a warning
against their use in women with renal impairment.
Downregulation of the pituitary gland prior to ovar-
ian stimulation also leads to a larger cohort of follicles
being stimulated to develop, which in turn increases
the risk of ovarian hyperstimulation syndrome.

Gonadotrophin-Releasing Hormone Antagonists
Gonadotrophin-releasing hormone antagonists,
including ganirelix and cetrorelix, are a relatively
new introduction to IVF treatments. They have an
advantage over GnRH agonists in that they do not
need to be given before ovarian stimulation and
they therefore reduce exposure to drugs and lessen
the treatment burden. They also have the advantage
over GnRH agonists in that the final oocyte
maturation prior to oocyte collection may be
achieved by use of a GnRH agonist trigger. If this
protocol is combined with cryopreservation of all
embryos with subsequent transfer in frozen thawed
embryo transfer cycles, it may abolish almost com-
pletely the risk of OHSS [38]. Unfortunately for
women with CKD, current BNF recommendations
are that GnRH antagonists should be avoided in
moderate or severe renal impairment.

It should be remembered that all these drugs
would be given simultaneously with other medication
for renal disease. The issues related to hypertensive
medication and immunosuppression will be dealt
with elsewhere, but there are no data regarding the
coadministration of these drugs in terms of maternal
toxicity or fetal teratogenicity. With the altered
pharmacodynamics related to changes in volume of
distribution with the hemodynamic changes of
ovarian induction/hyperstimulation (see later in this
chapter), the fetus might be exposed to significantly
higher doses of these agents than has previously been
described.

Complications of Assisted Conception
The complications of ART are not to be underesti-
mated for women whose renal function is impaired.
OHSS is discussed in what follows as it can result in
renal failure even when renal function is normal at the
time treatment commences.

Ectopic Pregnancy
Current rates of ectopic pregnancy following
assisted conception are between 2 percent and
5 percent, although rates in some older series
were as high as 10 percent. Such a complication,
even if detected early in a subclinical phase, would
prove a significant challenge to a woman with
ESRD. Issues would include the possibility of gen-
eral anesthesia for either laparoscopic or open sur-
gical management, hemorrhage either before or
after surgery and the difficulties of treating conser-
vatively with methotrexate. Women should be
made aware of this complication and the risks
involved. Avoidance of multi-embryo transfer dur-
ing IVF treatment will help to reduce the incidence
of ectopic pregnancy and the even harder-to-
diagnose condition of heterotopic pregnancy,
which is more common after IVF when more
than one embryo is transferred.

First-Trimester Miscarriage
Once conception is confirmed, the miscarriage rate in
the general population is approximately 25 percent,
and this is higher in older women and those with
other risk factors. Again, the risks of associated
hemorrhage, anesthesia and surgery need to be high-
lighted to any woman planning this course of treat-
ment [39].
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Multiple Pregnancy
The impact of assisted conception on multiple preg-
nancy rates is substantial. A multiple pregnancy for
a woman with significant CKD could be catastrophic.
The hemodynamic and renal response to pregnancy
will be amplified, with total blood volume increasing
by an extra 500 ml in a twin gestation compared with
a singleton gestation and there is a greater drop in
total peripheral resistance and diastolic blood pres-
sure. This coupled with an exaggeration in the nausea
and vomiting of early pregnancy and a higher preva-
lence of hyperemesis gravidarum may be sufficient to
precipitate overt renal failure. Anemia is more com-
mon, the nutritional burden is greater and the fetuses
more difficult to assess. All antenatal obstetric com-
plications are increased and include higher prematur-
ity rates, more preeclampsia and a higher perinatal
mortality. Add to this the complications specific to
monochorionic twins, the increase in rates of surgical
delivery and postpartum hemorrhage for all twins,
and the picture is still far from complete.

From a fetal and neonatal perspective, the biggest
risk factor for twins is prematurity and low birth
weight. Compared with singletons, twins are four
times more likely to die in pregnancy and seven
times more likely to die shortly after birth, and they
have six times the risk of cerebral palsy [40].

In light of the aforementioned increase in neonatal
and maternal risks, in 2007 the HFEA introduced its
multiple birth reduction strategy. The central aim of
this policy was to reduce the rates of multiple births
following IVF from nearly 25 percent in 2006 to
10 percent over a number of years. IVF treatment
centers would be required to devise their multiple
births minimization strategy involving greater use of
single embryo transfer (SET) [41].

Minimizing the risk of multiple pregnancy by
adopting a policy of SET needs to be balanced
against the risk of jeopardizing the live birth rate.
For younger women producing good-quality
embryos, any reduction in live birth rate caused
by the transfer of a single embryo disappears if
one compares the cumulative live birth rate of
repeated SET (either two cycles of fresh SET or
one cycle of fresh SET followed by one frozen SET
in a natural or hormonal stimulated cycle) [42]. For
women with CKD, it should be borne in mind that
SET policies may increase the number of treatment
cycles required to achieve a pregnancy with

associated treatment-related risks, but this would
surely be more than offset by reducing the poten-
tially life-threatening risks associated with multiple
pregnancy. In order to maximize the effectiveness of
SET, it is important to select the embryo for trans-
fer that has the highest implantation potential and
transfer this embryo to a uterine/endometrial envir-
onment that is as receptive as possible.

More recent developments within the IVF labora-
tory have led to prolonging embryo culture to the
blastocyst stage (usually day 5 post fertilization). It is
known that blastocyst embryos have a higher implan-
tation potential than cleavage stage embryos (day 2 or
3 post fertilization).

A significant cause of implantation failure is
genetic abnormality within the transferred embryo.
Preimplantation genetic screening is a technique
whereby the developing embryo is biopsied to remove
a cell or cells and these cells undergo genetic tests such
as fluorescent in situ hybridization (FISH) or com-
parative genomic hybridization (CGH) to identify
genetically competent embryos that are more likely
to implant, less likely to miscarry [43].

Embryo biopsy is, however, an invasive procedure
resulting in damage and potential loss of the embryo.
The genetic tests to screen the embryo are also expen-
sive and not currently widely available. Recently
a noninvasive technique of imaging developing
embryos using time lapse monitoring (TLM) has
shown promise in identifying embryos with higher
and lower implantation potential – though currently
there is a need to perform properly designed prospec-
tive randomized controlled trials to confirm the value
of this technique before it is incorporated into routine
practice [44].

For women with CKD, where multiple pregnancy
could have catastrophic consequences, these new
techniques should be adopted to enable selection of
a single blastocyst embryo with the highest potential
to maximize the chance of implantation leading to
a healthy singleton birth and reducing the chance of
a dangerous multiple pregnancy.

It should, however, be remembered that prolong-
ing embryo culture to the blastocyst stage in a non-
physiological environment and manipulation of the
embryo during procedures such as embryo biopsy is
associated with a higher incidence of monozygotic
twinning [45]. These issues covered throughout this
section should be fully discussed before a woman
embarks on fertility treatment [46].
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Ovarian Hyperstimulation Syndrome
All women who respond to ovarian stimulation have
a degree of hyperstimulation usually recognized as
ovarian enlargement, nausea and vomiting. Clinical
OHSS is best defined as the presence of ascites, which
probably results from increased vascular permeability
and hemoconcentration as a result of this fluid loss
[47]. OHSS is usually termed severe when there are
also thromboembolic events or respiratory or renal
failure. Little is known regarding the progression of
this condition, but studies have started to map the
changes as OHSS develops and then resolves.
Evbuomwan, Davison andMurdoch [48] have studied
healthy women longitudinally and shown that during
superovulation cycles following hCG administration,
first there is a 20 percent reduction in blood volume
between day 2 and day 4 and then a sustained rise in
blood volume (30 percent) between days 8 and 12 in
women who develop OHSS. None of these changes
were seen in women who did not develop clinical
OHSS. Also reported was a sharp drop in serum
osmolality between day 0 and day 2 in those who do
not develop OHSS, which recovered to normal by day
2. In those who did develop OHSS, osmolality
increased by 6 mOsm/kg between day 2 and day 0
followed by a decrease of 8 mOsm/kg by day 2 sus-
tained to day 12. Despite this hypo-osmolar state,
women with OHSS had a concentrated and then
dilute urine output. Further studies by this group
have suggested that the osmotic threshold for arginine
vasopressin secretion and thirst are reset to lower
plasma osmolality during superovulation and this is
maintained until at least day 10 after hCG in OHSS.

The fluid shifts associated with this condition are
considerable and, when abdominal distension precipi-
tates clinical intervention with paracentesis, up to 7 l of
ascites can be removed. Renal failure in healthy women
is thought to result from poor renal perfusion second-
ary to hemoconcentration and the fluid shifts are so
considerable that these changes would be sufficient to
compromise any residual function in a diseased kidney
or to jeopardize the survival of a grafted kidney. There
are no data on OHSS or superovulation in women with
preexisting CKD, and it is unlikely that any will exist
outside isolated case reports.

Assisted Reproduction in CKD
There are no data from which recommendations can
be made with regard to safety or outcome for either

mother or baby in women with preexisting renal dis-
ease who might request assisted conception treat-
ment. A strategy of as little disturbance as possible
should be considered. Whether an approach is taken
where donor ova are used to reduce the risks of
ovarian stimulation or conventional IVF cycles are
used, considerable risks remain, particularly those
related to preeclampsia.

In women with renal disease who are not dialysis
dependent, both obstetric and nephrological compli-
cations will be dependent upon their renal function
prior to treatment. For those with only mild impair-
ment and possibly moderate impairment, such treat-
ment might be deemed reasonable after careful and
extensive counseling regarding the risks and compli-
cations outlined earlier.

For those women who are dialysis dependent, it
would seem difficult to justify assisted conception
using the “best interest of the child” argument
(Welfare of the Child HFEA). However, transplanta-
tion in this group could be seen not only as treatment
of their renal disease, but also the most promising way
forward in their quest for parenthood.

Likewise, for those women who have had
a successful renal transplant and who have normal
or near-normal renal function and a stable graft, it
would seem reasonable to consider requests for
assisted conception favorably where all other criteria
were met.

The situation is most complicated for those
women who have severe renal impairment but are
not yet on dialysis and those with an unstable graft
post transplantation where any pregnancy could jeo-
pardize any renal reserve. Under these circumstances,
it would seem difficult to justify assisted conception
when most clinicians would be advocating contracep-
tion to preserve renal reserve. However, the window
of opportunity for pregnancy might be getting smaller
as these women are not yet “sick” enough to be placed
on the transplant waiting list.

Conclusion
Both nephrologists and obstetricians are likely to
meet with requests from women/couples for advice
regarding assisted conception. Few data exist nor are
likely to exist in the future.

The ethical dilemmas in this area have been
explored and a woman’s right to choose will mean
such requests are forthcoming, but the majority of
decisions can be made on clinical grounds based on
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data extrapolated from spontaneously conceived
pregnancies that have been well described in ESRD.

The additional risks associated with superovulation
mean that assisted conception should be reserved for
women with the best and most stable renal function.
Obstetricians and nephrologists may still be left caring
for women where assisted conception has been sought
against the best medical advice. Despite assisted con-
ception, termination of pregnancy may be the only way
to preserve renal function or to prolong the mother’s
life expectancy. As in any such difficult situation, it is
important that the mother’s autonomy is respected and
that she is supported in any decision she takes.
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Section 3 Antenatal Care

Chapter

5
CKD and Pregnancy
Patterns of Care and General Principles
of Management
Lucy Mackillop and Mark Brown

Introduction
There have been two significant changes in the
approach to management of women with CKD in preg-
nancy over the past few years. First, although women
with preserved GFR generally have good pregnancy
outcomes [1], it is now recognized that women with
evenmild CKD (e.g. stage 2) may have an increased risk
of adverse pregnancy outcomes [2–4]. Second, there is
now a greater emphasis on the possibility of successful
pregnancy outcomewith dialysis, following the observa-
tion that long and frequent dialysis, with almost nor-
malization of blood biochemistry, leads to a high
likelihood of a successful pregnancy [5]. A further
issue that requires greater study is that outside of preg-
nancy, even mild CKD and non-nephrotic range pro-
teinuria appear to be associated with increased risk of
thromboembolism [6], a problem that could be further
exacerbated in pregnancy.

Basic Principles of Antenatal Care
Management of the pregnant woman with chronic
kidney disease (CKD) ideally begins prior to preg-
nancy to allow time for appropriate counseling
regarding the potential risks and likely outcomes not
only of the pregnancy (see Chapter 2) but also for the
woman postpartum (see Chapter 9). Attitudes have
changed over the past 20–30 years and CKD is no
longer seen as an automatic contraindication to preg-
nancy [7]. Nevertheless, the data used to counsel
women today are generally those derived from a few
key studies published more than 10 years ago [8–16],
summarized clearly in a systematic review [17].

Controversy remains as to whether the primary
underlying renal disorder affects the pregnancy out-
come or, more likely, the outcome is dependent upon
the baseline level of renal function, with the exception
of systemic lupus erythematosus (SLE). In either case,
maternal hypertension and the presence of

preconception proteinuria are significant indepen-
dent adverse risk factors [16, 18]; live births now
occur in 64–98 percent of pregnancies depending
upon the degree of renal impairment and the presence
or absence of hypertension and/or proteinuria.

On occasion, women with CKD have an acceler-
ated course toward dialysis, either during pregnancy
or postpartum [18]. In women with advanced renal
failure, this possibility should be discussed before
conception in the context of possible preemptive
transplantation or early and frequent dialysis, which
is usually associated with a better chance of having
a successful pregnancy (see Chapter 2). Very occa-
sionally, unplanned pregnancies occur in women
with poorly controlled disease or very low GFR and
in this instance discussion of termination of preg-
nancy should be considered as one of the options
along with aggressive hemodialysis, which also can
be associated with good pregnancy outcomes [5].

The key principles of antenatal care in women
with chronic renal disease are:

1. measurement, interpretation and management of
hypertension;

2. measurement, interpretation and management of
changes in glomerular filtration rate (GFR);

3. measurement, interpretation and management of
proteinuria, including nephrotic syndrome;

4. consideration of the primary underlying renal
disease and its specific problems;

5. identification of abnormalities of renal tubular
function;

6. identification and management of urinary tract
infection;

7. clinical assessment and maintenance of volume
homoeostasis;

8. consideration of appropriate “renal” and
antihypertensive medications throughout
pregnancy;
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9. management of the medical consequences of
CKD in pregnancy, including anemia and bone
health;

10. identification of superimposed preeclampsia; and
11. assessment of fetal well-being.

Hypertension
Blood pressure normally falls by the end of the first
trimester of pregnancy as part of a vasodilator
response, accompanied by an increase in cardiac out-
put and stimulation of the renin–angiotensin system
[19]. Most women with impaired GFR will not exhibit
this fall in blood pressure, and many will undergo an
increase in blood pressure as the pregnancy progresses.
Factors mediating this progression are unclear, given
that in normal pregnancy, the majority of vascular
factors favor dilatation of blood vessels; although cir-
culating renin and aldosterone concentrations are
increased, there is typically some refractoriness to the
vascular effects of pressor substances. Whether this
refractoriness is lost in women with underlying CKD
is unknown. Pregnancy is accompanied by significant
volume expansion, which under normal circumstances
does not induce hypertension [19]. However, in the
context of chronic renal impairment outside of preg-
nancy, there is often an inability to excrete a sodium
load with accompanying hypertension, and it is likely
that this mechanism is partly involved in the develop-
ment of hypertension in these women during preg-
nancy. Regardless of the cause, persistence of
hypertension is an adverse factor in pregnancy out-
come [20], and it is therefore imperative that consider-
able attention is paid to the blood pressure of women
with CKD during their antenatal care.

Measurement of blood pressure has tradition-
ally used mercury sphygmomanometry, but this has
slowly been replaced by a range of automated blood
pressure recorders. It is probable that most of the
automated blood pressure recorders used in routine
clinical practice have not been validated for use in
pregnancy. Even those that have been tested and
have received appropriate grading from the British
Hypertension Society (BHS) [21] or the Association
for the Advancement of Medical Instrumentation
(AAMI) [22] are not necessarily accurate in an
individual pregnant woman. Where possible,
blood pressure should still be recorded using mer-
cury sphygmomanometry, recording the phase 5
sound as the true diastolic pressure [23].
An accurate alternative is the liquid crystal display

sphygmomanometer [24]. Hypertension is generally
defined as a blood pressure above 140/90 mmHg
and in pregnancy, treatment is generally reserved
for blood pressures above this level. For a time it
was recommended that the target blood pressure
for most women with CKD outside pregnancy be
below 130/80 mmHg and so arose the question
whether a period of 40 weeks or so of blood pres-
sures above this level could lead to progressive
renal impairment after the pregnancy. More recent
analysis of the data suggests that in patients with
CKD and low levels of proteinuria a target BP
below 140/90 mmHg is sufficient.

Most women with CKD, particularly those with
proteinuria above 1 g/day, will be receiving angioten-
sin-converting enzyme inhibitors (ACEi) or angioten-
sin II receptor blockers (ARBs) before pregnancy.
These should be discontinued, preferably before preg-
nancy and certainly once pregnancy is diagnosed,
owing to increased risks of fetal growth restriction,
oligohydramnios, neonatal renal failure and possibly
cardiac and neurological development abnormalities
[25–27]. The concerns about ACE inhibitors in preg-
nancy have been modified somewhat, but it is our
belief that in the absence of a very compelling indica-
tion such as cardiac failure, it is still best to avoid these
agents during pregnancy. Likewise, chlorothiazides
should also be discontinued. Suitable antihyperten-
sives are summarized in Table 5.1 and in Chapter 8.
Fear of using antihypertensives in pregnancy can be
associated with poorer pregnancy outcomes, at least
in women with renal transplants [28]. Target blood
pressures should probably be in the region of
110–140/80–90 mmHg, seeking to preserve maternal
renal function while not lowering the blood pressure
so far as to reduce uteroplacental perfusion, although
recent data suggest that in women with chronic
hypertension without CKD aiming for a diastolic of
85 mmHg is not associated with a significant decrease
in birth weight [29]. It is also important to appreciate
that blood pressure will often rise significantly soon
after delivery; therefore, blood pressure measurement
must be just as diligent in the early postpartum period
as during pregnancy.

Glomerular Filtration Rate
The GFR should rise by about 40 percent during
normal pregnancy, typically apparent by the end of
the first trimester. This arises frommany factors, a key
one being the production and effects of relaxin. One
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study has suggested that failure to increase GFR is
associated with miscarriage [30] (see Chapter 1).

Under experimental conditions, ensuring both
adequate hydration and urine output, GFR is mea-
sured as either creatinine clearance or inulin clear-
ance. From a practical point of view, clinicians rely on
serum creatinine as the main measurement of GFR
during pregnancy. Measurement of creatinine clear-
ance requires 24-hour urine collection, which is cum-
bersome and even when conducted diligently may be
inaccurate because of ureteric dilatation, which
results in pooling of urine and an incomplete collec-
tion. Cystatin C has been used to measure GFR during
pregnancy [31] together with beta-2 microglobulin.
Cystatin C correlated weakly with 24-hour creatinine
clearance but less well than serum creatinine in one
study [32], and beta-2 microglobulin correlated
weakly with serum creatinine in another [33].

However, there are problems with both measure-
ments and serum creatinine remains the main tool
for assessing GFR during pregnancy.

The CKD-Epi and Modification of Diet in Renal
Disease (MDRD) formulae are now used widely out-
side of pregnancy [34], but are not accurate during
pregnancy [35] and have never been recommended
for this purpose. Similarly, the Cockcroft–Gault for-
mula [36] has also not been validated; this formula
depends on body weight as a reflection of muscle mass
and body weight changes considerably during preg-
nancy, not because of changes in body mass but lar-
gely as a result of volume expansion, maternal fat and
the fetus. Some have suggested that eGFR might be
suitable to measure GFR in pregnancy [37], but others
have not [38], and for now we recommend to con-
tinue to use serum creatinine as the best marker of
GFR in pregnancy.

Table 5.1 Antihypertensives in pregnancy. Adapted from NICE Hypertension in Pregnancy Guideline [76].

Drug Route Safety Data

Centrally Acting

Methyldopa oral Mild hypotension in babies in the first two days of life

No obvious association with congenital malformations

Beta-blockers

Labetalol oral/IV No obvious association with congenital malformations

Rare mild hypotension in babies in the first 24 hrs. of life

Very rare neonatal hypoglycemia

Atenolol oral No obvious association with congenital malformations

Possible association with fetal growth restriction [59]

Metoprolol oral/IV No obvious association with congenital malformations

Oxprenolol oral No obvious association with congenital malformations

Pindolol oral No obvious association with congenital malformations

Alpha blockers

Prazosin oral No obvious association with congenital malformations

Calcium channel blockers

Nifedipine oral No obvious association with congenital malformations

Amlodipine oral No reports

Verapamil oral No obvious association with congenital malformations

Diuretics

Bendroflumethizide oral No adverse fetal effects

Maternal hypovolemia

Frusemide Oral/IV No obvious adverse effects; may cause maternal hypovolemia

Vasodilators

Hydralazine IV No obvious association with congenital malformations
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For practical purposes, a serum creatinine above
90 μmol/l is considered abnormal for pregnancy,
reflecting impaired GFR. A serum creatinine above
130 μmol/l means that the pregnant woman carries
substantial fetal and maternal hypertensive and renal
impairment risks throughout her pregnancy. However,
even in women with CKD stage 1 (see Box 5.1), there is
an increased risk, at least in one population, above that
of women with no renal disease for Caesarean section,
preterm delivery and NICU admission [3, 4].

Proteinuria
In the nonpregnant woman, protein excretion is gen-
erally less than 150 mg/day, consisting of up to 20mg/
day albumin with the remainder being other proteins,
often of tubular origin [39]. Albumin excretion dur-
ing normal pregnancy appears to be unchanged, but
total protein excretion is increased across all trime-
sters with an upper limit of excretion around 300 mg/
day. The mechanisms of this increased excretion are
unclear, but appear to relate to increased glomerular
porosity [40] rather than to substantial changes in
glomerular hemodynamics.

There has been a shift in nephrology practice out-
side of pregnancy tomeasure urinary protein excretion
as the spot urine protein/creatinine ratio (PCR) instead
of 24-hour urinary protein excretion. However, exam-
ination of source studies leading to this conclusion
reveals often poor agreement between a single PCR
and 24-hour urinary protein excretion. Lane and col-
leagues [41] showed that while there was statistically
significant correlation between the spot PCR and 24-
hour urinary protein excretion, agreement between
predicted and actual 24-hour urinary protein excretion
was poor for protein excretion above 1 g/day. On the
other hand, spot PCR provided good threshold values
that discriminated between protein excretions above or

below excretion rates of 300 mg/day, 500 mg/day, 1 g/
day and greater than 3 g/day.

Urinalysis alone is a poor predictor of protein
excretion in pregnancy [42, 43]. Use of spot PCR in
pregnancy has become a popular and reasonably reli-
able method of determining whether protein excre-
tion is abnormal, i.e. above 300 mg/day [44], and is
most often needed to diagnose the presence of protei-
nuric preeclampsia. There have been no studies to
date testing whether serial spot PCR during preg-
nancy in a woman with CKD is a reliable method of
predicting changes in 24-hour urinary protein excre-
tion in that individual. While it is likely that this
would be the case, 24-hour urine protein excretion
remains the gold standard for assessing true changes
in protein excretion during pregnancy within an indi-
vidual woman. A practical approach is to consider
measuring 24-hour urinary protein and creatinine
excretion at the initial visit and determine the PCR
from that collection, as a way of “validating” the PCR
in that woman. Subsequent PCR will provide a guide
to changes in her protein excretion, although it needs
to be acknowledged that this is a guide only.

Even where there is a true change in protein excre-
tion during pregnancy in women with underlying
renal disease, very few therapeutic options are avail-
able apart from ensuring blood pressure control. ACE
inhibitors and ARBs or aldosterone antagonists
should not be used for this purpose during pregnancy,
although diltiazem can be used and may have a small
benefit [45]. There is thus no great imperative to keep
measuring 24-hour urinary protein excretion in these
women, other than to detect nephrotic syndrome.
Some advocate increasing protein excretion as
a marker of superimposed preeclampsia in women
with underlying renal disease, although no studies
have been able to confirm this, and protein excretion
may increase in these women owing to appropriate

BOX 5.1 Stages of Chronic Kidney Disease Based upon Estimated GFR [77]

Stage Description Estimated GFR ml/min/1.73 m2

1 Kidney damage with normal or raised GFR ≥ 90

2 Kidney damage with mildly low GFR 60–89

3a Moderately low GFR 45–59

3b 30–44

4 Severely low GFR 15–29

5 Kidney failure < 15 or dialysis
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increases in glomerular filtration or progression of the
underlying primary renal disease or suboptimal blood
pressure control. In other words, an increase in urin-
ary protein excretion should highlight the need for the
clinician to look for features of preeclampsia but by
itself is not sufficient to make a diagnosis of super-
imposed preeclampsia. Moreover, proteinuria is not
felt to be an independent predictor of adverse preg-
nancy outcome in preeclampsia and should not be
used by itself as an indicator for delivery [46].

Benign proteinuria is sometimes observed during
pregnancy, so-called gestational proteinuria [47],
where an otherwise healthy pregnant woman is
found to have increased protein excretion, usually
detected first by urinalysis and subsequently by
a spot PCR, in the absence of any other feature of
preeclampsia or hypertension and with a normal
serum creatinine, i.e. normal GFR. In some cases
this may represent de novo orthostatic proteinuria
while others appear to be just a benign increase in
protein excretion during normal pregnancy that gen-
erally returns to normal after pregnancy. For some,
however, this is the first sign of preeclampsia, before
a blood pressure rise [48], and we recommend
increased surveillance for preeclampsia in such
women. It is unknown if such women have any later
propensity to significant renal disease. Themainman-
agement issue is that urinalysis is reassessed three to
six months postpartum in these women and appro-
priate nephrological assessment undertaken if this is
persistent (see Chapter 9). New evidence suggests that
normal protein excretion may be greater in twin
pregnancies and this too should be taken into account
when assessing kidney disease in pregnancy [49].

Nephrotic Syndrome
The term “nephrotic syndrome” refers to a distinct
constellation of clinical and laboratory features of
renal disease. It is specifically defined by the presence
of heavy proteinuria (protein excretion greater than
3.5 g/24 hours), hypoalbuminemia (less than 30 g/L)
and peripheral edema. Hyperlipidemia and thrombo-
tic disease are also frequently observed. The most
common cause of nephrotic syndrome during preg-
nancy is preeclampsia; however, nephrotic syndrome
during pregnancy is also a problem for women with
underlying primary glomerular disease. Serum albu-
min normally falls during pregnancy, partly owing to
volume expansion, but values below 30 g/l should
raise suspicion of the development of nephrotic

syndrome. A spot urine PCR above 230 mg/mmol
signifies a strong likelihood that protein excretion is
above 3 g/day [41]. These women will generally have
edema, although this is a poor diagnostic sign during
pregnancy as it accompanies two-thirds of normal
pregnancies. There is little diagnostic benefit from
measuring serum cholesterol, usually a component
of the nephrotic syndrome, as this is increased during
normal pregnancy.

Women with nephrotic syndrome are at risk of
losing vitamin D-binding protein, transferrin, immu-
noglobulins, antithrombin III (also accompanied by
increased hepatic synthesis of clotting factors) and
have a propensity for intravascular volume contrac-
tion in severe cases. The net result of these changes
and management options are tabulated in Table 5.2.
Low molecular weight heparin (LMWH) is suitable in
nonpregnant patients if GFR is above 30 ml/min/
1.73 m [2], but unfractionated heparin should be
used in those with lower GFR, but in the absence of
formal estimates of GFR in pregnancy choice of
heparin requires clinical judgment. Follow-up of pro-
teinuria after pregnancy is important not only in
women with known CKD but also in women who
have had preeclampsia. Bar and colleagues [42]
found that 42 percent had albuminuria three to five
years after delivery, signifying either underlying renal
disease before the pregnancy or renal damage conse-
quent upon preeclampsia. Most would not find such
a high figure in usual clinical practice, but the clear
message is that women with early onset or severe
preeclampsia should be assessed several months post-
partum to ensure underlying renal disease is excluded.

The Primary Underlying Renal Disease
and Its Specific Problems
Management of specific renal diseases is addressed in
other chapters in this book. However, it is integral to
proper antenatal care of women with underlying renal
disease to consider the nuances of the underlying
primary disorder. The most common renal diseases
predating pregnancy in this age group are presented
in Table 5.3 along with the basic principles of care.
Pregnancy in women with IgA nephropathy and mild
renal impairment did not alter disease progression in
a multicenter cohort study of 223 women [1]. Long-
term follow-up of childhood IgA nephropathy
showed that later pregnancy was complicated by
hypertension in half the cases and preterm birth in
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one-third [50], but these outcomes are not specific to
this form of nephropathy.While lupus nephritis is not
a common cause of end-stage renal failure overall, it is
a disorder with a large preponderance toward young
women and, as such, is another renal disease com-
monly seen by obstetric medicine physicians.
In general, women with SLE should have quiescent
disease pre-pregnancy to offer the best chance of
a successful pregnancy outcome [51].

Inherited renal disorders are likely to have been
diagnosed prior to the pregnancy and the specific
implications of this for the offspring will have been
discussed. The most common such renal disorder is
autosomal dominant polycystic kidney disease
(ADPKD); IgA nephropathy and reflux nephropathy
are not inherited by specific Mendelian traits but tend
to co-segregate within families, and the pregnant
woman and her partner need to be aware of this.

Table 5.2 Nephrotic syndrome

Diagnosis Risks Management Options

• heavy proteinuria (protein
excretion greater than 3.5 g/
24 hours)

• calcium deficiency
• iron deficiency

• calcium and vitamin D3
supplementation

• iron supplementation

• hypoalbuminemia (less than
30 g/L)

• increased likelihood of infection
• venous thromboembolism

• LMWH
• regular fetal growth and amniotic

fluid estimation

• peripheral edema,
hyperlipidemia and
thrombotic disease are also
frequently observed

• reduced uteroplacental blood
flow with fetal growth restriction

• renal function decline

• regular serum creatinine
• (rarely) intravenous albumin

Table 5.3 Common renal disease and principles of management

Common renal diseases predating
pregnancy

Basic principles of care

• primary glomerulonephritis

• IgA nephropathy
• focal and segmental

glomerulosclerosis (FSGS)
• minimal change
• membranous

• reflux nephropathy
• diabetic nephropathy
• autosomal dominant polycystic kidney

disease
• lupus nephritis

• detection of deterioration in GFR and its extent
• detection and treatment of anemia with iron and erythropoietin if

indicated
• assessment of bone health and treatment with calcium and

vitamin D3 as indicated
• prescription of low-dose aspirin for preeclampsia prophylaxis by

12 weeks’ gestation
• midstream urine culture at the beginning of pregnancy, then on

two or three other occasions even in the absence of symptoms to
assess for underlying urinary tract infection (particularly in those
with reflux nephropathy)

• good control of blood sugar and blood pressure to offset the
disadvantage of not being able to use ACE inhibitors or ARBs in
diabetic nephropathy

• optimization of intravascular volume
• use of appropriate immunosuppression when required in lupus

nephritis, as well as determining whether the woman has
anticardiolipin antibodies or lupus anticoagulant or has the anti-
SSA/B antibodies with a propensity for fetal atrioventricular (AV)
node disorders

• counseling regarding inherited renal disorders and timing of
screening of offspring
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While still uncommon, inherited disorders such as
Alport’s syndrome and familial hyperuricemic
nephropathy [52] occur in this age group and appro-
priate counseling needs be provided before and dur-
ing pregnancy.

Assessment of Renal Tubular Function
There are substantial changes in renal physiology
during pregnancy that are largely centered on changes
in renal blood flow and GFR. There are subtle changes
in renal tubular function that include decreased prox-
imal tubular glucose reabsorption, probably mediated
through a volume expansion effect, leading to glyco-
suria in many women without reflecting diabetes.
Normal pregnant women have a mixed respiratory
alkalosis and metabolic acidosis with an increased
urinary pH. Studies have shown the anion gap in
pregnancy to be slightly lower than that postpartum
[53] (see Chapter 1).

Tubular catabolism of albumin is probably normal
as the fractional excretion of albumin is unchanged in
pregnant compared with nonpregnant women [54].
The very large increase in filtered sodium is offset by
increased tubular reabsorption, largely through resis-
tance to atrial natriuretic peptide and increased renin
and aldosterone production causing distal nephron
sodium retention with accompanying potassium secre-
tion and a tendency for low normal serum potassium
levels [55]. While there is a resetting of plasma osmol-
ality to about 10 mosm/kg below normal, renal con-
centrating and diluting abilities are intact [56].

The clinical implications for women with pri-
mary renal disease are as follows. Those with glo-
merular disorders such as primary
glomerulonephritis or lupus nephritis are unlikely
to have significant changes in renal tubular function
but are more likely to have exaggerated sodium
retention if GFR is reduced. Those with disorders
affecting the tubulo-interstitial system such as reflux
nephropathy, medullary cystic disease and ADPKD
may have a propensity to sodium loss and thus
experience volume contraction and fetal growth
restriction, or occasionally impaired urinary concen-
trating ability, which exaggerates the predisposition
to volume contraction.

However, from a practical point of view, changes
in renal tubular function in women with underlying
primary renal disorders are rare with only a few case
reports in the literature [57, 58]. Measurement of
serum sodium, potassium and bicarbonate together

with creatinine is generally sufficient to ensure sig-
nificant tubular dysfunction has not been missed in
women with underlying CKD during pregnancy.

Plasma uric acid is commonly measured as
a potential marker of preeclampsia, although its
utility in preeclampsia is largely to heighten suspi-
cions of fetal growth restriction. In renal transplant
patients in particular, where urate excretion is influ-
enced by both tubular function and drugs such as
calcineurin inhibitors there is no point in measur-
ing uric acid during such pregnancies. Uric acid
undergoes reabsorption in the proximal tubule
then secretion followed by post-secretory reabsorp-
tion and its excretion therefore can be influenced at
several points along the nephron. Elevated plasma
urate has been suggested as being pathogenic [59]
or else a marker of renal vasoconstriction. In one
small study, preeclamptic women receiving probe-
necid had lower serum uric acid and creatinine (but
no difference in creatinine clearance) and higher
platelet counts than women in a control group,
but pregnancy outcomes were similar [60].
Consequently, a baseline uric acid level is only use-
ful so that an elevated level is not interpreted by
others later in pregnancy as indicating preeclamp-
sia; serial measurement of uric acid in women with
CKD is not of much value in clinical management.

Urinary Tract Infection
It is generally accepted that urine culture at the com-
mencement of pregnancy is a cost-effective means of
detecting asymptomatic bacteriuria, which should be
treated in all pregnant women. This is of greater impor-
tance in women with underlying renal disease as they
appear to have a predisposition to urine infection [61,
62], and this includes women who have had successful
surgical correction of vesicoureteric reflux in childhood
[63]. Ascending urine infection, or infection that leads
to bacteremia, may precipitate a decline in renal func-
tion with subsequent fetal risks of impaired growth or
preterm birth, as well as increased risk of preterm rup-
ture of membranes.

A reasonable approach is to ensure that all women
with underlying renal disease have a routine urine
culture at the commencement of pregnancy. Women
with a history of prior urine infections or surgical
correction of a urinary tract anomaly, those taking
immunosuppressive drugs, including renal transplant
recipients, and those with impaired GFR should have
further routine cultures done at around 24, 28 and
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32–34 weeks of gestation. Assuming an initial unin-
fected sample, the remainder of women should have
repeat urine cultures performed only if they develop
symptoms of urinary tract infection or if routine
urinalysis demonstrates new onset pyuria or nitrites,
noting that pyuria is common in normal pregnancy.

Organisms responsible for urinary tract infection
during pregnancy are generally the same as in non-
pregnant women, with Escherichia coli being the pre-
dominant organism. Renal ultrasound is generally not
indicated unless for some reason renal imaging has
never been undertaken or if the infection fails to
respond to initial antibiotic treatment. Normal ure-
teric and renal pelvic dilatation will be seen (see
Chapter 1), and the temptation to decompress the
urinary tract with nephrostomy should be resisted
unless there is generalized sepsis and/or deteriorating
GFR failing to respond to intravenous antibiotics.

There are no controlled trials to determine the
optimum management of urinary tract infection in
women with underlying renal disease during preg-
nancy. Conventional practice is to treat the initial
infection for approximately one week and thereafter
maintain a low dose of antibiotics, e.g. cephalexin or
nitrofurantoin. This may be continued until shortly
after delivery to avoid episodes of pyelonephritis with
its fetal and maternal risks.

Clinical Assessment and Management of
Volume Homoeostasis
Adequate intravascular volume is essential for preser-
vation of GFR thereby optimizing pregnancy outcome
for mother and baby regardless of the underlying
renal disorder. However, it is particularly difficult to
assess maternal volume homoeostasis clinically dur-
ing pregnancy. Typical clinical signs used in nonpreg-
nant women, such as edema, are of little value in
assessing volume homoeostasis during pregnancy.
For this reason, the hematocrit should be measured
in women with underlying CKD as part of the full
blood count at the initial first-trimester visit, together
with serum albumin. Both measures should fall
slightly as pregnancy progresses. A rise in either
value strongly suggests intravascular volume contrac-
tion, although there is no discriminant value above
which it is certain that volume depletion is definite
[64]. Conversely, a significant fall in either value does
not necessarily mean excessive volume expansion
because the hematocrit depends on other factors,

such as the ability to maintain adequate red cell pro-
duction, and serum albumin may fall in patients with
nephrotic syndrome who in turn may have reduced
intravascular volume. In practice, even if volume
excess has occurred, provided that there is no respira-
tory compromise and that blood pressure can be con-
trolled, this is a more favorable situation to preserve
maternal renal function and fetal growth than if there
is volume depletion. Therefore, when there is concern
about fetal growth or deteriorating GFR in women
with CKD, it is prudent to check the change in hema-
tocrit and albumin from baseline. If these suggest
reduced intravascular volume, then a trial of intrave-
nous normal saline of no more than 1 liter per day
under observation in hospital is a reasonable clinical
approach, based on first principles alone.

Appropriate Use of Medications for
Treatment of Renal Disease in Pregnancy
Specific medications for specific renal diseases and
hypertension management are considered in
Chapters 7 and 8. However, this is an important
aspect of antenatal care and as discussed earlier, con-
trol of blood pressure is imperative to successful preg-
nancy outcome in women with underlying renal
disease. Some commonly used drugs in CKD patients
and considerations in pregnancy are summarized in
Table 5.4.

Management of the Medical Consequences
of CKD in Pregnancy
Chronic kidney disease has far-reaching effects on
other organ systems and is certainly not limited to
the kidney. In addition to the association with
increased risk of cardiovascular disease (with or with-
out hypertension) women with CKD are at risk of
renal bone disease and anemia. Pregnancy is a time
of changes in bone metabolism, favoring deminerali-
zation, and increased iron requirements and therefore
particular attention needs to be paid to the increased
chance of significant anemia, osteopenia and active
vitamin D deficiency in pregnant women with CKD.

Iron deficiency anemia is very common in preg-
nancy and also in women with CKD. It is therefore
suggested that all women with CKD should have
a serum ferritin check at their first antenatal visit
and iron deficiency treated proactively. In addition,
considerationmust be given to starting erythropoietin
in pregnancy in women with CKD and refractory
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anemia despite adequate iron replacement. It is, how-
ever, important to remember that in some women
erythropoiesis-stimulating agents may worsen blood
pressure control [65] and more frequent blood pres-
sure measurement is needed.

Like irondeficiency, vitaminDdeficiency is common
in the general obstetric population and, given the
requirement for vitamin D to be converted to its active
metabolite in the kidney, it is unsurprising that vitamin

D deficiency is common in pregnant women with CKD.
It is suggested therefore thatwomenwithCKDshouldbe
screened for a low calcium diet and vitaminD deficiency
and treated as necessary. Alphacalcidol (1-alpha-hydro-
xycholecalciferol) or calcitriol (1–25 dihydroxycholecal-
ciferol) should be used instead of cholecalciferol
preparations in women with eGFR < 30ml/min.

The Paris collaborative trial has confirmed that
aspirin is of benefit in preventing preeclampsia,

Table 5.4 Commonly used drugs in CKD patients and considerations in pregnancy

Drugs Considerations in pregnancy

Antibiotics

Cephalosporins Considered safe in pregnancy and breastfeeding

Amoxicillin Considered safe in pregnancy and breastfeeding

Coamoxiclav Associated with an increased risk of necrotizing enterocolitis in the newborn if
given near preterm delivery

Nitrofurantoin Associated with hemolytic anemia in the newborn if administered near delivery

Trimethoprim Partial folate antagonist therefore avoid in first trimester

Rarely can be associated with maternal hyperkalemia

Quinolones Usually avoided but can be used if strongly indicated

Aminoglycosides Use with caution, risk of auditory and vestibular nerve damage in the neonate
when used in the second and third trimesters; use only when compelling
indication

Immunosuppressants

Prednisolone Safe in pregnancy and breastfeeding, but may be associated with IUGR with
prolonged high-dose use in pregnancy

Azathioprine Considered safe in pregnancy and breastfeeding

Ciclosporine Considered safe in pregnancy; less evidence for safety in breastfeeding

Hydroxychloroquine Considered safe in pregnancy and breastfeeding

Tacrolimus Considered safe [4]

Rarely can be associated with neonatal hyperkalemia [62]

Mycophenolate mofetil and
myfortic acid

Associated with increased risk of congenital malformations; do not use in
pregnancy

Cyclophosphamide Associated with increased risk of congenital malformations

mTOR inhibitors (sirolimus and
everolimus)

Contraindicated in pregnancy and breastfeeding

Other drugs

Low-dose (< 150mg od) aspirin Used for preeclampsia prophylaxis. Considered safe in women with CKD.

Recombinant erythropoeitin No association with adverse fetal effects

May be associated with maternal hypertension, therefore increased surveillance for
this is warranted

Intravenous iron Considered safe in pregnancy and breastfeeding

mTOR: Mechanistic Target of Rapamycin
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although approximately 56 women require treatment
to prevent one case [66]. Few studies have examined
the prophylactic benefit of aspirin in women with
underlying renal disease. However, these studies sug-
gest that aspirin reduces the likelihood of developing
preeclampsia in women with underlying CKD, with the
number needed to treat being 9–57 to prevent pree-
clampsia and 42–357 to prevent perinatal death [67].

The effects of low doses of aspirin (up to 150 mg/
day) on renal function are minimal, and, in general,
this is a safe approach, particularly for women who
have had previous early-onset severe preeclampsia
and/or fetal loss. Therefore, women with CKD,
including transplant recipients, should receive low-
dose aspirin beginning in the first trimester to help
optimize maternal and fetal outcomes.

Identification of Superimposed
Preeclampsia
Preeclampsia is a placental disorder of unknown etiol-
ogy discussed in detail in Chapter 17. It is apparent that
the development of superimposed preeclampsia in
a woman with CKD will lead to a worsening of renal
function, exaggerated hypertension and proteinuria
with risks of nephrotic syndrome, short-term and long-
term risks to maternal renal function as well as
increased risks for fetal growth restriction, preterm
birth and perinatal mortality. However, it is very diffi-
cult to diagnose superimposed preeclampsia in
a womanwho begins her pregnancywith hypertension,
renal impairment and/or proteinuria. An increase in
blood pressure, rise in creatinine or increasing protein
excretion can all be due to progression of the under-
lying renal disorder rather than superimposed pree-
clampsia. As yet, there is no validated diagnostic test
to distinguish between these two scenarios, although
work examining the use of serum biomarkers such as
sFlt-168 to differentiate between preeclampsia and pro-
gression of underlying renal disease is promising [69].
In any case, when these features are accompanied by
neurological signs such as hyper-reflexia and clonus or
by abnormal liver transaminases or new-onset throm-
bocytopenia (except in SLE, where this may be an
autoimmune phenomenon), then it is likely that super-
imposed preeclampsia has developed.

In many ways this is an academic distinction as
clinicians caring for women with underlying renal
disease should be vigilant for these changes in all
cases, leading to increased surveillance not only of

the mother but also of fetal well-being (see later in
this chapter). The indications for delivery in
women with superimposed preeclampsia are
broadly the same as those in women with progres-
sive underlying renal disease, i.e. inability to con-
trol blood pressure, deteriorating GFR with no
reversible component, neurological abnormalities,
progressively deteriorating thrombocytopenia,
increasing liver transaminases or failure of fetal
growth. Therefore, clinicians should not worry too
much about distinguishing superimposed pree-
clampsia from progressive underlying renal disease,
but rather focus on being vigilant throughout preg-
nancy for any of the aforementioned situations that
would necessitate delivery.

Assessment of Fetal Well-Being
Traditional assessment of fetal well-being has
depended upon a fetal morphology scan at around 20
weeks of gestation followed by regular ultrasound
scans to assess fetal growth and amniotic fluid index,
as well as Doppler studies of umbilical artery blood
flow. The introduction of routine blood tests at 12
weeks of gestation, such as human chorionic gonado-
trophin, alpha-fetoprotein and pregnancy-associated
plasma protein A (PAPP-A), in combination with
measurement of placental length and uterine artery
pulsatility index at 20–23 weeks’ gestation, has pro-
vided a good negative predictive test for adverse fetal
outcome in women with high-risk pregnancies [70,
71]. In the 1990s it was noted that women with renal
transplants undergoing serum screening for Down
syndrome had a high false positive rate [72]. This
was due to high hCG levels seen in women with
renal disease. Mechanisms for high hCG are reduced
renal clearance and possibly that the associated vascu-
lopathy leads to reduced perfusion in the intervillous
circulation of the placenta, with subsequent hypoxia
and increased hCG production. For a serum creatinine
of greater than 125micromol/l the false positive rate
(FPR) is 48 percent vs. 12 percent for controls. Where
total hCG rather than free hCG is used in the assay the
FPR falls to 25 percent versus 15 percent for controls
[73]. False positives are also seen in dialysis patients
[74]. HCG is a largemolecule and is not readily filtered
out during dialysis causing levels to remain high; AFP
and estriol fall post dialysis [75].

Consideration should, therefore, be given to
whether screening in women with CKD should focus
on maternal age and nuchal screening. There is no
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literature currently on the impact of renal disease on
free fetal DNA concentrations. If these are unaffected
by CKD, then noninvasive prenatal diagnosis may be
appropriate in these women to avoid unnecessary
invasive testing.

Models of Antenatal Care
Women with underlying renal disease in pregnancy
are best managed jointly by an obstetrician and renal
or obstetric medicine physician in conjunction with
a specialist midwife. It is imperative that the obstetri-
cian has an understanding of maternal CKD in

pregnancy and that the physician has an understand-
ing of the possible fetal issues that may occur. Ideally,
these women’s pregnancies are managed through
a high-risk pregnancy clinic or a day assessment
unit. A suggested schedule of visits and management
plan for these “at-risk” pregnancies is presented in
Table 5.5.

Conclusion
Clinicians and pregnant women are limited by the
paucity of published guidelines dedicated to the man-
agement of renal disease in pregnant women. While

Table 5.5 A suggested schedule of visits and management plan for pregnant women with CKD

Proposed Schedule Appropriate Tests/Management Plan

Initial visit – first trimester • Blood tests: full blood count, serum creatinine and electrolytes, uric acid,
liver function, ferritin, calcium, vitamin D

• Midstream urine culture

• 24-hour urinary protein proteinuria is apparent on dipstick testing.
(The PCR can be calculated from the 24-hour urine collection and used as
a baseline.)

• Organize serum screening and nuchal translucency scan

• Start low-dose aspirin

• Start calcium and vitamin D as indicated

• Review current medications and ensure they are optimized for pregnancy

• Consider LMWH if indicated

From 12 weeks to 28 weeks of
gestation, alternate visits to the
obstetrician and to the nephrologist
should occur such that the pregnant
woman is seen fortnightly if abnormal
GFR and monthly if normal GFR

• Full blood count, creatinine and electrolytes, liver function and spot urinary
PCR should be performed four weekly for women with abnormal GFR and
eight weekly for women with normal GFR at initial visit.

• MSU should be performed four weekly or more frequently if high risk of
documented recurrent UTIs

• A detailed anomaly scan should be offered between 18 and 22 weeks

• Uterine artery Doppler assessment at 23–24 weeks may be offered

Thereafter until delivery, visits to the
obstetrician and nephrologist should
be fortnightly, alternating so that the
pregnant woman is seen weekly

• Full blood count, creatinine and electrolytes, liver function and spot urinary
PCR should be performed two weekly for women with abnormal GFR and
four weekly for women with normal GFR at initial visit

• MSU should be performed four weekly or more frequently if high risk of
documented recurrent UTIs

• For women with impaired GFR, monthly growth scan, umbilical Dopplers
and amniotic fluid measurement is suggested

Following delivery, routine obstetric
review at six weeks postpartum is
required, but nephrology review
should occur within the first four
weeks as impairment of renal function
may occur even after delivery in
women with underlying renal disease
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these pregnancies are certainly high risk compared
with that in a normal pregnant woman, it is important
for clinicians to remember that, provided a diligent
approach such as that recommended in this chapter is
taken, the final pregnancy outcome in most cases is
successful for both mother and baby. For this reason,
it is appropriate that clinicians managing a pregnant
woman with CKD take a positive approach to the
pregnancy, at all times emphasizing the need for dili-
gence and assessment for potential complications, but
highlighting that the end result in most cases will be
good, which will in turn help to relieve some of the
stress that accompanies pregnancy for these women.
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Chapter

6
Midwifery Issues
Floria Cheng

Introduction
Pregnancy and childbirth are viewed as rites of passage
for the majority of women. Midwives enter the profes-
sion to care for women undergoing this natural process.
With improved medical care and therapeutics, more
women with preexisting medical conditions such as
Chronic kidney disease (CKD) are now becoming preg-
nant. Delivering care in a very medicalized setting may
pose a challenge for many midwives. The focus is on
patient-centered care in the context ofCKD.Thewoman
should be the focus of her care, not her disease.

This chapter covers the theory of renal midwifery:
the role of the specialist midwife, the importance of
coordinated care, continuity of care and shared
decision-making with a focus on “normalized” care
without compromising safety of the mother and baby.
There are practical tips on delivering optimal patient-
focused care to meet the special needs of these women.
These include: prepregnancy counseling, antenatal vis-
its and monitoring, medication, birth planning, intra-
partum care, postnatal support and breastfeeding.
The midwife works in equal partnership with the mul-
tidisciplinary team to ensure the woman is the focus of
her care, not her renal condition. She acts as her advo-
cate and coordinator of care. Care is “normalized” –
but without compromising the safety of the mother
and her unborn child. The midwife is an integral part
of the multidisciplinary team striving for a successful
pregnancy outcome and a positive pregnancy and
delivery experience for women with CKD.

Theory of Renal Midwifery

Role of Specialist Midwife
There are different models of midwifery care for
women with medically high-risk pregnancies. Some
maternity units offer joint care in the obstetric med-
ical setting with the support of a specialist midwife.
Others offer high-risk team midwifery care and the

women attend separate obstetric clinics for medical
care. Some receive fragmented antenatal care at
antenatal clinics or community and medical care at
an outpatient clinic, which may be located in
a different hospital.

Ideally, women with preexisting renal disease
should be cared for by a multidisciplinary team
(MDT). The MDT requires, as a minimum, an obste-
trician, a renal/obstetric physician and a specialist
midwife, all with expertise in the management of
CKD in pregnancy (see Consensus Statements).

The latest UK maternal death report from 2014
states: “Women with pre-existing medical conditions
who become pregnant require a high standard of
joined-up multidisciplinary care. Pregnant women
who develop serious medical conditions in pregnancy
will require urgent involvement of relevant specialists
alongside the obstetric team. This should be at
a senior level. A single identified professional should
be responsible for coordinating care” [1].

It does not specify who should be the single iden-
tified professional. A specialist midwife in renal or
maternal medicine with the following attributes may
be the ideal person:

• Knowledgeable in CKD and pregnancy
• Flexible approach in care planning
• Easily accessible
• Proactive – attention to details
• Good communication skills with the women and

MDT
• Advocate for normality and shared decision-

making
• Educator to the women – pregnancy and health

education
• Trainer for midwives

Women-Centered Coordinated Care
According toMaternity Services in England [2], 79 per-
cent of women are within a 30-minute drive of both an
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obstetric unit and a midwifery-led unit. Women with
CKD 1–2 and in general good health should be able to
receive obstetric care locally.However, those withCKD
3–5 will need to travel further to a tertiary maternity
unit. Antenatal care is recommended by the National
Institute of Clinical Excellence (NICE) [3]: “In an
uncomplicated pregnancy, there should be 10 appoint-
ments for nulliparous women and 7 appointments for
parous women.” It also states that women with renal
disease will require additional care. For women with
CKD, this may increase to 13–18 visits, and women
may undergo at least five ultrasound scans.
Hospitalization may be required if the renal condition
deteriorates or other complications such as preeclamp-
sia arise. This can cause huge disruption in women’s
daily life, includingwork and childcare. If possible, care
should be planned around the women, and organized
in a way to minimize disruption to their daily life.

The usual schedule of care for most women with
CKD includes:

• Doctor appointments – obstetricians,
nephrologists, obstetric physicians, etc.

• Midwives appointments
• Ultrasound scans – fetal scans and renal scan
• Glucose tolerance test – if screening criteria met
• Blood tests: routine antenatal and renal
• Antenatal classes
• Other appointment: anesthetist clinic, if required;

anti-D injection if rhesus negative

Attempting to juggle patients’ schedules of work,
clinic/hospital visits and childcare often leads to
added stress and nonattendance in clinics, potentially
impacting negatively a woman’s emotions and per-
ceptions of her pregnancy. Moreover, women with
CKD have increased risk of pregnancy complications
such as hypertension, preeclampsia, premature birth,
low birth weight and depression [4, 5]. These compli-
cations frequently result in an increased number of
clinic visits or require hospital admissions.

For the women who need several different ser-
vices, effective coordination and prioritization of
care is needed to minimize the impact of multiple
visits [6]. Whenever possible, multiple hospital
appointments should be organized on the same day,
e.g. ultrasound scan, glucose tolerance test, nephrol-
ogist/obstetrician and midwife appointment. Women
should be empowered to arrange these appointments
if possible. In turn, health professionals should try to
adopt a more flexible approach and be more

accommodating of their patients’ schedules and
other commitments. The midwife can be pivotal in
organizing this schedule of care.

Some consider that midwifery care should be deliv-
ered outside the clinic or hospital setting in order to
“normalize the care.” This depends on the woman’s
preferences, but choosing to meet outside the hospital/
clinic setting will create extra appointments. Moreover,
the advantage of meeting on the same day is that this
enables the midwife to offer timely support and further
discussions that have taken place with the other health
professionals and the midwife will be able to liaise with
the MDT if necessary.

Continuity of Care and Trust
The number of healthcare professionals involved in
antenatal care for a woman with CKD should be kept
to a minimum. This helps to build a trusting relation-
ship, and aims to reduce pain relief in labor and
antenatal admission. Ideally one-to-one midwifery
should be arranged. If this is not possible, a midwife
should be identified as the main contact and coordi-
nate her care.

“Individualised attention from supportive, car-
ing and experienced midwives mattered more than
anything else” [7]. Women need time and
a trusting relationship to share their thoughts
and concerns. They also have their own views on
the safety of maternity care, which include their
perception of the skills and professionalism of
those providing care. Specialist midwives need to
maintain the knowledge and skills for safe and
effective practice as stated in the Midwives Code
[8]. Those looking after women with CKD need to
be knowledgeable about renal disease and comor-
bidities in order to assess women’s health and
pregnancy. Women should not feel that their mid-
wives are unable to discuss or answer questions
about their medical condition. Trust will develop
when women feel safe and are reassured that their
midwives understand their anxiety related to their
medical concerns. This rapport is the foundation
for open discussion of management and health
education.

Easy accessibility via telephone or drop-ins to the
midwives provides constant support and reassurance.
This may impact their management as they are likely
to seek help or advice sooner from their midwives
when they feel unwell.
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Advocate for Shared Decision-Making
Berg and Dahlberg’s phenomenological study described
“women’s need for information was very great and was
a pre-requisite for feeling participative” [9]. Women
expressed a loss of control and an awareness of having
an unwell, high-risk body with exaggerated responsibil-
ity, including constant worry, pressure and self-blame
[10]. Even if they understand their need for specialist
care, they need to be involved in the process. Shared
decision-making has been hailed as the pinnacle of
patient-centered care [11]. It promotes a feeling of
being in control and not just being told what to do.

Miranda Dodwell thinks “this process requires
a balance of power in the relationship, with the patient
being empowered to contribute to the decision-making,
but with no corresponding loss of professional power
from the point of view of the clinician” [12].

Clinicians always think that they are sharing deci-
sion and doing the best for the patients. Patients may
vary in their views about the balance of risks, benefits
and side effects of treatments [6]. Every opportunity
should be taken to explore women’s understanding of
the discussion and help them make a decision.

Those who develop renal disease during preg-
nancy may be resentful that their pregnancy is man-
aged as high risk, and this has implications for their
choice of birth. They need more time and support to
come to terms with the change. Shared decision-
making allows them to take a more active role in
their care. Decision-making and partnership in care
may be an unfamiliar concept for some women who
take a passive role in their culture or speak little
English, and they should be encouraged and assisted
to take an active role in their care.

Normalized Pregnancy Care
The Maternity Service in England 2013 report states
that “Pregnant women receive care from a range of
health professionals. All are cared for by midwives,
who act as the coordinating professional for every
birth.” One of its aims is for women to have
a positive experience and to encourage normality in
birth [13]. However, it also states, “increased complex-
ities increase the risks of childbirth, meaning care often
requires greater clinical involvement.”Normalized care
of a medically complicated woman does not entail the
exclusion of the medical profession, but is a concerted
effort to bring a semblance of normality to a woman
with multiple complex comorbidities.

Some women may feel that their pregnancy care
takes second place to their medical needs. Midwives
can make sure that all antenatal care is delivered in
a timely fashion and women have opportunities to
discuss any aspects of their care. Midwives can use
their medical knowledge about the effects of CKD on
childbirth to emphasize normality. Care is individua-
lized with attention to women’s special needs to
ensure a safe pregnancy.

Practical Issues
Although pregnancy with renal disease is labeled as
“high risk,” with vigilant and regular surveillance, the
pregnancy outcome in most cases is good. Women
should be reassured and the importance of clinic visits
emphasized. The section that follows discusses prac-
tical issues in providing individualized care.

Prepregnancy Counseling
• If possible, women should meet the renal/

maternal medicine specialist midwife at the
prepregnancy counseling consultation.

• If no designated midwife is available, they should
be given the name of the specialist midwife in the
tertiary center whom they can contact once
pregnancy is confirmed.

• In this meeting, the midwife can discuss further
details of the following:

• Schedule of care and hospital visits required
• Lifestyle modification, especially if overweight
• Medication: folic acid, aspirin and other

pregnancy-compatible medication
• Contact details for further discussion
• Information regarding how, when and where

to refer once pregnancy confirmed. Early
referral to the hospital booking office is
important. Self-referral is the preferred choice
if available. Delay from general practitioner
referrals causes undue anxiety.

• Clarify any issues raised such as mode of
delivery

First Antenatal Visit

Booking Appointment
• The booking appointment with the midwife

usually takes place between 6–10 weeks’ gestation

Section 3: Antenatal Care
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in order to complete the pathway by 12+6 weeks of
pregnancy for screening for sickle cell disease and
thalassemia recommended by Public Health
England (PHE) [14].

• Women with CKD have access to the specialist
midwife, and may have attended obstetric or renal
clinics before the booking appointment. If not,
once CKD is identified at the booking
appointment, they should be referred to the MDT.
A system of clear referral pathway should be
established so that pregnant women who require
additional care are managed and treated by the
appropriate specialist teams when problems are
identified [3].

• Some women may not aware of any preexisting
renal conditions. They should be referred to the
obstetrician and/or nephrologist for assessment,
as they may require further investigation and
a different care pathway if any of the following are
noted:

• History of previous renal condition but
without further renal outpatient follow-up

• Family history of autosomal dominant
polycystic kidney disease (ADPKD)

• Recurrent urinary tract infection
• Proteinuria at first visit and urinary tract

infection excluded
• Previous urological procedures, e.g.

nephrostomies
• Kidney donor

• Arrange genetic counseling for women with
ADPKD if desired. It is an autosomal dominant
disease and there is a 50 percent risk of the
baby inheriting the disease if one parent is
affected.

Down Syndrome Screening
• Screening for Down syndrome should be

discussed at the first antenatal appointment.
The Combined Screening Test which screen for
Down’s, Edward’s and Patau’s Syndrome (nuchal
translucency, free β-HCG, PAPP-A) is
recommended by PHE between 11+2 and 14+1
weeks. Quadruple test (alpha fetal protein, total
HCG , unconjugated eostriol and inhibin A) is
offered between 14+2 and 20+0 weeks of
pregnancy if too late for Combined Screening
Test. This test screens for Down’s Syndrome
only.

• For women with CKD 3–5, the nuchal
translucency scan is preferable to the Combined
Screening Test as there is increased risk of false
positive results (see Chapter 5), and women
should be counseled accordingly.

• The new noninvasive prenatal test for Down
syndrome (free fetal DNA) may be the preferred
choice. However, it is currently not available
within the National Health Service, but this may
change in the future.

Medication
Folic acid 400mcg [3] – to reduce risk of neural tube
defects such as spina bifida.Those with diabetes,
hypertension, previous history of preeclampsia, or
family history of neural tube defect will need a higher
daily dose of 5mg.
Low-dose aspirin [15] to minimize risk of
preeclampsia
Vitamin D supplementation of 400 i.u (10mg) [3, 16]
as recommended by the National Institute of Health
and Clinical Excellence (NICE). Women with renal
disease may be vitamin D deficient and require
a higher dose.
Calcium supplements, e.g. Adcal D3, depend on renal
condition and calcium and vitamin D levels.
Thromboprophylaxis – if they meet criteria
recommended by the Royal College of Obstetricians
and Gynaecologists [17] or have nephrotic syndrome.
It is important that advice on injection technique and
safe disposal of syringes is given.

Other considerations
Are they taking the correct dosage? Obese women
weighing > 90 kg may need a higher dose of low
molecular weight heparin (LMWH). For advanced
CKD, reduced dose of LMWH or unfractionated
heparin (UFH) may be required.
Are they agreeable to taking medication? If not,
explore the underlying reason.
Do they suffer from nausea or vomiting?
Do they need to see an anesthetist prior to delivery –
e.g. if on therapeutic doses of LMWH?

Women are aware of the risks posed by their
pregnancies, but do not perceive risk in the same
way as healthcare professionals. They will take steps
to ensure the health of themselves and their infants,
but these may not include following all medical
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recommendations [18]. Many are reluctant to take
medication as they are concerned about the safety
profile in pregnancy and information they obtain
from the Internet. If they express doubts or admit to
not taking medication, midwives should explore their
concerns and refer for further counseling. They need
reassurance from the specialists in theMDT about the
risks and benefits of medication.

Nausea and vomiting can affect medication
regimes. Psychological support and dietary advice
to minimize triggers should be offered. If not
resolved, anti-emetics such as cyclizine, metoclopra-
mide, prochlorperazine and ondansetron [19] can be
used. In severe cases, some women may require
admission.

Chapters 5 and 7 provide further information on
medication in pregnancy.

Fetal Assessment
• Fetal ultrasound scans – viability scan (if

applicable), nuchal translucency scan, anomaly
scan, uterine Doppler scan (if applicable) and
growth scans at 28, 32 and 36 weeks. Extra scans if
abnormalities detected.

• Early anomaly scan at 16 weeks’ gestation for
those exposed to teratogenic medication such as
mycophenolate mofetil (MMF) during the first
trimester.

• Fetal echocardiogram – Arrange at 16–20 weeks’
gestation if anti-Ro/La antibodies positive to
exclude fetal heart block with fetal heart
auscultation every one to two weeks between
18–28 weeks according to local policy.

Role of Midwife in Ongoing Care
in Pregnancy
• Blood pressure (BP) and urinalysis at each visit for

early signs of preeclampsia
• Fetal well-being: fetal heart rate and movement,

and review growth scan reports
• Review medication and monitor drug levels, e.g.

tacrolimus
• Blood tests – interpret and communicate results
• Anti-D injection if rhesus negative
• Emotional and social support – discussion of any

concerns during clinic visits. Additional support
for women with disability, learning difficulties,
mental health issues. Refer to other agencies such

as social services for child protection or for
domestic violence if applicable.

• Easy accessible support via telephone contact or
drop-in arrangement

• Visit women during hospital admissions to
provide support

Antenatal Classes
• Encourage to attend antenatal classes especially if

primigravid to build up confidence to prepare for
birth and motherhood. Social support developed
during antenatal classes can have a protective
effect against postnatal depression.

• Not all information is applicable for woman with
CKD 3–5. Delivery at an obstetric unit is
recommended by NICE [20]. Home birth, delivery
at a birthing center or water births are not
advisable due to requirements for maternal and
fetal monitoring. Women should be informed of
these recommendations at an early stage of their
pregnancy to avoid disappointment and give them
time to plan alternative delivery.

• Encourage partner to attend classes and provide
support.

• Use of good websites such as www.nhs.uk/mypre
gnancy for online resources.

Screening for Other Medical Complications
• Gestational diabetes – screening for gestational

diabetes (GDM) as recommended by NICE [21]
and for those on immunosuppressant drugs or
oral steroid therapy should be arranged as per
local policy. Refer to the obstetric diabetes clinic if
GDM confirmed.

• Preeclampsia – blood pressure and urinalysis at
each visit

• Drug toxicity –monitor drug levels, e.g. tacrolimus
• Monitor for adverse drug effects – liver function

tests and white cell count
• Monitor for deterioration of renal function – urea

and electrolytes, creatinine, albumin and
bicarbonate and additional tests for disease activity

• Anemia– full blood count and ferritin –may need
erythropoietin-stimulating agents

• Ongoing venous thromboembolism
assessment – as result of deterioration of renal
function and complications, including hospital
admission

Section 3: Antenatal Care
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Communication with Healthcare
Professionals and Women
• Communicate with GPs and women about

abnormal results and prescription drugs.
• Attend MDT meetings.
• If fetal abnormalities or suboptimal fetal

growth are detected, liaise with fetal medicine
specialists for scans and coordinate these with
other appointments to minimize travel to the
hospital.

• If very preterm delivery is anticipated, liaise
with breast milk bank coordinator for
discussion of using donor milk. Arrange
consultation with neonatologist and visit to
neonatal unit.

• If a woman miscarries, liaise with gynecology
team for medical or surgical procedure.
Termination of pregnancy may be required for
fetal abnormalities or severe early-onset
preeclampsia.

• For women receiving dialysis, liaise with dialysis
team for dialysis and clinic appointments. Ensure
contact details for the obstetric team and
a delivery pack are kept in the dialysis center in
case of emergency.

Birth Planning
• Aim for vaginal birth. Women with CKD do not

need a Caesarean section unless there are obstetric
indications. Midwives can clarify any
misconceptions preferably at early stage of
pregnancy to allay anxiety.

• If induction of labor is required due to
deterioration of renal function, preeclampsia or
fetal growth restriction, continuous electronic
fetal monitoring will be required. However,
women can still employ natural birth techniques
with support from the midwife and partner.

• Birth partner – her choice for best support during
labor.

• Pain relief –All forms are available to women with
CKD. If receiving thromboprophylaxis, need to
discontinue 12 hours before epidural. Arrange for
the woman to see an obstetric anesthetist if
morbidly obese, on therapeutic LMWH or
thrombocytopenic or other potential anesthetic
issues.

• Support network of friends and relatives

Intrapartum Care
• Continuity of care during labor is shown to reduce

use of analgesia and Caesarean section.
The midwife is supportive but not intrusive.

• Telemetry monitoring is preferable if continuous
fetal monitoring is required.

• With the support of the midwife, birthing
environment can be modified and women
encouraged to use natural birth techniques and
equipment.

Postnatal Care

Immediate Care
• Continue regular observations especially BP for at

least 48 hours post delivery as hypertension may
reoccur or become more severe.

• Offer support in skin-to-skin contact and
breastfeeding

• Fatigue can increase risk of flares/relapse of lupus
and some medical conditions. Assist in care of
baby and help women build up confidence in
motherhood

• Monitor the baby as per local policy if born low
birth weight or mother has preexisting diabetes or
GDM

• Observe for signs of disease flare and postnatal
depression.

Breastfeeding
• The World Health Organization (WHO)

recommends exclusive breastfeeding (breast milk
only, with no water, other fluids or solids) for six
months, with supplemental breastfeeding
continuing for two years and beyond [22].

• Encourage women to attend breastfeeding classes
or workshops.

• Discussion about safety of medications in breast
feeding should take place prior to delivery. Clear
advice should be given based on risks and benefits
of breastfeeding and the safety profile of
medication. How this counseling is delivered may
affect the woman’s perception. Any expressed
concern can undermine a woman’s confidence
about breastfeeding. Prednisolone, azathioprine,
ciclosporine, tacrolimus and hydroxychloroquine
alone or in combination are considered safe in
pregnancy and breastfeeding (see Chapter 7).

Chapter 6: Midwifery Issues

67
07

18:05:33



• Support the woman in her chosen method of
feeding. Shemay choose to bottle feed to avoid any
uncertainty on long-term effects for the baby.

• In England from 2012 to 2013, 73.9 percent of
babies were initially breastfed. By six to eight
weeks of life, only 32.3 percent are totally and
14.9 percent partially breastfed [23]. All women
should be offered support by professional or lay/
peer supporters, or a combination of both to
breastfeed their babies to increase the duration
and exclusivity of breastfeeding.

• Breast milk is especially beneficial for babies born
preterm.Women should be encouraged to express
breast milk and liaise with the infant nutrition
specialist at the neonatal unit.

• Contact details for breastfeeding-support schemes
in the community should be given prior to
discharge.

• Little vitamin D is secreted into breast milk, and
NICE recommends supplements for all pregnant
and breastfeeding mothers [16].

Postnatal Follow-Up
• Ensure women with CKD have a follow-up

appointment with the MDT or nephrologist
arranged before discharge. This is important to
review medication and assess renal function.
Pregnancy-induced hypertension and preeclampsia
usually has resolved by six weeks postpartum.

• Clear written discharge summary to all healthcare
professionals with information about renal disease
and specific instructions for monitoring and
follow up appointment is imperative.

• Health education for those who developed CKD
during pregnancy is important (see Chapter 9).

Contraception
• Contraceptive advice must be given before

discharge, especially for women who have suffered
complications in their pregnancy (see Chapter 3).

Conclusion
High-quality maternity care involves practices shown
to be safe and effective for mothers’ and babies’ health
and well-being and are valued by women and their
families [24]. Midwives need a broad medical knowl-
edge in order to provide comprehensive care, trusted
by the woman and respected by the MDT. “The basis
for genuine midwifery caring is mutual respect and

confidence between different healthcare profes-
sionals, with all striving for same goal to promote
mothers’ well-being during pregnancy and childbirth
with as little sickness, complication and intervention
as possible” [25]. A positive pregnancy experience is
vital to building women’s confidence in motherhood
and future pregnancy. Research is needed to explore
the experience of pregnant women cared for in
a setting where midwives and the medical team work
in equal partnership.
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Chapter

7
Drugs in Women with Renal Disease and
Transplant Recipients in Pregnancy
Graham Lipkin, Asif Sarwar and Ellen Knox

Introduction
A recent study found that 80 percent of pregnant
women in the United States receive prescription
drugs and nearly half of these may be harmful to the
fetus [1]. Almost all women known to suffer from
chronic kidney disease (CKD) require antenatal drug
treatment. Most of these drugs are started prepreg-
nancy for the underlying condition or comorbidity.
Medicines’ optimization is therefore critical; to
enhance pregnancy outcomes in women with CKD,
advice should be given at the time of prepregnancy
counseling. We focus on immunosuppressive agents
commonly used by women in the treatment of renal
disease as well as erythropoietic stimulating agents
(ESAs), cinacalcet and commonly used antibiotics.
Antihypertensive agents are frequently required but
are covered in Chapter 8.

Prepregnancy counseling is critical to safe and
effective drug use by women with known renal disease
in pregnancy. Consideration of risk/benefit balance to
both mother and fetus surrounding the initiation or
stopping of drug treatment prepregnancy or during
pregnancy is a key challenge for the multidisciplinary
team caring for these women.

Search Strategy
The evidence base available to guide women in this
area is limited and relies on case reports, incomplete
registry data, case control series and non-controlled
meta-analysis. These were identified from Entrez Pub
Med search, relevant review articles, TOXbase,
National Teratology Information Service (NTIS),
Micromedex, the British National Formulary, refer-
ence guides [2], expert opinion and relevant pharma-
ceutical company pregnancy databases.

General Principles of Teratogenicity
An agent is a teratogen if its administration to the
pregnant mother directly or indirectly causes

structural or functional abnormalities in the fetus or
in the child after birth, which may not be apparent
until later life [3]. The belief that the developing fetus
was protected by an effective placental barrier from
adverse effects of drugs in the maternal circulation
was shattered by the experience with thalidomide
more than 50 years ago. Almost all drugs present in
the maternal circulation reach the fetus to a greater or
lesser extent.

Factors Affecting Exposure and Impact
of Maternal Drugs on a Fetus
The interface comprises the uteroplacental circula-
tion, umbilical vein and the uniquely positioned fetal
liver through which all drugs must pass to reach the
fetal circulation (see Figure 7.1). Fetal drug exposure
and its impact are determined by a complex interplay
of pharmacokinetic and pharmacodynamic factors of
which many aspects are incompletely understood.
These include:

i) Timing of drug exposure in relationship to fetal
development

During the pre-embryonic stage (conception to 17
days), the “all or nothing effect” of drugs is thought to
apply. Toxic damage to the dividing blastocyst will
either result in its destruction, leading to miscarriage

Maternal-Fetal Interface

Drug Transfer

IVC
Fetal
liver Placenta Uterus

Figure 7.1 Maternal-fetal circulation and drug transfer
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or, if damage is incomplete and the toxin short lived, the
damaged cells may be replaced, allowing continued fetal
development. Organogenesis occurs mainly during the
embryonic stage, which is largely complete by the tenth
week. Thus drug exposure in the first trimester is more
likely to increase the rate of miscarriage or structural
abnormalities (e.g. spina bifida), whereas subsequent
exposure is more likely to result in growth restriction.
ii) Factors affecting transplacental drug passage [4]

Placental drug transfer occurs largely by diffusion
across a concentration gradient. However, agents of
high molecular weight such as ESAs, heparins or insu-
lin are excluded by their size. Non-ionic and lipophilic
drugs cross more easily than polar drugs. Metabolism
of drugs by placental or fetal liver prior to reaching the
fetal vena cava can significantly impact exposure to
drugs administered to the mother. Prednisolone is
extensively metabolized to inactive products by the
placenta with 10 percent only reaching the fetus.
Azathioprine is converted to the active metabolite
6-mercaptopurine (6-MP) by the liver. While
azathioprine crosses the placenta the fetal liver has
relatively low levels of the activating enzyme, inosinate
pyrophosphorylase, leading to low cord levels of 6-MP,
possibly protecting the fetus from toxicity [5].
iii) Differences in susceptibility

The background rate of congenital abnormality in
the European population is 2–4 percent. It is not clear
why exposure to a known teratogen at the same stage
in pregnancy at the same dose will give rise to fetal
malformation in some but not all pregnancies.
Of note, only 20–30 percent of exposures to thalido-
mide during the first trimester led to fetal abnormal-
ities [2], thus pharmacogenetic issues may be relevant.
iv) Dose–response relationships

Although idiosyncratic effects are described, most
teratogenic effects appear dose related. Estimates of
the cumulative exposure to the drug may be more
important in relation to teratogenic effects than short-
term transplacental transfer [4].

Guidance on Drug Use in Pregnancy

Principles of Drug Prescription in Pregnancy
(BNF70)
Prepregnancy counseling: drugs can have harmful effects
on a fetus at any time during pregnancy. It is important
to bear this in mind when prescribing for a woman with
CKD of childbearing age. Prepregnancy counseling

wherever possible is of particular importance to women
with renal disease who are considering pregnancy.
It allows discussion of relevant risks and appropriate
modification of drugs in advance of conception.

During the first trimester, drugs can produce con-
genital malformations (teratogenesis), and the period
of greatest risk is from the third to the eleventh week
of pregnancy.

During the second and third trimesters, drugs can
affect the growth and functional development of the
fetus or have toxic effects on fetal tissues. Drugs given
shortly before term or during labor can have adverse
effects on labor or on the neonate after delivery.

The following general principles apply to prescrib-
ing drugs in pregnancy:

• Prescribe only if expected benefit is thought to be
greater than the risk to the fetus (e.g.
immunosuppression in transplantation)

• Avoid all nonessential drugs in first trimester if
possible

• Smallest effective dose should be used (drug level
monitoring wherever possible/relevant)

• Drugs that have been extensively used in
pregnancy and appear to be usually safe should be
used in preference to new or untried drugs

• Contribute to the registry evidence base wherever
possible

It is also worth noting that the absence of informa-
tion does not imply that the drug is safe.

Alternative sources of information. Information
on drugs and pregnancy is also available from the UK
Teratology Information Service: www.uktis.org.
The US Food and Drug Administration (FDA) had
adopted a classification that codes the safety categories
of drugs when used in pregnancy. These categories
have limitations when applied to women with CKD
in pregnancy. As from June 2015, these categories have
been replaced with a narrative that provides details
about the risks of the drug in:

1) pregnancy;
2) lactation;
3) females and males of reproductive potential.

Issues Specific to Patients with Renal
Disease
In patients with CKD, as in normal subjects, glomeru-
lar filtration increases substantially above baseline early
in pregnancy [6]. Agents excreted by the kidney may
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require dose increases to maintain therapeutic plasma
levels. Patients with CKD may experience a marked
increase in proteinuria reaching nephrotic levels, and
exhibit an exaggerated fall in serum albumin during
pregnancy, which impacts handling of drugs with
extensive protein binding. The computation widely
used to calculate eGFR outside pregnancy is not valid
[7], which complicates adjustment of drug dosing in
pregnancy in women with CKD.

Breastfeeding
Breastfeeding is beneficial to both mother and child;
the immunological and nutritional value of breast
milk to the infant is greater than that of formula
feeds and breastfeeding enhances bonding.

The British National Formulary (BNF70) con-
cludes that, although there is concern that drugs
taken by the mother might affect the infant, there is
very little information on this. In the absence of evi-
dence of an effect, the potential for harm to the infant
can be inferred from:

• the amount of drug or active metabolite of the
drug delivered to the infant (dependent on the
pharmacokinetic characteristics of the drug in the
mother);

• the efficiency of absorption, distribution and
elimination of the drug by the infant (infant
pharmacokinetics);

• the nature of the effect of the drug on the infant
(pharmacodynamic properties of the drug in the
infant).

We present the view of the authoritative texts such
as Briggs et al. [1] and those of the current BNF
together with existing information from literature
review in human studies.

Immunosuppressive Agents and
Pregnancy
Continuation of immunosuppression is essential to
the health of women treated by renal transplanta-
tion and in some with immunological renal disease
such as lupus. These women should be advised not
to stop their treatment once pregnant. The risks of
stopping immunosuppressive medications in preg-
nancy are frequently outweighed by the benefits of
continuation. The disease flare or rejection pose
a greater risk to mother and fetus than most of the
drugs used.

Many agents have established safety profiles in
pregnancy. For those that do not, these drugs should
be cautiously converted to those known to be safe in
pregnancy in advance of conception. Fertility in
women with advanced CKD or those treated by dia-
lysis is reduced [8]. Renal transplantation effectively
restores fertility, offering many women the chance of
a successful pregnancy usually without long-term
adverse impact on transplant function [9].
Nevertheless, these pregnancies are complex and pre-
paration, including post-transplantation contracep-
tive advice and prepregnancy counseling, is key to
reducing risk to mother and baby.

Consensus guideline statements and reviews cov-
ering the use of transplantation immunosuppression
in pregnancy and those with immunological renal
disease have been published, such as by the
European League Against Rheumatism (EULAR) [5,
10, 11]. A meta-analysis by Deshpande et al. found
that live birth and miscarriage rates in renal trans-
plant recipients were no worse than in the American
general population. However, the rates of preeclamp-
sia, gestational diabetes, intrauterine growth restric-
tion (IUGR) and preterm deliveries were substantially
higher [9]. The increased risk of pregnancy complica-
tions is a likely consequence of the underlying disease.

• Glucocorticosteroids
The most commonly used glucocorticoids are the
short-acting agents prednisolone and methylpredni-
solone, and the longer-acting dexamethasone and
betamethasone. They easily traverse the placenta.
The maternal/cord blood prednisolone ratio is 10:1,
suggesting substantial protection of the fetus from
maternal prednisolone exposure because of high
levels of the inactivating hormone 11-beta-
hydroxysteroid dehydrogenase in the placenta [5].
In comparison, dexamethasone and betamethasone
reach higher concentrations in the fetus because they
are less efficiently metabolized.

A meta-analysis of pregnancies with steroid expo-
sure confirmed there was no increase in the rate of
major malformations (3.6 percent versus 2.0 percent)
compared with the general population and no cluster
of malformations suggestive of steroid-induced tera-
togenicity [14]. A further study in Denmark from
2011 found no association of corticosteroids and an
increased risk of cleft lip and palate malformations
with exposure in pregnancy, including in the first
trimester [13]. No increased teratogenic risk has
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been demonstrated in mothers exposed to low doses
of prednisolone, though there may be an increased
risk of IUGR with prolonged courses (BNF72). Cases
of fetal adrenal suppression and fetal immunosup-
pression have been described with maternal use of
higher prednisolone doses, but not where maternal
prednisolone dose is kept below 15 mg/day [14].

Maternal Risks
Prolonged courses of antenatal glucocorticoids
increase the risk of gestational diabetes especially
when combined with other diabetogenic agents such
as tacrolimus [15, 17]. They may exacerbate hyperten-
sion and fluid retention, loss of bone mineral density
(also decreased by heparins) and preterm rupture of
membranes [16].

Breastfeeding
Following a 10 mg oral dose, trace amounts of pred-
nisolone are found in breast milk. Milk concentra-
tions range from 5–25 percent of maternal blood
levels [2]. A formal pharmacokinetic study on the
effects of a 50 mg IV dose demonstrated only
0.025 percent recovery from breast milk, which is
unlikely to be of clinical significance to the baby [18].

The consensus view is that prednisolone use in
pregnancy is not associated with an increased risk of
fetal malformations in usual doses. However, preg-
nancies in women receiving steroid therapy necessi-
tate close maternal and fetal monitoring, including
random blood glucose monitoring. Formal glucose
tolerance testing at the beginning of the third trime-
ster is recommended. It would appear that predniso-
lone is compatible with safe breastfeeding.

• Azathioprine
Azathioprine is used as a component of prophylaxis
from rejection in solid organ transplant recipients and
in patients with native renal disease, including those
with systemic lupus erythromatosis (SLE) or in the
maintenance stage of treatment for renal vasculitis.
It is usually combined with other immunosuppressive
treatment, including glucocorticoids. There is exten-
sive experience of this drug in pregnant women.

Azathioprine freely crosses the placenta, but to be
active, requires conversion to the active metabolite
6-mercaptopurine (6-MP) in the liver by the enzyme
inosinate pyrophosphorylase, which is deficient in the
developing fetal liver. The fetal liver metabolizes
azathioprine to the inactive metabolite thiouric acid

rather than 6-mercaptopurine. A radioactive labeling
study in human pregnancy reported that 64 to 93 per-
cent of azathioprine administered to mothers appears
in fetal blood as inactive metabolites [19]. It is thus
possible that the fetus is to some extent protected
from any teratogenic effects of azathioprine.

We rely on case series and registry data to deter-
mine adverse fetal effects in humans. No increased
risk for general or specific structural defects in
exposed babies has been noted in these studies,
although sample size is not sufficient to rule out
a small risk [20]. The reported rate of miscarriage
appears similar to that of the general population.
Azathioprine has been associated with dose-related
myelosuppression in the fetus [21]. Maternal
azathioprine dose at 32 weeks and at term correlates
with cord blood leucocyte count. Fetal leucopenia is
not usually a problem if maternal dose of azathioprine
is less than 2 mg/kg and maternal white cell count
greater than 7,500/L [14].

The National Transplant Pregnancy Registry
(NTPR) in the United States evaluated 146 kidney
transplant recipients who received azathioprine and
prednisolone (90.4 percent), azathioprine alone
(2.1 percent) or prednisolone alone (7.5 percent)
[22]. Complications in the azathioprine-treated
group included low birth weight and prematurity.
It is likely that these adverse outcomes reflected
maternal disease (renal dysfunction, hypertension,
diabetes etc.) rather than the drug itself [5]. There
were isolated cases of fetal abnormality that were not
in excess of that expected. The UK Transplant
Pregnancy Registry reported pregnancy outcomes in
209 cardiothoracic, liver and renal transplant recipi-
ents, most of whom received azathioprine. There was
no increased risk of first-trimester miscarriage or fetal
abnormalities [23]. Likewise no increased risk of
structural abnormality is reported in babies of
women treated with azathioprine during pregnancy
for lupus [20].

The consensus is that azathioprine should not be
suspended during pregnancy out of concern regard-
ing teratogenicity. Women should be advised in pre-
pregnancy counseling not to stop azathioprine on
finding they are pregnant. Conception while taking
azathioprine is not in itself grounds to recommend
termination of pregnancy. There is no current evi-
dence of teratogenicity in human pregnancy.
Nevertheless women requiring azathioprine use in
pregnancy for renal disease or transplantation should
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be considered at high risk of complications related to
the underlying condition. Their care requires careful
overview in a center experienced in management of
these patients.

Breastfeeding
The BNF recommends women require expert neo-
natal review. Consensus opinion is that breastfeed-
ing is not absolutely contraindicated [24]. A study
of azathioprine-treated lactating women reported
low levels of 6-mercaptopurine in only 2 of 31
breast milk samples and undetectable levels in 10
breast fed babies with no signs of immunosuppres-
sion [26]. This has been echoed in a further study
that estimated an infant exposure of less than
1 percent of the maternal dose [26]. Although
these studies were not in renal transplant recipi-
ents, their results are directly applicable to the
transplant population.

Ciclosporine and Tacrolimus
Ciclosporine (CyA) is a novel cyclic undacapep-
tide with potent immunosuppressive properties.
It has been widely used in the prevention of
acute rejection in solid organ transplantation, as
well as in the treatment of immune-mediated
native renal disease. Tacrolimus has a similar
mode of action and clinical toxicity profile,
including nephrotoxicity and hypertension. Both
drugs have a narrow therapeutic window and are
associated with the development of both func-
tional reversible and structural nephrotoxicity in
humans, as well as a diabetogenic effect that is
more commonly seen with tacrolimus. CyA
crosses the human placenta and CyA levels in
the placenta are equivalent to those in maternal
blood [27]. Tacrolimus also crosses the placenta
with approximately 71 percent of maternal blood
levels, but low neonatal exposure is likely due to
placental P-glycoprotein efflux [30].

Complex pharmacokinetic changes are seen in
CyA- and tacrolimus-treated patients in preg-
nancy. These include increased volume of distri-
bution due to gain in body weight, adipose tissue
and raised red cell mass. Hormone-induced
changes in liver metabolism and bile salt handling
also have an impact. As a consequence, a mean
dose increase of CyA of around 40–50 percent is
frequently required to maintain therapeutic CyA
levels (see Figure 7.2) [32]. Similarly, tacrolimus

is also affected by pregnancy and the fraction of
unbound tacrolimus is often increased (due to
factors such as low albumin and erythrocytes).
Caution should be exercised when interpreting
whole blood trough levels in the setting of maternal
hypoalbuminemia and anemia [30, 33]. Trough
blood levels should be monitored monthly, or more
frequently if drug therapy is introduced or with-
drawn or if there is suspicion of toxicity or decline
in renal function (the BNF should be checked or
pharmacy consulted for details). Measurement of
plasma or unbound tacrolimus levels have been sug-
gested, although there is no validation of this and
most units will not have access to these assays. Large
inter-patient variation in tacrolimus dose changes
are required to maintain stable trough whole blood
concentrations in pregnancy. Many centers choose to
run trough levels at the lower end of their prepreg-
nancy target range.

Miscarriage rates in registry series for women
taking calcineurin inhibitors are similar to those
reported in the general population; therefore,
early drug-induced fetotoxicity is unlikely (see
Table 7.1).

A meta-analysis of pregnancy outcomes in solid
organ transplant recipients taking CyA (n = 410)
reported a nonsignificant trend to a greater malfor-
mation risk when compared to controls who received
alternative immunosuppression [28]. However, the
absolute rate of congenital abnormalities was 4.1 per-
cent, which was not substantially different from the

CyA-dose mg/d
350
340
330
320
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300
290
280
270
260
250
240
230
220

–60 –50 –40 –30 –20
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–10 0 10 20 30

Figure 7.2 Ciclosporine dose requirements during pregnancy in
CyA-treated renal transplant recipients. (Week 0 represents
birth.) (from Fischer et al., American Journal of Transplantation
2005; 5 (11), 2732–2739) [26].
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general population and the finding has not been con-
firmed in other series. The prevalence of major struc-
tural malformations according to the NTPR was
approximately 4–5 percent, similar to the incidence
of 3 percent reported in pregnant women without
disease [17]. Numerous single-center and registry
reports have shown no evidence of an increase in
structural abnormalities in babies born to transplant
recipients taking ciclosporine or tacrolimus in preg-
nancy [5, 22, 23].

The NTPR explored the issue of whether ciclos-
porine treatment might be the cause of low birth
weight in renal transplant recipients taking azathiopr-
ine. They ascribe the risk to known predisposing
factors, including drug-treated hypertension and pre-
maturity [23].

The maternal and fetal outcomes of tacrolimus or
CyA-treated transplant recipients in pregnancy are
similar [17], although gestational diabetes may be
more frequently seen in those treated with tacrolimus

(Table 7.2). Babies born to women treated with tacro-
limus may suffer transient renal impairment and
hyperkalemia and prompt neonatal assessment may
be needed [29].

An increased risk of intrahepatic cholestasis of
pregnancy (ICP) has been reported in CyA-treated
(but not tacrolimus-treated) renal transplant recipi-
ents, an effect possibly mediated by CyA-induced
inhibition of the bile salt excretion pump[34]. Seven
of 23 CyA-treated renal transplant recipients suffered
this complication against a background incidence of
around 1 percent.

The effects of in utero drug exposure may not be
apparent at birth and subtle effects on neurocognitive
or immunological function or long-term blood pres-
sure or renal function may not be seen for more than
a decade or longer. There are inconsistent reports of
immunological abnormalities in babies born to trans-
plant recipients [5]. A recent study prospectively
assessed the immune profile of infants born to
mothers with kidney transplants with follow-up sur-
veillance and clinical outcomes in the first year of life
[35]. Importantly, the researchers report an increased
risk of severe infections requiring hospitalization
among these infants compared with those born to
healthy women, as well as subtle immune system
perturbations. These findings emphasize the necessity
of further close study of the immune system in chil-
dren who might be at risk of adverse outcomes as
a result of in utero exposure to immunosuppressive
agents. Neurocognitive development was assessed in
a follow-up study of children born to CyA-treated
female transplant recipients [36]. Twenty-four per-
cent showed some delay, but the relationship to drug
treatment rather than prematurity was unclear.

Rabbits exposed to CyA in utero exhibit reduced
nephron number and develop hypertension and pro-
gressive CKD in adult life [37]. Human studies in the
general population show an inverse correlation

Table 7.1 Comparison of outcome of pregnancy in ciclosporine- and prednisolone-treated renal transplant recipients

UK Transplant
Registry [5, 20, 21]

US National Transplant Pregnancy Registry [5] Deshpande meta-
analysis (2011) [9]

Ciclosporine-
treated

Steroid/ azathioprine-
treated

Age
<30

Age
>30

Miscarriage
(before 24
weeks)

11% 16% 7% 10.2% 16%

Table 7.2 Pregnancy outcomes in transplant recipients
reported to the US National Transplant Pregnancy Registry [26]

Ciclosporine
(Neoral)-treated
women (146
pregnancies)

Tacrolimus-
treated
women (70
pregnancies)

Hypertension 72% 58%

Diabetes
during
pregnancy

3% 10%

Miscarriage 19% 24%

Live births 79% 71%

Low birth
weight

50% 50%

Newborn
complications

50% 54%
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between birth weight and blood pressure in later life.
Preliminary data suggest renal function and blood
pressure of children born to mothers treated with
CyA during pregnancy appear to be normal [38].
However, long-term follow-up studies of children
from these mothers are awaited.

Accumulated experience with the use of ciclospor-
ine and tacrolimus during pregnancy supports their
use where required. Currently there is no evidence of
teratogenicity. European Best Practice Guidelines
suggest that ciclosporine and tacrolimus may be con-
tinued during pregnancy [10]. Preterm labor and
small-for-gestational-age (SGA) infants are not
uncommon outcomes and pregnancy in women tak-
ing these agents should be carefully monitored. Drug
dose requires review based on trough levels and gesta-
tional diabetes may occur with both drugs, although it
is more common with tacrolimus treatment. Whether
there will be long-term immunomodulatory or renal
effects in offspring exposed to ciclosporine in utero is
unknown.

Breastfeeding
The BNF comments “present in breast milk – manu-
facturer advises avoid.” There are however, limited
data on which to advise. Again several experienced
units, including our own, have allowed breastfeeding
in CyA-treated women and have noted no drug-
related problems in their babies. Reports of breast
milk CyA levels approach those in maternal blood.
However, CyA was detected in only one out of six
infants tested and infant development up to one year
was reported as normal [39, 40]. This has been con-
firmed in case reports in a colitis and renal transplant
patient, the latter estimating the dose that the infant is
exposed to as approximately 0.33 percent of the
weight-adjusted maternal dose [41, 42].

Two reports identify minimal tacrolimus transfer to
the infant by breastfeeding with calculated dose expo-
sure being between 0.02 and 0.5 percent of the mother’s
weight-adjusted dose [34, 36]. An observational cohort
study of 14 women found that the weight-adjusted
infant dose is 0.23 percent of the maternal dose. As the
mothers were taking tacrolimus throughout their preg-
nancies, a serial reduction in infant tacrolimus levels of
15 percent per postpartum day was seen [43]. By one
week postpartum no baby had detectable blood tacroli-
mus levels. The consensus opinion is that breastfeeding
is not contraindicated. However, in this scenario the
authors support breastfeedingwhere babies are carefully

monitored, including weekly measurement of immuno-
suppressive levels in the infants [24].

• Mycophenolate Mofetil (MMF) and
Enteric-Coated Mycophenolic Sodium
(EC-MPS)
Mycophenolate mofetil is the ester prodrug of myco-
phenolic acid (MPA), a reversible inhibitor of inosine
monophosphate dehydrogenase, which blocks de
novo purine synthesis in T and B lymphocytes. It is
licensed for the prevention of acute rejection follow-
ing solid organ transplantation and has become the
standard of care, usually in combination with steroids
and tacrolimus, as first-line immunosuppression in
renal transplantation in the United States and
Europe. MMF is also indicated for treatment of severe
renal manifestations of systemic lupus erthythemato-
sis [44].

Transplacental transfer of MPA has been demon-
strated in pregnant women, achieving fetal plasma
levels similar to those found in the mother [45].
Mycophenolate mofetil and enteric coated-
mycophenolate sodium (EC-MPS) are classified by
the Medicines and Healthcare Products Regulatory
Agency (MHRA) as proven teratogens in animals
and in humans. They should not be initiated until
a negative pregnancy test has been obtained.
Effective contraception must be used before and
throughout treatment.

The NTPR reported outcomes of 97 pregnancies to
68 women exposed to MMF or EC-MPS during preg-
nancy. A high rate of miscarriage was noted (49%),
suggesting early embryo toxicity. Of the 48 live born
infants, 23 percent had structural malformations,
much higher than themalformation rate of 4–5 percent
in non-MMF-treated patients [16]. Abnormalities
reported bore similarity to those described in preclini-
cal studies, including cleft lip and palate, microtia,
diaphragmatic hernia, hypoplastic nails, shortened fin-
gers and congenital heart defects. In a prospective
study in 57 MMF-exposed pregnancies between 1998
and 2011, miscarriages occurred in 28 percent and
elective abortions in 21 percent. Of the 29 live births,
62 percent were premature, 20 percent had major mal-
formations as described earlier and 31 percent had low
birth weight [46].

Themanagement of a woman who conceives while
taking MMF should be individualized and the woman
counseled as to the risks of teratogenicity and the
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potential consequences of conversion to alternative
drugs known to be safe in pregnancy, usually
azathioprine. Immunosuppression drug change in
pregnancy is not without some risk of toxic side
effects or rejection. Each case should be assessed on
its individual merits, taking into account stage of
pregnancy, past history of rejection and complica-
tions. The option of termination must also be sensi-
tively discussed. The long-term impact of exposure of
the fetus to MPA at conception remains unknown.

Babies born to fathers treated with MMF or EC-
MPS have not been reported as having a greater risk of
adverse pregnancy outcomes. NTPR data for 152 males
who fathered 208 infants showed that there was com-
parable rate of prematurity, low birth weight, birth
defects and fetal loss rate when compared to population
estimates [47], and recent post-marketing surveillance is
consistent with this. However, in 2015 the UK MHRA
issued the following warning for men taking MMF:

• Men (including those who have had a vasectomy)
should use condoms during MMF treatment and
for at least 90 days after stopping MMF treatment.

• Female partners of male patients treated with
mycophenolate mofetil or mycophenolic acid
should use highly effective contraception during
treatment and for 90 days after the last dose [48].

A statement releasedby theRenalAssociation in 2016
recommends that potential fathers takingmycophenolate
derivatives are informed of the theoretical risks of expo-
sure to a fetus and given advice on contraception. These
theoretical risks of teratogenicity should be balanced
against the potential risk of exchanging this highly effec-
tive immunosuppressant for an alternative that, in the
case of transplant recipients, may result in an increased
risk of rejection. This can be accessed from www.renal
.org/docs/default-source/default-document-library/myc
ophenolate-and-fathers-to-be-letter-may-2016da90
a131181561659443ff000014d4d8.pdf?sfvrsn=049.

In practice, we recommend discussion of the ter-
atogenic risk of MMF or EC-MPS and the require-
ment for highly effective contraception in female
transplant recipients both at the time of transplant
listing and before discharge post transplantation.
Contraceptive advice is offered regularly post trans-
plantation in clinic and in prepregnancy counseling.
In women contemplating pregnancy, the risks of pre-
pregnancy cessation of MMF or EC-MPS and conver-
sion, usually to azathioprine, should be carefully
discussed with a patient and her partner after first
checking thiopurine S-methyltransferase (TPMT)

activity to exclude abnormal metabolism of
azathioprine. We advise women to defer conception
for three to six months post withdrawal of MMF to
ensure stable transplant function and inactive lupus.

Breastfeeding
There are no data on MPA excretion in human breast
milk, although studies in rats indicate that transfer
does take place (SmPC Cellcept®). There are no
reports of MMF or EC-MPS use in human lactation,
though theoretically the small molecular weight and
moderately long half-lives of the molecules suggest
that excretion in milk is likely. Therefore breastfeed-
ing is contraindicated with MMF or EC-MPS.

• Sirolimus and Everolimus
Sirolimus (also known as rapamycin) and everolimus
are potent macrocyclic immunosuppressive agents
whose primary mechanism of action is inhibition of
intracellular metabolic target of rapamycin (mTOR).
This results in inhibition of cytokine driven T-cell
proliferation. They are licensed in the United
Kingdom for prevention and treatment of acute rejec-
tion following solid organ transplantation (SmPC
Rapamune®). The safety of these agents in pregnancy
has not been determined.

Studies in animals indicate transplacental drug
transfer and fetotoxicity, reduced fetal weight and
delayed ossification in rats. Embryo toxicity was
increased when sirolimus was coadministered with
ciclosporine, consistent with the well-recognized
increased nephrotoxicity in this setting [1].

It appears that sirolimus is associated with gonadal
toxicity in both sexes, reducing fertility. Sirolimus
significantly reduces sperm counts and motility in
males aged 20–40 years post renal transplant, and
this translated to a lower actual pregnancy rate in
sirolimus-treated males (5.9/1,000 patient years ver-
sus 92.9/1,000 patient years). Women treated with
sirolimus have a much higher risk of oligomenorrhea
and possibly ovarian cysts [50, 51].

The NTPR reported the outcomes of 18 transplant
(12 kidney, 1 kidney/pancreas, 2 cardiac and 3 liver)
recipients exposed to sirolimus during pregnancy
with 19 pregnancies. There were 13 live births and 6
miscarriages. There were 3 live births with defects, but
2 of these also had MMF exposure [52]. A report of 7
women taking sirolimus, which was discontinued on
diagnosis of pregnancy (within the first 6 weeks),
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resulted in 3 miscarriages and 4 live births. One pos-
sibly unrelated structural abnormality was reported in
a patient switched to sirolimus at 24 weeks [53].
Everolimus has been reported to cause toxicities in
animals at doses lower than those used in humans
(SmPC for Rapamune®). There have been few case
reports of pregnancies with everolimus throughout
pregnancy.

Sirolimus and everolimus are powerful inhibitors of
growth, associated with impaired wound healing post
transplant or subsequent surgery [54]. The placental
mTOR-signaling pathway regulates the trafficking of
the amino acid leucine in human pregnancies compli-
cated by intrauterine growth restriction [55]. Whether
further observational data suggest a role of sirolimus in
SGA babies remains to be determined. Another poten-
tial risk of mTOR inhibition is poor healing of caesar-
ean section scars. Impaired healing of surgical wounds
is well described in other surgical situations.

Breastfeeding
In animals, sirolimus and everolimus are excreted in
breast milk. There are currently no data on breast
milk transfer in lactating women treated with siroli-
mus or everolimus. We advise against breastfeeding.

• Therapeutic Antibodies
Therapeutic antibodies are increasingly used in the
management of renal transplant recipients and in
those with other causes of CKD.

Rituximab is a monoclonal antibody that binds spe-
cifically to transmembrane CD20 on B-lymphocytes.
As rituximab is an IgG1 k construct, it is likely to cross
the placenta, especially in the last fourweeks of gestation.
The half-life of rituximab is approximately 22 days and
maternalB-cell depletionmayoccur forup to sixmonths
post treatment. Experience outside transplantation indi-
cates B-cell lymphopenia in newborns exposed to ritux-
imab in utero [56, 57]. Of the 90 live births exposed to
rituximab, 76 percent were born at term and the inci-
dence of congenital malformations was not increased
(2.2 percent). Twelve percent of babies had hematologi-
cal abnormalities (B-cell depletion, neutropenia, lym-
phopenia, thrombocytopenia or anemia). Eleven
pregnancies had enough data for paternal exposure eva-
luation. There were two miscarriages, seven live births
and two still ongoing at the time of publishing [58].
The significanceof inutero andpostnatal B cell depletion
remains to be determined. The risk–benefit balance of

use of rituximab in pregnancy must be individualized.
Ideally pregnancy should be avoided for 12months after
rituximab, but may be needed to manage aggressive or
refractory disease.

Belatacept is licensed for the prevention of rejec-
tion in renal transplant recipients. Belatacept is
a fusion protein of human IgG1 that blocks T-cell co-
stimulation. There are no data on the use of belatacept
in human pregnancy. However, in rats, fetal mortality
was increased although pups did not display malfor-
mations (SmPC for belatacept). The manufacturer
advises avoidance of pregnancy for at least eight
weeks after the last injection.

Eculizumab is a monoclonal antibody that inhibits
C5 in the complement cascade and is used in the long-
term treatment of patients with paroxysmal nocturnal
hemoglobinuria (PNH) and treatment of atypical hemo-
lytic uremia syndrome. Some data exist in pregnant
women receiving eculizumab for prophylaxis of atypical
hemolytic uremic syndrome (aHUS), There are two case
reports using eculizumab in pregnancies at 26 weeks’
gestation with no adverse outcomes to the infants [59,
60]. A recent retrospective study of 75 pregnancies
receiving long-term treatment with eculizumab for
PNH found a 29 percent rate of premature births with
no apparent increase in adverse outcomes to mothers or
infants [61]. Eculizumab dosing or frequency had to be
increased in half of the patients.

Breastfeeding Human IgG is excreted into breast
milk, but does not appear in the infant circulation
[1]. This was confirmed by Kelly et al. in 10 breastfed
infants [61]. Therefore biologic therapies are not con-
traindicated in breastfeeding mothers. It is likely that
the antibodies are destroyed by acid and enzymes in
the infant’s gastrointestinal tract, preventing systemic
absorption.

Leflunomide
Leflunomide is an immunosuppressant that has been
used off-label in renal transplant recipients as an adjunc-
tive treatment for BK virus nephropathy. It has a long
half-life of twoweeks and complete eliminationmay take
up to two years. A report described 16 women exposed
during the first trimester and 29 women prior to con-
ception where all women underwent a “rapid elimina-
tion procedure” involving cholestyramine on discovery
of pregnancy or before conception. First-trimester expo-
sure was associated with preterm births [62].
A continuation to this study in 2010 examined 250
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pregnancy outcomes. Ninety-five percent of patients
underwent the rapid elimination procedure. There was
no difference in major malformations or miscarriages,
but minor malformations were more common, though
no pattern was seen [63].

Erythropoietic-Stimulating Agents (ESAs)
and Intravenous Iron in Pregnancy

• Erythropoietic-Stimulating Agents
A greater increase in intravascular volume compared
to red cell mass in normal pregnancy results in phy-
siologic anemia (hemoglobin<105 g/L) (see
Figure 7.3), the nadir being 30 to 34 weeks of gesta-
tion. Increased plasma erythropoietin (EPO) pro-
duced by the healthy kidney induces the rise in red
cell mass [64]. There is a high risk of anemia in
pregnant patients with CKD where EPO production
is limited [65]. Exogenous erythropoietic-stimulating
agents (ESA), which do not cross the placenta or
increase fetal hemoglobin, have been widely used in
pregnancy complicated by the anemia of CKD. They
effectively increase hemoglobin levels and reduce
transfusion requirement [14, 66, 67, 68, 69].

The most frequent and serious side effect of ESAs
outside pregnancy is new onset or worsening of

existing hypertension. As pregnancy itself is fre-
quently associated with worsening blood pressure
control, any additional impact of EPO is difficult to
assess. A significant dose increase in the order of at
least 50 percent compared to prepregnancy dosing is
required to maintain hematocrit [72]. Reports of
hypertension clearly related to EPO in pregnancy are
sparse [72]. Hou reported no difference in pregnancy
outcome from 19 dialysis patients treated with EPO as
compared with 11 contemporary patients who were
not [14], though it has been reported that 25 percent
to 50 percent of women with CKD develop some form
of preeclampsia. Anemia frequently complicates renal
transplant pregnancies in which serum endogenous
EPO is inappropriately low and the rate of erythro-
poiesis is blunted [65]. Treatment with ESA is effec-
tive in renal transplant recipients. The role, if any, of
erythropoietin in the development or worsening of
hypertension in pregnancy remains unclear [72, 73].

Target hemoglobin of 100-110 g/L is recom-
mended and ESA doses should be adjusted to
approach Hb target slowly as in the nonpregnant
population. Close antenatal blood pressure monitor-
ing is mandatory in these patients.

Breastfeeding
Erythropoietin is a normal constituent of human
breast milk and appears to play an important role in
the development of infants’ gastrointestinal system,
central nervous system and immunity [72]. There are
no data on the newer longer-acting ESAs (methoxy
polyethylene glycol-epoetin beta) in human breast-
feeding. The authors cautiously allow breastfeeding
in ESA-treated women.

• Intravenous Iron
Intravenous ironmay better overcome functional iron
deficiency and lead to a greater erythopoietic response
with ESA treatment in CKD outside pregnancy.
A systematic review of IV iron for treatment of ane-
mia in normal pregnancy notes a limited evidence
base [74]. Antenatal IV iron (mainly iron sucrose
[Venofer®]) and iron carboxymaltose (Ferinject®)
reduce the need for postpartum blood transfusions
when compared to oral iron [75, 76]. Their use is
contraindicated if there is a history of anaphylaxis to
parenteral iron, during the first trimester, during
infection and in chronic liver disease. This advice is
based largely around the risk to the pregnancy of
anaphylaxis (EMEA and MHRA recommendation)
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Figure 7.3 Physiological changes in plasma, blood and red cell
volume in normal pregnancy (taken from UpToDate www.uptodate
.com/contents/image?imageKey=OBGYN%2F61948&topicKey=OB
GYN%2F443&search=physiological%20changes%20in%
20pregnancy&source=outline_link&selectedTitle=1~150).
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when using iron dextran, Cosmofer®, although it can
occur with any preparation and should only be admi-
nistered in an environment with full resuscitation
facilities [77]. The authors use iron sucrose or iron
carboxymaltose, which are associated with a lower
risk of allergic reactions outside pregnancy.

Cinacalcet
Cinacalcet is used for the management of tertiary
hyperparathyroidism in women with CKD.
Nadarasa et al. reported a patient with parathyroid
carcinoma, treated prepregnancy and antenatally in
two pregnancies with the delivery of two healthy
infants [78]. Further case reports describe the success-
ful use of cinacalcet in the third trimester [79, 80].
Although these are encouraging reports, the role of
the calcium-sensing receptor in pregnancy is not yet
fully understood and thus cinacalcet should be with-
drawn if possible prepregnancy.

Antibiotics in Pregnancy (see Table 7.3)

• Penicillins and Cephalosporin antibiotics
The UK teratology information service (UKTIS)
advises that penicillins and cephalosporins are not

teratogenic and should be considered as first-line
agents for suitable bacterial infections in pregnancy.
They are preferred agents in non-allergic individuals
for first-line therapy while awaiting microbiological
sensitivity. Some antibiotics have limited evidence of
safety in pregnancy and the risk-to-benefit ratio can
be difficult to ascertain. Nevertheless, it should be
borne in mind that inadequately treated infection in
pregnancy constitutes a significant risk to mother and
baby.

• Co-amoxiclav
There is no evidence of teratogenicity of this agent in
pregnancy. Concerns were raised late in pregnancy
by the ORACLE study [81] and confirmed in
a Cochrane review in 2013, where 22 random con-
trolled trials of different antibiotics involving 6,872
infants were analyzed [82]. Co-amoxiclav was asso-
ciated with an increased risk of neonatal necrotizing
enterocolitis (risk ratio 4.72). However, the increased
risk was not seen with intact membranes and was
associated with co-amoxiclav administered at the
time of delivery [83]. Co-amoxiclav should be
avoided near term if an alternative antibiotic is con-
sidered suitable.

Table 7.3 Summary of antibiotic use in pregnancy where required

Antibiotic First trimester Second trimester Third trimester Comments

Cephalosporins Safe Safe Safe

Penicillins Safe Safe Safe

Macrolides Probably safe Probably safe Probably safe

Co-amoxiclav Probably safe Probably safe Avoid after 36
weeks

Increased risk of
necrotizing
enterocolitis if
membranes
ruptured

Nitrofurantoin Can use Can use Do not use beyond
week 36 or at term

Increase risk of
neonatal hemolysis
after 36 weeks

Trimethoprim Avoid Use with caution Use with caution Risk of neural tube
defects with first-
trimester use (give
high-dose folic
acid)

Ciprofloxacin Not recommended Use with caution
(see comments)

Use with caution
(see comments)

Meropenem and
ertapenem

Use with caution Use with caution Use with caution Limited experience
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Breastfeeding
Co-amoxiclav is considered compatible with breastfeed-
ing, though the infant should bemonitored for any signs
of gastrointestinal adverse events. Prospective data from
67 women exposed to co-amoxiclav during lactation
found that 22 percent of infants had adverse events, as
reported by mothers, which increased with dosage [84].
No pattern was seen and adverse effects were considered
minor and self-limiting.

• Macrolide antibiotics
The macrolide antibiotics include azithromycin, clar-
ithromycin, erythromycin, spiramycin and telithro-
mycin. Limited data are available on the use of
macrolides in human pregnancy, but those which
have been published do not suggest a clear increased
risk of adverse pregnancy outcome. An increased inci-
dence of cardiovascular defects and pyloric stenosis
have been suggested for macrolides as a class,
although causality has not been established.
Erythromycin is considered safe and is used in the
prophylaxis of infection following preterm labor [81].

• Nitrofurantoin
Ameta-analysis of nitrofurantoin exposures indicated
it was a safe option in the first two trimesters of
pregnancy [85]. In the later stages of pregnancy nitro-
furantoin has been associated with a risk of hemolytic
anemia in newborns, including those who are glucose-
6-phosphate-dehydrogenase (G6PD) deficient, if
nitrofurantoin is administered close to delivery [1].
Therefore, as a precaution, nitrofurantoin should not
be used beyond week 38 or if labor is imminent [86].
A large case-controlled study in 22,000 patients found
that although clinical doses (<400 mg per day) were
not teratogenic, neural tube defects and clubfoot
occurred at a higher rate in mothers exposed to nitro-
furantoin [87]. The MHRA advises nitrofurantoin
may be considered with caution in patients with
impaired renal function for no more than three to
seven days if there are multi-drug-resistant organisms
that require treatment.

Breastfeeding
Studies have found that nitrofurantoin is excreted in
breast milk, and although the amounts are considered
low, adverse events may be experienced by infants
younger than one year or in those with G6PD defi-
ciency [1].

• Trimethoprim
Trimethoprim is a selective inhibitor of dihydrofolate
reductase that prevents folic acid synthesis in bacteria,
thereby preventing bacterial DNA replication. There
has been concern that trimethoprim might increase
the risk of neural tube defects if administered in the
first trimester. Trimethoprim crosses the placenta and
Scottish Intercollegiate Guideline Network (SIGN)
guidance on treatment of urinary tract infections in
pregnancy (SIGN 88) advises that it should not be
used for pregnant women with established folate defi-
ciency, with low dietary folate intake, or taking other
folate antagonists, such as antiepileptics [88].
The authors avoid the use of trimethoprim in the
first trimester of pregnancy. A recent study has
reported an increased overall risk of congenital mal-
formations, and specifically of cardiac and limb
defects, among offspring of women who were dis-
pensed trimethoprim in the 12 weeks prior to preg-
nancy. Studies of use in the first trimester have
reported an increased risk of neural tube defects,
cleft lip/palate and cardiac defects. As such it is
recommended that any mother who has had exposure
to trimethoprim in the first trimester should also
receive folate supplementation (see www.uktis.org).

Breastfeeding
There have been reports of milk concentrations of 1.2
to 5.5mcg/mL in mothers taking up to 640 mg tri-
methoprim daily, with an average milk-to-plasma
ratio of 1.26 [89, 90, 91]. These studies were con-
ducted with trimethoprim-sulfamethoxazole, with
no adverse effects noted in the nursing infants.

Fluoroquinolones
Fluoroquinolone antibiotics are broad-spectrum anti-
infective agents, which act by inhibiting bacterial
DNA gyrase. They are known to cross the placenta,
but experience of their use in pregnancy is limited.
They are not known to be fetotoxic in animals.
A small number of reports of ciprofloxacin use in
human pregnancy do not demonstrate an increased
rate of congenital abnormalities or a common pattern
of malformations, though it may be prudent to avoid
use in the first trimester. Inadvertent use would not be
considered grounds for termination (UKTIS, 2012).
A multicenter study looking at fluoroquinolones in
pregnancy reported on data from 105 pregnancies
exposed to ciprofloxacin found no differences in
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prematurity, spontaneous abortion or major malfor-
mations when compared to controls [92]. Data from
666 cases with a known outcome showed a 4.8 percent
malformation rate with ciprofloxacin, which was con-
sidered equivalent to the background rate with no
patterns noted [93].

Experience of the use of fluoroquinolones is less
than with other more commonly used antibiotics and
as such these agents should normally be avoided in
pregnancy unless the benefits of treating susceptible
infection outweigh potential risks.

Breastfeeding
Ciprofloxacin is excreted in breast milk, with the
milk-to-serum ratio varying from 0.85–2.14 following
an oral dose of 750 mg [1]. There have been a number
of reports of ciprofloxacin being used safely in breast-
feeding, though one report described pseudomembra-
neous colitis in a two-month-old nursing infant
whose mother self-administered ciprofloxacin (doses
not specified) [94]. The infant was being treated for
necrotizing enterocolitis one month prior to the
event, and therefore the isolated findings should be
interpreted with caution.

• Meropenem and ertapenem
There is a lack of data on the use of carbapenems in
pregnancy. A report from 2013 on a Japanese lady
with a brain abscess describes the use of 3
g meropenem daily with no adverse effects to the
infant when delivered [95]. Extrapolating data from
other drugs with beta-lactam structures reassuringly
suggests that these antibiotics may be safe, though the
lack of specific outcomes means they should be used
with a degree of caution [1].

Breastfeeding
There are very few data, though extrapolating from
other beta-lactams, no adverse events other than oral
thrush or self-limiting gastrointestinal disturbances
are expected.
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Chapter

8
Management of Hypertension in Renal
Disease in Pregnancy
Jenny Myers and Graham Lipkin

Introduction
Chronic kidney disease (CKD) is a common cause of
secondary hypertension in women of reproductive
age. In the nonpregnant state, CKD is defined either
as kidney damage (which is confirmed by renal
biopsy or secondary markers of damage) or as the
presence of glomerular filtration rate (GFR) of less
than 60 ml/minute/1.73 m² for a period of greater
than three months [1]. CKD is strongly associated
with hypertension and the greater the severity of
renal impairment, the higher the risk. In end-stage
renal disease, 80 percent of patients have associated
hypertension.

The prevalence of hypertension varies somewhat
with the etiology of the underlying renal disease, with
approximately 40 percent prevalence in chronic inter-
stitial nephritis, IgA nephropathy and in the nonpreg-
nant population, whereas rates of above 60 percent are
associated with diabetic nephropathy, autosomal
dominant polycystic kidney disease and focal segmen-
tal glomerulosclerosis [2].

In general, in the nonpregnant, and probably the
pre-pregnant, population control of hypertension is
relatively poor. Studies have suggested that around
40 percent of patients with recognized hypertension
fail to achieve a target blood pressure of <140/
90mmHg. Studies investigating this phenomenon
within cohorts of patients with CKD indicate that
control rates are lower still [3, 4]. Up to 40 percent
of newly diagnosed hypertensive patients will discon-
tinue their medication within the first year, with only
40 percent of patients continuing their therapy over
the next decade [5].

Large epidemiological studies of nonpregnant
subjects with CKD have demonstrated increased car-
diovascular mortality even in moderate renal failure
[6]. A meta-analysis of 85 publications demonstrated
that the threshold for an increase in cardiovascular
risk occurs when the GFR falls below 75 ml/minute,
with the risk increasing steeply with a further

reduction in GFR [7]. When subjects with CKD start
dialysis, the cardiovascular mortality rate increases 5-
to 10-fold and those with established end-stage renal
disease have an increased risk of 100-fold [8].

However, hypertension is just one risk factor in
subjects with CKD. Dyslipidemia, insulin resistance,
anemia, hyperhomocysteinemia, reduced nitric oxide
availability and chronic inflammation also add to the
cardiovascular risk in these individuals.

In the Multiple Risk Factor Intervention Trial
(MRFIT), blood pressure was noted to be a strong
predictor of worsening renal disease with primary
hypertensive nephrosclerosis (with associated hyali-
nization and sclerosis of afferent renal arterioles)
being a significant cause of chronic renal impairment
[9]. Many factors may exist in an individual (of repro-
ductive age or not) that may be responsible for blood
pressure elevation (Table 8.1). The added mortality
and cardiovascular risk induced by hypertension are
significant and the effects of blood pressure control

Table 8.1 Possible mechanisms for hypertension in subjects
with chronic kidney disease

• Preexisting essential hypertension
• Extracellular fluid volume expansion
• Renin-angiotensin-aldosterone system stimulation
• Increased activity of the sympathetic nervous

system
• Increased BMI
• Erythropoietin administration
• PTH secretion and increased intracellular calcium

concentrations
• Calcification of the arterial tree
• Renal artery disease
• Alterations in endothelial derived factors (i.e. nitric

oxide, endothelin, prostaglandins)
• Chronic allograft dysfunction
• Cadaveric allografts (especially if donor has family

history of hypertension)
• Immunosuppressive pharmacotherapy (i.e.

ciclosporine, tacrolimus and corticosteroids)
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through dialysis and antihypertensive medication are
very important.

Hypertension in Pregnancy
Hypertension is the commonest medical disorder of
pregnancy, affecting 10 percent of all pregnancies, of
which 10–20 percent of cases will comprise women
with chronic hypertension [10]. In 2008, population
data from the United States reported a prevalence of
primary and secondary hypertension of 1.52 percent
and 0.24 percent, respectively [11]. Hypertension is
a significant cause of maternal morbidity and mortal-
ity both worldwide and within the United Kingdom
[12]. Severe hypertension is a common indication for
level 2 high-dependency care during pregnancy and in
the immediate postnatal period. Hypertensive disease
in pregnancy contributes to around 12 percent of
maternal deaths worldwide. In general, hypertension
in pregnancy is associated with significantly increased
perinatal mortality and morbidity with an increased
risk of preterm delivery, intrauterine growth restric-
tion and placental abruption [13].

Preexisting or chronic hypertension, defined as
hypertension identified prior to pregnancy or before
20 weeks’ gestation [14], is one of the most rapidly
growing causes of hypertension in pregnancy.
A combination of factors appears important in this
rise in prevalence, including the postponement of
childbearing to a more advanced age, often coupled
with obesity and insulin resistance. Although less
common than essential hypertension in women of
reproductive age, three forms of secondary hyperten-
sion require exclusion. These include endocrine
causes, such as phaechromocytoma and primary
hyperaldosteronism, cardiac causes such as aortic
coarctation and renal causes, including CKD and
renovascular hypertension. It is estimated that 10 per-
cent of women presenting with hypertension in preg-
nancy will have secondary hypertension [11] with
renal disease accounting for 8 percent of these cases.

Many apparently healthy young women may not
have had any blood pressure assessment prior to
pregnancy. The physiological mechanisms of gesta-
tional blood pressure alteration and increased vaso-
dilatation in the second trimester may mask chronic
hypertension. This will then only be revealed in
the second half of pregnancy and may be difficult
to differentiate from gestational hypertension or
preeclampsia. Indeed, a recent review of renal
biopsy data in women close to pregnancy reiterated

the fact that a small but significant number of
women with preeclampsia have underlying preexist-
ing renal disease with hypertension mistaken as
severe preeclampsia [15].

Pregnancy Complications Associated
with Chronic Hypertension and Kidney
Disease
Chronic hypertension and underlying kidney dis-
ease are important risk factors for a number of
pregnancy complications including preeclampsia,
fetal growth restriction (FGR), placental abruption,
stillbirth, premature delivery and caesarean section.
A recent meta-analysis that included 55 studies
from 25 countries (795,221 pregnancies compli-
cated by chronic hypertension) reported an inci-
dence of perinatal mortality of 4 percent and
preeclampsia, preterm delivery and neonatal unit
admission of 26 percent, 28 percent and 21 percent,
respectively [13]. In comparison to US population
data, there was an 8-fold increased risk of develop-
ing preeclampsia, a 2.7-fold increased risk of a low
birth weight infant (< 2,500g) and a 4-fold
increased risk of perinatal death amongst women
with chronic hypertension in comparison to the
background population. Approximately half of the
studies excluded women with secondary hyperten-
sion and/or renal disease and a subgroup analysis
for women with underlying kidney disease was not
possible in this meta-analysis.

There is a paucity of data detailing pregnancy
complication risks in women with hypertension sec-
ondary to kidney disease, but evidence would suggest
that the coexistence of hypertension and impaired
renal function significantly increases the risk of preg-
nancy complications. A large US population database
study (1995–2008) reported outcomes for 81,795
pregnancies complicated by secondary hypertension
(including all causes), of which 6,614 had chronic
hypertension and renal disease [11]. Compared to
hospital deliveries without chronic hypertension, the
odds ratios (ORs) for preeclampsia, stillbirth and
abnormal fetal growth were 27.87 (24.85–31.25),
7.29 (5.59–9.52) and 7.94 (6.67–9.44). Interestingly,
these were dramatically higher than the risks asso-
ciated with chronic kidney disease without associated
hypertension (preeclampsia 3.28 [3.10–3.47], still-
birth 1.74 [1.51–2.02] and abnormal fetal growth
2.29 [2.12–2.49]). In addition, in comparison to the
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other reported categories of secondary hypertension
(preexisting diabetes, collagen vascular disease and
thyroid disorders), the risks for pregnancy complica-
tions were highest in the renal hypertension group.

A UK retrospective study of 270 women (301
pregnancies) from the maternity hospitals in
Birmingham, Leicester and Hammersmith in
London compared pregnancy outcomes in women
with chronic kidney disease to a control cohort of
113,782 women without renal disease (CORD Study;
published as abstract at BMFMS 2005) [16]. Chronic
hypertension (with diastolic blood pressures of 90
mmHg or higher [in those treated or untreated])
was independently associated with perinatal death,
and both chronic hypertension (OR 3.6 [1.8–7.5])
and renal impairment (5.7 [1.8–18]) with preterm
delivery in multivariate analysis. Kaplan Meier curves
indicate that hypertension is associated with poorer
outcomes in terms of gestation of delivery, whatever
the severity of chronic renal impairment (i.e. serum
creatinine) (Figure 8.1). This perinatal risk increased
in parallel with greater degrees of baseline maternal
renal dysfunction.

One of the challenges facing obstetricians and
renal physicians caring for women with chronic
hypertension and/or kidney disease in pregnancy is
the ability to make an accurate diagnosis of pree-
clampsia, often termed “superimposed preeclampsia.”

Superimposed preeclampsia frequently occurs
preterm in women with underlying medical disease
[17], and there is a strong association with placental
dysfunction often manifest as FGR [18]. There is an
increased risk of development of the severe features of
preeclampsia, often because pregnancies are managed
expectantly to gain gestational benefit for the fetus
and to reduce the consequences of a very premature
delivery. The severe consequences of preeclampsia

(pulmonary edema, acute renal failure, ventilation)
and severe hypertension (cerebrovascular complica-
tions) are therefore more common in women with
underlying hypertension and kidney disease [11].

More recently, the measurement of serum or
plasma angiogenic markers is emerging as a tool
with the potential to aid the diagnosis of preeclampsia
[19]. Abnormal placental development and function
is central to the pathophysiology of preeclampsia,
particularly disease that develops before 34 weeks.
Over the past decade, compelling in vitro and
in vivo evidence has provided support for the hypoth-
esis that dysregulation of several angiogenic factors is
characteristic of preeclampsia. There are now several
tests that measure a number of these markers, soluble
fms-like tyrosine kinase-1 (sflt) and placental growth
factor (PlGF). Several studies have reported the
potential benefit of these tests as diagnostic and prog-
nostic markers for the condition and these may be
particularly helpful in differentiating between wor-
sening hypertension and/or proteinuria associated
with placental disease [20–22]. In one such study,
a low PlGF was able to identify women who required
delivery for preeclampsia within 14 days of testing
with a high degree of accuracy [23].

Several prospective studies are under way that will
assess the clinical utility of these tests [24, 25], and it is
anticipated that these tests will aid the diagnosis of
preterm preeclampsia and placental disease in women
with chronic hypertension and kidney disease in the
future [26].

Other potential risks associated with hypertension
in pregnancy stem from the known risks of hyperten-
sive disease (i.e. cerebral hemorrhage, heart failure,
hypertensive encephalopathy, retinopathy, acute
renal failure). Despite these risks, treatment targets
for women with chronic hypertension during
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Figure 8.1 (a) Duration of pregnancy in those
women without hypertension (untreated diastolic
BP < 90mmHg) according to maternal serum
creatinine (mg/dL); (b) Duration of pregnancy in
those womenwith hypertension (treated, or diastolic
BP > 90mmHg), according to maternal serum
creatinine (mg/dL); after Ferraro et al. [16]
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pregnancy remain controversial [27]. Beneficial
effects of treatment appear to be limited to prevention
of maternal morbidity and depend upon the severity
of the disease.

Measurement of Blood Pressure
during Pregnancy
Accurate measurement of blood pressure in preg-
nancy is key to the management of hypertensive dis-
orders. Despite clear recommendations by the
National Institute for Health and Care Excellence
(NICE), blood pressure measurement in clinical prac-
tice is often not performed accurately using the aus-
cultatory technique. Several factors contribute to the
acquisition of inaccurate measurements, including
the use of faulty equipment, inadequate training and
time constraints. Observational studies that have
assessed the calibration of blood pressure devices
have demonstrated that 20–25 percent of devices
used in hospital and clinic settings had unacceptable
calibration errors [28]. In addition, it has been esti-
mated that only 10 percent of midwives and obstetri-
cians routinely record blood pressure to the nearest 2
mmHg [29], and that 78 percent of readings obtained
by clinicians in the antenatal clinic setting ended in
a zero [30]. This concept also extends to threshold
avoidance, where the observer adjusts the BP reading
to avoid thresholds that entail making a diagnosis or
requiring intervention.

In recent years, there has been a shift toward the
use of automated BP devices, which rely on detecting
changes in the amplitude of the intra-arterial oscillo-
metric waveforms produced during cuff deflation to
determine BP. An enormous number of devices are
available on the market, but very few have been vali-
dated for use in pregnancy. A list of currently validated
devices is available at www.dableducational.org/sphyg
momanometers/devices_1_clinical.html#ClinTable.

This is particularly relevant as there has been
concern that automated devices may underestimate
blood pressure in women with preeclampsia [31]. For
those devices that have been validated for use in
pregnancy, the obvious advantage is a reduction in
observer error and threshold avoidance.

Automated, ambulatory BP devices have been
recommended outside of pregnancy to confirm
a diagnosis of hypertension prior to instigation of
treatment [32], and it is likely that this mode of
monitoring could be used with great advantage to

women with chronic hypertension and kidney disease
in pregnancy. In the home setting, ambulatory read-
ings enable differentiation between true white-coat
hypertension and sustained hypertension and allow
assessment of patterns of BP variation throughout
the day. Ambulatory blood pressure monitoring is
well tolerated with high rates of compliance [33],
and the use of ambulatory monitoring could be
expanded in the obstetric population. Self-
monitoring using validated automated devices would
also provide a simpler, cheaper and potentially more
acceptable tool for women with chronic hypertension.
Self-monitoring can deliver many of the advantages of
ambulatory monitoring, while also improving surveil-
lance and potentially reducing scheduled visits [34].

Treatment of Hypertension

Goals of Antihypertensive Treatment in
Kidney Disease: Nonpregnant Patients
In nonpregnant individuals with CKD and hyperten-
sion, treatment objectives are prevention of cardio-
vascular events (the most frequent complication of
CKD) and prevention or amelioration of further
renal deterioration. Guidelines produced by the
Joint National Committee in the United States
(JNC8) [35], the European Society of Hypertension
and the European Society of Cardiology [36] relaxed
blood pressure targets for nonpregnant patients with
CKD and hypertension to less than 140/90 mmHg.
This differs from previous guidelines, which had sti-
pulated that patients with CKD and hypertension
should aim for a blood pressure <130/80mm Hg.
Previous recommendations were based on analyses
of long-term clinical trials in patients with diabetic
and non-diabetic kidney disease that demonstrated
that lowering blood pressure was associated with
greater preservation of kidney function. This evidence
has been reexamined and added to in the updated
guidelines. The guideline groups have concluded
that there is insufficient evidence to support lower
blood pressure targets in these patients and that the
specific effects of renin-angiotensin system blockers
cannot be determined. Three trials conducted in CKD
patients did not demonstrate any significant differ-
ences in end-stage renal disease or death from patients
randomized to a higher target (140 mmHg) [37–39].
Recent meta-analyses have also not demonstrated that
different BP targets in patients with CKD translate to
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definitive benefits from achieving lower BP goals in
terms of cardiovascular or renal events [40, 41].
However, in long-term observational follow-up stu-
dies following two of these trials, there was a trend
toward reduced risk of renal progression, which was
more evident in patients with proteinuria [42, 43].
The KDIGO CKD Guideline Development Work
Group recommend that adults with urine albumin
excretion of ≥30 mg/24 hours (or equivalent) should
be treated with BP-lowering drugs to maintain a BP
that is consistently ≤130/80 mmHg [44].

It has been proposed that there is a J-shaped rela-
tionship between over-treatment of blood pressure

and cardiovascular and renal risk. This is plausible,
as physiology has shown that there is a low, as well as
high, blood pressure threshold for organ blood flow
autoregulation [45]. This concept is potentially
important in pregnancy because of the potential effect
of blood pressure lowering on placental perfusion and
fetal growth [46].

In adults with CKD it is important to manage both
components of hypertension – hypervolemia and
vasoconstriction. In patients with CKD who are not
on dialysis, it is commonplace to initiate antihyper-
tensive therapy with a renin-angiotensin-aldosterone
blocker to minimize vasoconstriction (except some
structural vascular changes) and some of the sympa-
thetic hyperactivity [36]. Residual hypertension often
indicates the hypervolemic component and this can
be treated using diuretics. Figure 8.2 summarizes the
long-term outcome studies that demonstrate long-
term attenuation of renal impairment with treatment
of hypertension in CKD [47].

The management of hypertension outside of preg-
nancy is highly relevant for obstetricians and renal
physicians providing care for women before, during
and after pregnancy as women of reproductive age will
frequently be prescribed antihypertensive regimens,
some of which are not suitable during pregnancy.
Ideally women of reproductive age who are taking
antihypertensive medication should be aware of the
implications of these treatments in preparation for
pregnancy and appropriate advice about changing to
alternative medications, where necessary, in early preg-
nancy should be provided [48]. While there is only
limited evidence to support the hypothesis that treat-
ment of severe hypertension (diastolic > 110mmHg) in
early pregnancy influences pregnancy outcome [49], it
is likely that avoidance of severe hypertension in the
periconceptual period and in early pregnancy when the
placenta is developing has a positive impact on preg-
nancy outcomes.

Treatment of Uncomplicated Hypertension
in Pregnancy
Blood pressure targets for women with uncompli-
cated chronic hypertension in pregnancy have long
been debated, and until recently the quality of evi-
dence to guide management has been of poor quality
[50]. The use of antihypertensive treatments to nor-
malize blood pressure has been associated with
a reduction in maternal morbidity, particularly
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Figure 8.2 Relative risk of kidney disease progression based upon
current level of systolic blood pressure and urine protein excretion.
Based upon a meta-analysis of 11 RCTs (reference group for each is
a systolic blood pressure of 110–119mmHg); reproduced with
permission from Sarafidis and Bakris (Sarafidis PA and Bakris GL.
Kidney disease and hypertension. Chapter 49: 607–619 in
Comprehensive hypertension (ed. Yip GY and Hall JE), Mosby Elsevier,
2007 original figure in [47].
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a reduction in severe hypertension, but there have
long been concerns that “over-treatment” of blood
pressure may be associated with worse perinatal out-
comes, particularly related to fetal growth [46, 51].
A meta-regression of available data concluded that
fetal growth was significantly impaired by the reduc-
tion in mean arterial pressure induced by antihyper-
tensive therapy: a 10 mmHg fall in maternal mean
arterial pressure was associated with a 145 g decrease
in birth weight. However, this study is potentially
affected by the biases of observational studies.
In contrast, the Cochrane review did not find an
increased risk of having a small-for-gestational-age
(SGA) baby (RR 0.97; 95 percent CI 0.80–1.17) in
those receiving antihypertensive treatment compared
with placebo [52].

The CHIPS trial aimed to determine whether
“tight” control (target diastolic 85mmHg) versus
“less-tight” control (target diastolic 100mmHg) was
associated with worse perinatal outcomes [27].
The study included women with uncomplicated
chronic hypertension and non-proteinuric gestational
hypertension, but not those with CKD. The target
blood pressure difference between the two groups set
at the start of the trial was 5mmHg; the achieved
differences were 5.8 mmHg in systolic and 4.6
mmHg in diastolic blood pressure. The primary out-
come of the study was a composite of pregnancy loss
or high-level neonatal intensive care for more than 48
hours; this outcome was not different between the
groups (31.4 versus 30.7 percent). In addition, gesta-
tion at delivery (36.8 versus 37.2 weeks) and the num-
ber of SGA infants (16.1 versus 19.7 percent [<10th
centile] 4.7 versus 5.3 percent [<3rd centile]) was not
different between the less tight and tight control
groups. Serious maternal complications, placental
abruption and the development of preeclampsia
were also not different between the groups; however,
the risk of developing severe hypertension was signif-
icantly higher in the less tight control group (40.6
versus 27.5 percent) in agreement with the meta-
analysis of previous trials.

The conclusion of the CHIPS trial therefore is that
there is no increased risk of adverse perinatal outcome
associated with a target blood pressure of 85mmHg.
In the CHIPS trial the women randomized to the
“tight” and “less-tight” control groups actually
achieved mean systolic and diastolic blood pressures
(between randomization and delivery) of 138.8±0.5
versus 133.1±0.5 mm Hg and 89.9±0.3 versus

85.3±0.3 mm Hg, respectively. The evidence would
therefore support a slightly lower blood pressure tar-
get from women with uncomplicated hypertension
than has previously been recommended (<150/80-
100mmHg) [14] on the basis that there is
a significant reduction in the risk of severe maternal
hypertension, which in turn is associated with an
increased frequency of hospital admission, high-
dependency care and most importantly cerebrovascu-
lar hemorrhage [53]. Antihypertensive therapy should
therefore be considered in women with blood pres-
sure measurements persistently above 140mmHg
and/or 90mmHg. The potential risk of over-
treatment persists; however, treating diastolic blood
pressure to below 80 mmHg should be avoided.
Severe hypertension (blood pressure ≥ 160/110
mmHg) should be treated urgently to protect the
mother from serious complications, such as stroke,
heart failure or renal failure.

Treatment of Secondary Hypertension in
Pregnancy
Women with secondary hypertension, particularly
those with CKD and collagen vascular disease, are at
increased risk of developing pregnancy complications
associated with superimposed preeclampsia and
adverse perinatal outcomes [11, 54]. To date there
have been no randomized controlled trials of antihy-
pertensive treatments that have focused on this group
specifically. Management of hypertension in this
group is particularly problematic given the conflict
between maternal and fetal well-being. While there
is no evidence to guide absolute blood pressure targets
in these women, given that the risk of placental dys-
function and preeclampsia is highest in this group, it
is possible that the potential risk of FGR associated
with “over-treatment” is also highest in this group.
There has been a tendency in recent years, given the
motivation to reduce the risk of long-term renal
decline and preserve cardiovascular health, to treat
hypertension more aggressively in women with
CKD, particularly those with significant proteinuria.
While there is good evidence to support maintaining
blood pressure below 140/90mmHg, there is not suffi-
cient evidence to provide guidance for a lower blood
pressure target during pregnancy. Common sense
would dictate, however, that artificial lowering of
blood pressure below 75mmHg is unlikely to be of
any benefit to the mother or fetus.
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Antihypertensive Agents
All antihypertensive drugs cross the placenta. There
are no data from large, well-designed randomized
trials on which to base a recommendation for use of
one drug over another. Data regarding both compara-
tive efficacy in improving pregnancy outcome and
fetal safety are inadequate for almost all antihyperten-
sive drugs. Commonly used oral antihypertensive
drugs prescribed in pregnancy are summarized in
Table 8.2 and discussed further in Chapter 7.

Labetalol
Labetalol, the most widely used beta-adrenergic
blocker in pregnancy, is not selective, having some
alpha-blockade effects. Labetalol has a good safety
profile in pregnancy and is considered safe for use
throughout pregnancy. Although there is limited pub-
lished evidence describing first trimester use there has
been no association with congenital anomalies [14].
One small RCT did not demonstrate a significantly
increased risk of SGA infants or other pregnancy

Table 8.2 Oral antihypertensive medications commonly used to treat chronic hypertension in pregnancy

Drug Dose Fetal concerns Comments

First line

Labetalol (α- and β-
blocker)

200mg–2.4g/d in two
to four divided doses

Limited information
regarding first-trimester use;
no reports of increased
congenital anomalies
Rare mild neonatal
hypotension in first 24 hours
of life

Recommended by NICE as
first line

Very rare hypoglycemia

Nifedipine 10–120 mg/d of
a modified-release
preparation

Human data suggests low
risk

Less experience with other
calcium entry blockers

Methyldopa 0.5–3.0 g/d in two to
three divided doses

No documented association
with congenital anomalies

Maternal side effects often
limit use

2nd line

Hydralazine 50–100 mg/d in two
divided doses

No reports linking
hydralazine with congenital
defects

Neonatal thrombocytopenia
and bleeding secondary to
hydralazine ingestion
throughout the third
trimester have been reported
in three infants. This,
however, may have been due
to maternal hypertension.

Other agents

Doxazosin (α blocker) 2–8mg/day No information available

Loop diuretics Furosemide has been used in
the second and third
trimesters without fetal or
newborn adverse effects

Limited information first
trimester

Thiazide diuretics Depends on specific
agent

Limited information
Possible association with
congenital abnormalities
(chlorothiazide)

Concerns regarding neonatal
hypoglycemia, neonatal
hypovolemia and maternal/
fetal serum electrolyte
imbalances
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complications compared to women treated with
methyldopa or placebo [55]. However, concern
remains that treatment with beta-blockers compared
to no treatment is associated with an increased risk of
SGA infants as demonstrated by the recent Cochrane
review [50]. This analysis does not differentiate
between different beta-blockers, however, and the
strongest association with FGR appears to be with
atenolol [56–58]. One of the disadvantages of labetalol
is that it requires multiple dosing regimes due to its
short half-life of six to eight hours.

Calcium Channel Blockers
Experience with calcium channel blockers has been
accumulating over the past decade, and these agents
appear safe for use in pregnancy [14]. Nifedipine is
available in various modified-release/long-acting pre-
parations suitable for once or twice daily dosing
(20mg–120mg/day). The recent Cochrane review did
not demonstrate any increased risk of SGAwith calcium
channel blockers versus no treatment [50]. Although
more contemporary calcium antagonists such as amlo-
dipine are widely used in nonpregnant individuals with
hypertension, there is no published data to guide their
use in pregnancy. Non-dihydropyridine calcium
antagonists such as verapamil and diltiazem have also
been used, although most reports in the literature are of
small numbers of women.

Methyldopa
Methyldopa, historically one of the most widely used
drugs in pregnant women, is a centrally acting

compound with a very good safety record for use
in pregnancy [14]. At low doses it is well tolerated
and has the longest follow-up of childhood devel-
opment following in utero exposure [59]. The dis-
advantage of methyldopa is that it is a mild
antihypertensive drug with a short half-life requir-
ing multiple daily doses. In comparison to other
agents it is less effective in terms of the prevention
of severe hypertension and has a worse side effect
profile at higher doses [50], particularly related to
depression and sedation.

ACE-Inhibitors and Angiotensin Receptor
Blockers
In nonpregnant adults there is good evidence that for
individuals with hypertension and CKD, ACE-
inhibitors and angiotensin II antagonists are benefi-
cial in achieving good blood pressure control but also
ameliorating renal damage [47]. Unfortunately, these
drugs have been associated with a significant risk of
fetotoxic effects [60, 61] and should therefore be dis-
continued once a pregnancy is confirmed [14]. For
women planning a pregnancy who are currently tak-
ing ACE-inhibitors, a risk–benefit assessment should
be undertaken and appropriate prepregnancy infor-
mation provided [48]. In women where there is clear
benefit, in terms of renal preservation, associated with
continuing the ACE-inhibitor, women can be advised
that this can be safely continued until a pregnancy is
confirmed with a view to switching to an alternative
antihypertensive (where necessary) as early as possi-
ble in the first trimester [62].

Table 8.2 (cont.)

Drug Dose Fetal concerns Comments

Atenolol (β-blocker) 25–50mg/day No obvious association with
congenital abnormalities
Low birth weight/placental
weight
Decreased fetal heart rate
described

Not usually recommended
for use in pregnancy, butmay
be useful post delivery

Contraindicated

ACE inhibitors and
AT1 receptor
antagonists

Use after first trimester can
lead to fetopathy,
oligohydramnios, growth
retardation, and neonatal
anuric renal failure, which
may be fatal
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Diuretics
The NICE guidelines [14] recommend that women
taking chlorothiazide diuretics should be informed
that there may be an increased risk of congenital
abnormality and neonatal complications if these
drugs are taken during pregnancy. It would be usual,
therefore, to discontinue these drugs unless the ben-
efits were considered to outweigh risk. Loop diuretics
may be used to treat fluid overload in women where
severe edema is particularly problematic but would
not usually be used first line for hypertension alone.

Other Management Issues Related to
the Management of Hypertension in
Pregnancy

Maternal Evaluation
Baseline tests for women with hypertension in preg-
nancy should include urinalysis, urine culture, serum
creatinine, glucose and electrolytes [54]. A renal ultra-
sound scan should also be considered. These tests will
effectively exclude many causes of previously unrec-
ognized secondary hypertension, such as renal dis-
ease, and will also identify important comorbidities,
such as diabetes mellitus. If qualitative testing for
urine protein is negative, quantitative testing is not
necessary. Women who develop evidence of protei-
nuria on a urine dipstick should have a quantitative
test for urine protein, usually a protein-to-creatinine
ratio. An electrocardiogram and echocardiogram
should be considered in women with long-standing
hypertension.

Prevention of Pregnancy Complications
Antihypertensive therapy and lowering blood pres-
sure alone per se do not prevent preeclampsia [14].
It is thus important to consider the evidence for pre-
ventative strategies that may be adjuvant to antihy-
pertensive treatment in pregnant women with
preexisting hypertension and renal disease in the pre-
vention of subsequent pregnancy complications
related to placental disease.

Aspirin
Many studies have investigated the benefit of low-
dose aspirin for the prevention of preeclampsia.
The Cochrane review included 18 studies of high-
risk women (n = 4,121) and reported a relative risk

of 0.75 (95 percent CI 0.66 to 0.85) [63]. An individual
patient data meta-analysis also demonstrated
a significant benefit of aspirin for the prevention of
preeclampsia (RR 0.90; 95 percent CI 0.84 to 0.97), but
did not find that the benefit was greater in women
with underlying medical conditions [64]. The 2010
NICE guidelines therefore recommend that women
with CKD and/or hypertension should be advised to
take 75mg aspirin from 12 weeks’ gestation until birth
of the baby [14].

Since publication of the NICE guidelines a meta-
analyses has also been published that concluded that
there is a larger benefit from aspirin if commenced
prior to 16 weeks’ gestation [65], particularly in
women with risk factors for developing the condition,
including chronic kidney disease and hypertension.

Calcium
A systematic review of 12 trials concluded that cal-
cium supplementation is associated with a reduced
risk of preeclampsia; this effect was greatest for
women at high risk and for those with low baseline
calcium intake [66]. However, where calcium intake is
known to be adequate, there is no statistically signifi-
cant reduction in risk and therefore
a recommendation for the routine use of additional
calcium in women at risk of preeclampsia cannot be
justified in a UK setting at present [14].

Antioxidants
Overwhelming data supports a contribution of oxida-
tive stress to the pathophysiology of preeclampsia, but
several trials have now demonstrated that treatment
with prophylactic vitamin C and E does not reduce the
risk of preeclampsia in high- or low-risk women [67–
71]. These should therefore not be recommended.

Identification of Pregnancy
Complications
Antepartum assessment is directed toward monitor-
ing and optimizing blood pressure control and iden-
tifying super-imposed preeclampsia and/or FGR. This
is best accomplished by frequent (two to four times
weekly) antenatal visits for monitoring maternal
blood pressure, proteinuria and assessments of fetal
growth and well-being [14]. Additional assessments,
such as uterine artery Doppler [72–74], may also
identify those pregnancies most likely to be compli-
cated by superimposed placental disease, but these
have not been recommended as part of routine care
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as they do not necessarily change clinical care
pathways.

Conclusion
Women with CKD and hypertension are at significant
risk of increased maternal morbidity and mortality
from the sequelae of severe hypertension and pree-
clampsia, and at high risk of perinatal morbidity and
mortality attributable in the main to placental dys-
function. In this high-risk group, avoidance of severe
hypertension is important and there is good rationale
to maintain blood pressure between
120–139/70-85mmHg; however, no evidence remains
to guide the optimal lower treatment targets in
women with hypertension and chronic kidney dis-
ease. The diagnosis of superimposed preeclampsia is
particularly challenging in this group and emerging
diagnostic tests are likely to aid the diagnosis of pre-
term placental disease in this group in the future.
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Section 4 Postpartum

Chapter

9
Postpartum Follow-Up of Antenatally
Identified Renal Problems
Al Ferraro and Liz Lightstone

Introduction
The estimated prevalence of chronic kidney disease
(CKD) is 6–10 percent in women aged 20 to 49
years [1]. Many are asymptomatic and many are
undiagnosed. For many women, it is pregnancy-
related screening tests, in particular blood pressure
checks and urinalysis for protein, that reveal the
first evidence of an underlying renal condition.
Such antenatal screening has long been nearly uni-
versally applied, though the National Institute for
Health and Care Excellence (NICE) now recom-
mends it is done at every antenatal appointment
[2]. While a renal biochemical profile is not a part
of routine antenatal screening, it is usually under-
taken in women who are found to have urine
abnormalities, those with hypertension, preeclamp-
sia, recurrent urine infections or unexplained
severe anemia – all of which are more common in
individuals with underlying CKD. A renal bio-
chemical profile is also frequently undertaken in
pregnant women presenting with other significant
intercurrent illness (whether or not a pregnancy-
restricted illness) – and a proportion of these peo-
ple will have acute kidney injury (AKI).

Interpretation of renal-related results in preg-
nancy is often confounded by the normal physiologi-
cal and anatomical changes of pregnancy, which
render many of the “standard” normal ranges irrele-
vant or unreliable (see Chapter 1). Examples include
kidney size andmorphology, systemic blood pressure,
serum creatinine, eGFR [3] and the threshold for
“normal” levels of proteinuria. Pregnancy-specific
normal ranges have been published for some para-
meters [4, 5], but, in practice, there is often consider-
able uncertainty about the severity, or even the
existence, of any true underlying renal condition if it
is first suspected due to antenatal tests. Nonetheless, it
is important to note that acute and substantial
changes in serum creatinine still reflect a reciprocal
change in underlying maternal renal function.

When pregnancy-related screening tests are
undertaken only later in pregnancy, additional ambi-
guity and concerns can arise. It can be impossible to
tell whether hypertension or newly identified bio-
chemical abnormalities are due to emerging compli-
cations of pregnancy (e.g. preeclampsia), underlying
CKD or a combination of both. Furthermore, there is
significant variability in the rate at which pregnancy-
related changes resolve postpartum. After preeclamp-
sia, 54 percent and 39 percent have persisting hyper-
tension at six weeks and three months postpartum,
respectively [6]. In the same cohort, the prevalence of
persistent proteinuria (greater than 0.3 g/day) was
21 percent and 14 percent at the corresponding time
points, even though it resolved by two years postpar-
tum in all but 2 percent. In those with some degree of
underlying renal disease, it is even less clear how
quickly superimposed pregnancy-related changes
will resolve, if at all.

Thus, for women recently delivered from preg-
nancies marred by the identification of possible
underlying CKD, it is often unclear a) whether there
is significant underlying disease; b) by whom they
should be followed up postpartum; and c) how
much “watchful waiting” can be afforded. Such clin-
ical judgments are often best undertaken by nephrol-
ogists and experienced obstetricians, in the context of
an established multidisciplinary team, where deci-
sions are based on the antenatal presentation and
the evolution and severity of the identified
abnormalities.

Women found to have a renal problem should
have a renal diagnosis made. Ideally this occurs dur-
ing pregnancy, but where not practical, certainly post-
partum. During pregnancy this may be a simple
matter of the patient having a renal ultrasound that
demonstrates scarred kidneys in a woman with recur-
rent urinary tract infections (UTIs) and hyperten-
sion – supporting a diagnosis of reflux nephropathy.
In other instances, diagnosis may not be confirmed
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during pregnancy because of the requirement for tests
(e.g. certain forms of imaging) that pose an unaccep-
table risk to the mother or the baby. A woman who
presents with modest proteinuria in early pregnancy
with no hypertension, normal function and no mar-
kers of systemic disease would not warrant a renal
biopsy during pregnancy as diagnosis will not alter
management. However, if the proteinuria persists
postpartum, then she may well merit biopsy to deter-
mine diagnosis and prognosis, not least for future
pregnancies (see later in this chapter).

In summary, all women found to have a kidney
problem during pregnancy should be informed of it,
and of the need for postpartum diagnostic tests and
follow-up. They need to be advised of its significance,
which depends on the diagnosis, the stage of kidney
disease and the level of associated hypertension and/or
proteinuria.

Follow-Up Plans
All women with newly identified or suspected CKD
should be followed up at least once postpartum to: a)
evaluate proteinuria and renal function when not
pregnant; b) to ensure appropriate diagnostic tests
are requested; and, most important, c) to ensure
a proper care pathway is identified that is clear to
both the patient and her primary care physician.
This first follow-up appointment would normally be
with a nephrologist, perhaps acting as part of
a multidisciplinary renal/obstetric outpatient clinic.
Important medications can be reviewed and opti-
mized with respect to renoprotection, especially insti-
tuting therapy with ACE inhibitors or angiotensin 2
receptor blockers.

The scenario to avoid is that of a woman who
presents with end-stage renal failure later in life and
volunteers that she was noted to have hypertension
and proteinuria in each of her pregnancies previously
but was never seen postpartum, nor advised that she
had significant kidney disease or that she needed any
follow-up. It is always tragic to consider that she may
have had preventable renal failure or, at the very least,
missed opportunities for risk factor management and
preemptive transplantation.

Who Should Follow Up the Patient?
NICE recommends that those with a urine albumin-
creatinine ratio (ACR) > 70 mg/mmol (not attributa-
ble to diabetes), or those with an ACR > 30 mg/mmol

and with hematuria should be referred to
a nephrologist [7]. For reasons discussed earlier,
these thresholds are not directly applicable within
pregnancy, but it seems reasonable to apply them to
women presenting with renal abnormalities before 20
weeks’ gestation.

Women who are found to have abnormal renal
function in pregnancy (bearing in mind the signifi-
cant rise in GFR and fall in serum creatinine seen
during pregnancy in women with normal kidney
function) should have their renal function, and asso-
ciated urinary indices, checked soon after delivery and
again at six weeks. NICE does not recommend referral
to nephrology for all those with low-level proteinuria,
and not all those with CKD. However, we would
advocate that referral to a nephrologist should at
least be considered in women with antenatally defined
renal problems that persist postpartum given that a)
evidence of CKD is unusual in women of childbearing
age, and b) confirmed CKD is of potential significance
for any subsequent pregnancy (as a risk factor for
preeclampsia, it should trigger consideration of
aspirin from 12 weeks’ gestation in future pregnan-
cies) [8].

NICE recommends monitoring anyone who has
suffered AKI for at least two to three years for the
emergence of CKD [7], but does not specify this
follow-up should be with a nephrologist. In most
cases, primary care monitoring is sufficient. This can
reasonably be applied to women who suffered
a significant antenatal (or puerperal) AKI, but
nephrology input may be warranted in some cases
(see later in this chapter).

NICE recommends that women who develop
gestational hypertension or preeclampsia should be
offered a medical review at six to eight weeks post-
partum [8].Where such women have an ongoing need
for antihypertensive treatment at six to eight weeks
postpartum, a referral for specialist assessment of
their hypertension is recommended. It follows that if
there is evidence or suspicion of a preexisting renal
condition, then a nephrology referral also seems
appropriate at that stage. Underlying CKD may be
particularly likely in the context of early-onset pre-
eclampsia (i.e. that which required delivery before 34
weeks).

Consistent with this, NICE also recommends that,
after preeclampsia, women should have dipstick uri-
nalysis at the postnatal review [8]. Where persistent
proteinuria (+1 or more) is found, a further check of
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proteinuria should be undertaken at three months
postpartum. Based on this, and renal function testing,
nephrology referral should be considered. In practice,
a proportion of such patients may have already come
to the attention of renal services during pregnancy
and thus may have be seen by nephrologists (or obste-
trician experienced in renal medicine) for their six-
week postpartum review. Some patients with previous
preeclampsia and with non-resolving proteinuria
eventually warrant a renal biopsy to exclude other
causes of proteinuria. Nonetheless, if the renal func-
tion is acceptable and stable and there are no other
concerning features during follow-up in a nephrology
clinic, it is our practice to defer renal biopsy until six
months postpartum. A recent publication, using cases
identified from UK biopsy registries, describes the
range of diagnoses made in such women [9].
Of note, the same paper reports that the prognosis
may be poorer for women obtaining a diagnosis in
a postpartum situation; their rate of GFR decline
appeared to be faster than in women with otherwise
comparable levels of creatinine and proteinuria.
While the mechanisms behind this observation are
yet to be fully unpacked, it serves to emphasize the
importance of appropriate postpartum review and
investigations and follow-up.

If an episode of AKI was clearly associated with
severe preeclampsia and resolves rapidly postpartum,
then it may well not be necessary to refer to nephrol-
ogy. Conversely, if renal function has been unstable
toward the end of pregnancy, e.g. with a rapid rise in
creatinine or proteinuria, then women should be seen
and assessed very soon postpartum and again within
a couple of weeks, preferably following discussion
with a nephrologist during the perinatal period.
Women can lose all their renal function in a matter
of weeks after delivery in certain conditions, particu-
larly where serum creatinine was already significantly
raised. A blanket policy of not seeing women until six
weeks postpartum will miss such patients [10].
Similarly, delivery may have been expedited to allow
safe renal biopsy and diagnosis in a woman suspected
of having active nephritis, e.g. associated with SLE.
These women need to be aware before delivery that
the nephrologists wish to make a diagnosis as soon as
is practical and safe postpartum. The key is not letting
the patient disappear back into the community before
follow-up plans have been established, documented
and communicated to the patient, her family and all
relevant medical and nursing personnel. It is often

difficult to persuade a mother who perhaps has
a vulnerable preterm baby that she also needs to be
looked after and investigated; however, it is important
to do so.

In some other chronic and stable settings, it may
be reasonable to refer women directly back to their
GPs for continuing care but with advice about mon-
itoring and referring to clinical practice guidelines
(RCGP, Renal Association and NICE or local gui-
dance). These patients would include those found to
have preserved renal function with minimal protei-
nuria or isolated microscopic hematuria or mild
hypertension. These women will likely still warrant
a renal ultrasound scan to exclude structural abnorm-
alities (if not already done in pregnancy) and future
regular assessments of proteinuria, hematuria and
renal function. Women found to have anatomical
evidence of reflux nephropathy (scarred/dysplastic
kidneys) and recurrent UTIs, but with normal or
mildly impaired function can be monitored by their
GPs in the longer term, through the practice CKD
register.

These women do need to be advised they have
kidney abnormalities that put them at higher risk of
developing high blood pressure or preeclampsia in
a future pregnancy, and possibly a higher risk of
cardiovascular disease. They should be advised to
stop smoking, as it is an independent risk factor for
progression of kidney disease regardless of contribut-
ing to cardiovascular risk. As the two most important
determinants of progression to kidney failure are
blood pressure control and degree of proteinuria,
women need to be advised of the importance of mon-
itoring and treating proteinuria and hypertension –
aiming for a systolic blood pressure between 120–139
mmHg and a diastolic BP less than 90 mmHg, as per
NICE [7].

If both proteinuria and hypertension are present,
the ideal first-line agent would be an ACE inhibitor or
an angiotensin 2 receptor blocker [7]. Enalapril, cap-
topril and fosinopril are compatible with breastfeed-
ing (except with preterm babies) (see Chapter 7), and
suitable contraception should be advised, if appropri-
ate (see Chapter 3).

Even in a patient group that is at lower risk of
future complications (by renal standards), such gen-
eral advice may be best delivered through
a postpartum appointment at a multidisciplinary
renal-obstetric clinic, or in a one-off nephrology clinic
appointment, rather than in primary care. This will
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depend on local arrangements and the patient’s per-
sonal circumstances.

Clearly all of this also needs to be explained to GPs
at the time of discharge from renal/obstetric follow-
up. Important, it is also worth giving some guidance
as to when referral back to a nephrologist would be
warranted – namely, if proteinuria rises significantly,
renal function deteriorates or hypertension becomes
difficult to manage, as per NICE [7].

Some women who are found to have kidney dis-
ease in pregnancy might also be under the care of
other hospital physicians for long-term conditions.
The most notable of these is diabetes. Diabetic
nephropathy is now the commonest cause of renal
failure in the UK and is rising rapidly due to the
epidemic of type 2 diabetes. Some women will present
with their type 2 diabetes for the first time in preg-
nancy, and they may already have complications such
as retinopathy and nephropathy. It is imperative that
such patients are firmly embedded in a good diabetic
care pathway postpartum to slow their progression to
end stage [11]. Furthermore, physicians looking after
their diabetes need to be aware of changes in their
renal state during pregnancy as risk factor manage-
ment will need optimizing postpartum. Women with
type 1 diabetes are likely to be embedded in a diabetic
service already, but may have fallen out of the system
during adolescence, thus postpartum reassessment
allows the opportunity to reestablish specialist care.

Women with a connective tissue disease may have
had a renal flare for the first time in pregnancy and
will need long-term renal follow-up. Though
a preemptive increase in medication at the time of
delivery is not normally warranted, women with auto-
immune disease also need to be kept under close
watch as their disease can flare and progress rapidly
postpartum. They are often reluctant to start immu-
nosuppression during pregnancy or when breastfeed-
ing (even though hydroxychloroquine, prednisolone,
azathioprine, ciclosporin and tacrolimus are all con-
sidered safe in both situations, albeit with doses that
may need to be reviewed and adjusted). Irrespective of
breastfeeding, postpartum medication adjustments
may be needed, requiring close communication with
their rheumatologist and/or GP. Where appropriate,
it is important that a) the diagnosis is secured with
a renal biopsy, if not already obtained during preg-
nancy; and b) clear discussions are had at an early
stage postpartum about the risks of under-treating
active disease [12].

Newly Diagnosed Kidney Disease with
a Heritable Component
Women need to be informed not only about how their
kidney disease might impact future pregnancies, but
also how it might affect their new baby. Many renal
diseases have a heritable component. This may be
difficult to face for the first time during pregnancy
and requires review postpartum to allow a full discus-
sion of the implications for her and her child. For
instance, a woman in her mid-20s may well be una-
ware she has autosomal dominant polycystic kidney
disease (ADPKD) – she is likely to have normal func-
tion, may have 1+ blood only on urine dipstick and
may have no family history. However, she is very
likely to develop significant hypertension early on in
pregnancy, is at higher risk of preeclampsia, and
because of minor urine abnormalities may have
a renal ultrasound that confirms the diagnosis. It can
be distressing to discover one has a heritable renal
disease at any time, butmore so when pregnant. These
women need to understand what the disease means
for them, the risk it poses to their offspring (a one in
two chance of inheriting ADPKD) and when it is
likely to manifest in them (young adulthood at the
earliest). Sometimes the discussions are harder –
a woman may present with microscopic hematuria
but with a history of kidney disease among the men
in her family; it is likely she is a carrier for x-linked
Alport syndrome in which affected males often
require dialysis/transplantation by their late teens.
Such women may well want genetic counseling as
well as consideration of screening of their male
offspring.

Vesicoureteric reflux (VUR) is commonly diag-
nosed in pregnancy. Individuals who may have been
entirely asymptomatic before conception may
develop pregnancy-related recurrent UTIs, modest
proteinuria and hypertension. VUR has a strong heri-
table component and is probably autosomal domi-
nant in a large number of cases (see Chapter 12).
Hence, women found to have reflux nephropathy
should be advised that their children (newborn or
older children) are at risk of developing the same
condition, and furthermore, that if diagnosed early,
then some complications may be prevented. Clinical
pathways for referral and assessment vary – not least
because there is no consensus on optimal strategies for
the diagnosis and management of VUR [13].
Nonetheless, it is the responsibility of the obstetricians
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and physicians who make the diagnosis in the mother
to ensure that she is signposted to the appropriate
services [14].

Conclusion
Pregnancy provides an opportunity to identify
women with undiagnosed renal disease, but the
opportunity is wasted if they are not appropriately
followed up postpartum [15]. The key to safe long-
term care is to empower the women. They should be
offered information explaining the basics of kidney
disease, the importance of making a diagnosis and
future monitoring of renal function, blood pressure
and urine abnormalities. Above all, they need to be
told that they require continued follow-up. In the first
instance, virtually all need a postpartum review in
hospital to establish stability of renal function and
levels of ongoing proteinuria (or not), to ensure
appropriate diagnostic tests have been done or are
planned and to give some advice about future preg-
nancy. At the postpartum appointment it is crucial to
define who will follow up the patient thereafter.
Where disease is mild and stable, this follow-up can
be in primary care, but where there are diagnostic
dilemmas, significant disease or inherited conditions
this should be with a nephrologist.
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Chapter

10
Pregnancy and Dialysis
Kainat Shahid, Liam Plant and Michele Hladunewich

Introduction
For women with end-stage renal disease (ESRD) on
dialysis, pregnancy remains an uncommon event.
Although pregnancy outcomes have improved since
the first reported case in 1971 [1], miscarriage, still-
birth, premature delivery and neonatal death remain
substantial risks. Strategies such as “enhanced” dialy-
sis regimens to improve fetal outcomes are themselves
not without the potential to cause harm. Furthermore,
experience in managing these patients is sporadic.
Pregnancy in such women, therefore, poses
a formidable challenge to renal physicians, obstetri-
cians, neonatologists and the renal multidisciplinary
staff. Given the more favorable experience of preg-
nancy in renal transplant patients, transplantation
may be considered as the ideal means to facilitate
conception and delivery in patients with ESRD.
Unfortunately, a lack of potential living donors, anti-
human leukocyte antigen (HLA) sensitization and
waiting times for cadaveric donation potentially
extending beyond the reproductive window may
limit transplantation as a viable reproductive option
for many young women. As such, knowledge about
the many issues surrounding pregnancy on dialysis is
necessary for the practicing nephrologist as well as for
the obstetric community.

Incidence of Pregnancy in ESRD
The earliest registry data come from the European
Dialysis and Transplant Association published in the
1970s, which comprised data from 67 centers in 19
countries [2]. There were only 16 pregnancies
reported among approximately 8,500 women on dia-
lysis aged 15 to 44 years, a pregnancy rate of
< 0.002 per woman on dialysis. In 1996, a comprehen-
sive national survey in Belgium from all of its 32
dialysis centers included 1,472 women of childbearing
age and reported an incidence of pregnancy beyond
the first trimester of 0.3 per 100 patient-years [3].

Similarly low rates were reported in a nationwide
Japanese survey, again from 1996, which revealed
a conception rate of only 0.44 percent among 38,889
women [4]. Further observational data collated from
dialysis centers in the United States from 1992 to 1995
reported a higher pregnancy rate (2.2 percent) among
6,230 women of childbearing age on dialysis [5].
Within the same survey, 1,699 women were on peri-
toneal dialysis, of which only 1.1 percent conceived.

More recent data suggest conception rates may be
improving over time. Higher pregnancy rates of
7.9 percent (9 pregnant patients among 113 dialysis
patients of childbearing age) were reported from
a survey of dialysis units in Saudi Arabia in 2003 [6].
All women who conceived were on conventional
hemodialysis, with no pregnancies reported among
women on peritoneal dialysis. A more contemporary
survey of nocturnal dialysis patients from Canada,
conducted from 2001 to 2006, revealed a higher con-
ception rate of 15.9 percent, with seven pregnancies
among 45 women of childbearing age [7]. The trend
toward improving conception rates by era is also
reflected in the Australia and New Zealand Dialysis
and Transplant (ANZDATA) registry [8].
The registry reported a notably progressive increase
in pregnancy rates from 0.03 percent (1976–1985) to
0.05 percent (1986–1995) and then 0.6 percent
(1996–2008). Again, patients on peritoneal dialysis
were found to have a lower rate of conception (0.1 per-
cent). Similarly, a recently published systematic
review and meta-regression analysis noted a sizable
increase in the number of reported cases of pregnancy
in women on hemodialysis (n = 616 between 2000 and
2014) [9] compared with a similar systematic review
completed less than a decade earlier (n = 90 between
2000 and 2008) [10].

Overall, published data still indicate low rates of
conception in women on dialysis. The etiology of
diminished fertility can be multifactorial. Menstrual
irregularities are common, with more than half of
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women on dialysis experiencing amenorrhea.
Of those who continue to menstruate, cycles tend to
be anovulatory due to lack of a luteal surge in luteiniz-
ing hormone [11]. Hyperprolactinemia and a higher
incidence of subclinical hypothyroidism may further
compound reproductive dysfunction [12]. Estradiol
and progesterone levels tend to be low, impeding
proliferation of the endometrial bed for implantation
[13]. In addition to hormonal dysregulation, sexual
dysfunction frequently affects pre-menopausal
women with ESRD, with a reported prevalence as
high as 84 percent [14]. Medications, nutritional sta-
tus, anemia, fatigue, altered body image and depres-
sion may all contribute to sexual dysfunction in this
group.

Recent work has focused on potential methods of
improving conception rates in dialysis patients.
Increasing erythropoietin use, the use of high-flux
dialyzers and, particularly, more intensive hemodia-
lysis may all potentially ameliorate reproductive dys-
function [7]. Recognition of sexual dysfunction and
subsequent counseling of patients may further
improve pregnancy rates. Published data on the use
of assisted reproduction in dialysis patients are sparse
and further study is warranted. The cause for lower
rates of conception in women on peritoneal dialysis
remains unclear. Possibilities include damage to the
ovum from hypertonic dextrose solutions, along with
mechanical interference of ovum transit due to
a fluid-filled peritoneal space [15]. It is contentious
whether women on peritoneal dialysis should switch
modality when wishing to conceive.

Outcomes of Pregnancy in ESRD
Pregnancy outcomes over time are summarized in
Table 10.1. The first reported successful pregnancy
in a hemodialysis patient resulted in a relatively
uncomplicated pregnancy with delivery at term of
a healthy infant weighing 1,950 grams [1]. However,
poor fetal outcomes with low live birth rates and high
premature delivery rates were consistently noted in
subsequent series from the early 1980s to the 1990s.
In 1980, the European Dialysis and Transplant
Association reported that only 23 percent of 115
pregnancies in dialysis patients ended with live births
[2]. During the 1990s, the authors of the Registry of
Pregnancy in Dialysis Patients reported an infant
survival rate of 42 percent [5]. The Belgian national
survey from1998 indicated that approximately 50 per-
cent of pregnancies in dialyzed patients were

successful [3]. Since 1995, a trend toward increased
numbers of successful deliveries has been reported
with live birth rates of 80 percent or greater [8, 16–
21]. Despite the improved live birth rates, premature
deliveries remain common with reported mean gesta-
tional ages at delivery of approximately 32 weeks’
gestation with birth weights tending to be below
2,200 grams [8, 16–21]. Maternal mortality is fortu-
nately not noted to be higher than in the general
population [5].

Recently, the ANZDATA registry has provided
valuable insights into pregnancy outcomes in
a sizable cohort of young women, as well as the effects
of residual renal function on pregnancy outcomes in
women on dialysis. In an observational outcomes study
of 49 pregnancies derived from 23,700 person-years of
follow-up, 79 percent of women who conceived
achieved a live birth, although 53.4 percent were pre-
mature and 65 percent of a low birth weight [8]. While
conception was more likely in younger women and in
those on hemodialysis, live birth rates were not related
to age or dialysis modality. Another analysis compared
pregnancy outcomes based on the use of dialysis prior
to or after conception in 73 women between 2001 and
2011 [22]. Women who had conceived before dialysis
initiation had significantly higher live birth rates than
women already established on dialysis (91 percent ver-
sus 63 percent), but ultimately delivered infants with
a similar gestational age and birth weight. This differ-
ence in live birth rates reflected a higher incidence of
early pregnancy loss in women already established on
dialysis at the time of conception, with similar out-
comes observed once beyond 20 weeks of gestation.
The ANZDATA registry reflects other large studies
that also demonstrate higher live birth rates in
women conceiving prior to initiation of dialysis, most
likely due to the presence of higher residual renal
function [3, 5, 20].

Retrospective data have also suggested that main-
tenance of lower pre-dialysis urea levels promotes
longer gestation and increases likelihood of successful
pregnancy [23]. Nocturnal hemodialysis, providing
intensive renal replacement therapy for eight hours
during sleep for three to six nights per week augments
clearance of “uremic toxins”with improved control of
phosphorus, extracellular volume status and blood
pressure. A prescription of nocturnal hemodialysis
has been demonstrated in the setting of a descriptive
cohort study to improve fertility and pregnancy out-
comes, delivering neonates with a mean gestational
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age of 36.2 weeks and birth weight of 2,418 grams [7].
Extending these findings, a recent comparison of
Canadian and US cohorts has indicated a dose
response between dialysis intensity and pregnancy
outcomes, reporting live birth rates of 48 percent in
women dialyzed ≤ 20 hours per week compared with
85 percent in women dialyzed ≥ 36 hours per week,
with an associated increased gestational age and
greater infant birth weight seen in those more inten-
sely dialyzed women [21].

With respect to dialysis modality, historical litera-
ture suggests that infant survival rates are similar in
women treated with hemodialysis or peritoneal dialy-
sis [5, 24]. Several reports, spanning from the early
1980s to this decade, indicate successful pregnancy
while receiving chronic ambulatory peritoneal dialy-
sis [25–30]. However, many of these patients con-
ceived prior to dialysis initiation and tended to have
higher residual renal function with creatinine clear-
ances between 5–15 ml/min, which was likely
a significant contributing factor toward successful
outcomes. Additionally, the comparisons were
between peritoneal dialysis and standard-intensity
hemodialysis. Registry data from the United States
have failed to support an advantage with peritoneal
dialysis [5, 31], and a later single-center case series
actually noted worse outcomes [24]. Further, the
aforementioned systematic review and meta-
regression analysis noted a significantly higher rate
of small-for-gestational-age (SGA) babies among
peritoneal versus hemodialysis patients at 67 percent
compared to 31 percent, respectively (p = 0.015) [9].
Unique challenges with peritoneal dialysis during
pregnancy include the potential difficulties with
catheter drainage and migration [30], limitations in
fill volumes [26, 29, 32] and risk of catheter-induced
traumatic injury in the face of an expanding uterus
[33, 34]. Preterm delivery and stillbirth have also been
documented secondary to acute peritonitis [27, 35].
Presently, it is reasonable to conclude that there is no
evidence to support the use of peritoneal dialysis in
pregnancy in preference to hemodialysis, and in our
practice we would consider switching a woman who
conceived on peritoneal dialysis to an intensive regi-
men of hemodialysis where possible.

Overall, more recent studies indicating improved
outcomes for women who commence dialysis in preg-
nancy, along with growing evidence to support an
intensive dialysis approach, prompt a shift toward
a more positive attitude in counseling women

considering motherhood [10]. A coordinated
approach combining the efforts of nephrologists,
obstetricians, neonatologists, nurse specialists and
nutritionists remains central to achieving this pre-
viously inaccessible goal.

Potential Pregnancy Complications in
Women with ESRD
Women on dialysis are prone to the complications of
both pregnancy and ESRD alike with the additional
risks of an intensified hemodialysis regimen that is
intended to improve pregnancy outcomes, but that
may introduce new complications. Reported compli-
cations are summarized in Table 10.2.

The major maternal complications are hyperten-
sion and preeclampsia. Increased blood pressure has
been reported in 30–80 percent of cases [7, 16, 36].
ESRD is associated with increased endothelial dys-
function and preeclampsia has been reported in
approximately 20 percent of cases [8, 17, 20], to
much higher rates in several other series [6, 18].
However, these may be over- or underestimations as
the diagnosis of preeclampsia is challenging in these
patients, most of whom are already hypertensive, have
proteinuria or are anuric. These complications have
been noted to be less frequent in series utilizing inten-
sified dialysis regimens [7, 19, 21].

Anemia with increased erythropoietin and iron
requirements is reported almost universally [3, 7, 19,
21]. In addition to the demands of placental and fetal
growth, requirements in dialysis patients may be
higher due to blood loss in hemodialysis circuits and
potential erythropoietin resistance due to inflamma-
tory cytokines. The need for supplementary blood
transfusions is frequently reported [19, 20]. Anti-
HLA sensitization from transfusions and as result of
pregnancy may become a significant issue in dialysis
patients who may be awaiting transplantation in the
future.

Arguably the most detrimental impact on fetal
outcomes remains the increased risk of preterm
birth and low birth weight (LBW). Although fetal
growth restriction is reported, the principal reason
for LBW has been premature birth with a weight
appropriate for the duration of gestation. Along with
preeclampsia necessitating urgent delivery, polyhy-
dramnios, acute shifts in maternal volume status and
shortened cervix can all lead to increased risk of pre-
term labor.

Section 5: Special Conditions

11
Downloaded from https://www.cambridge.org/core. University of Calgary Library, on 20 May 2018 at 18:11:41

https://www.cambridge.org/core


Ta
b
le

10
.2

Po
te
nt
ia
lP
re
gn

an
cy

C
om

pl
ic
at
io
ns

in
W
om

en
w
ith

En
d-
St
ag
e
Re
na
lD

is
ea
se

Pe
rio

d
C
ou

nt
ry

of
O
rig

in
N

H
yp

er
te
ns
io
n

Pr
ee

cl
am

p
si
a/

H
EL
LP

Po
ly
-

hy
dr
am

ni
os

Fe
ta
lG

ro
w
th

Re
st
ric

ti
on

Pr
et
er
m

D
el
iv
er
y*

C
on

ce
p
ti
on

p
rio

r
to

D
ia
ly
si
s

D
ia
ly
si
s
Ti
m
e

(w
ee

kl
y)

Pr
e-
di
al
ys
is

U
re
a

(m
m
ol
/L
)

19
92
–1
99
5

U
ni
te
d
St
at
es

[5
]

24
4
H
D
59

PD
81
%

N
R

N
R

28
%

84
%

22
%

N
R

N
R

19
88
–1
99
8

Ita
ly
[5
6]

5
20
%

N
R

10
0%

N
R

10
0%

0
14
–2
7
h

18
–3
6

19
86
–2
00
7

Ja
pa

n
[2
3]

28
39
%

N
R

39
%

N
R

92
%

15
%

18
.2
±
3.
9
h

18
±
4.
9

19
92
–2
00
3

Sa
ud

iA
ra
bi
a
[6
]

12
N
R

67
%

42
%

70
%

10
0%

42
%

4–
6
tim

es
Ta
rg
et

<
18

19
95
–2
00
1

Fr
an
ce

[1
6]

7
50
%

N
R

83
%

33
%

10
0%

0
15
–2
4
h

21

19
95
–2
00
4

Si
ng

ap
or
e
[1
7]

10
H
D
1
PD

64
%

18
%

18
%

27
%

10
0%

0
3h

,6
tim

es
Ta
rg
et

<
20

20
00
–2
00
2

Tu
rk
ey

[1
8]

7
N
R

43
%

28
%

14
%

10
0%

43
%

20
(1
6–
24
)h

Ta
rg
et
<
21
.5

20
00
–2
00
4

G
er
m
an
y
[1
9]

5
40
%

0
40
%

80
%

80
%

0
28
.6
±
6.
3
h

13
±
5

19
88
–2
00
8

Br
az
il
[2
0]

52
70
%

19
%

40
%

N
R

85
%

54
%

18
.4
(1
2–
24
)h

31
±
9.
8

19
66
–2
00
8

A
us
tr
al
ia
/N
Z
[8
]

49
N
R

19
%

5%
N
R

53
%

51
%

N
R

N
R

20
00
–2
01
3

C
an
ad
a
[7
,2
1]

22
18
%

5%
5%

14
%

53
%

18
%

43
±
6
h

9.
9

H
D
:h
em

od
ia
ly
si
s;
PD

:p
er
ito

ne
al
di
al
ys
is
;H

EL
LP
:h
em

ol
ys
is
,e
le
va
te
d
liv
er
en

zy
m
es
,l
ow

pl
at
el
et
s
sy
nd

ro
m
e;
N
Z:
N
ew

Ze
al
an
d;
N
R:
no

tr
ep

or
te
d.
*P
re
te
rm

de
fi
ne

d
by

<
37

w
ee
ks
of
ge

st
at
io
n

11
Downloaded from https://www.cambridge.org/core. University of Calgary Library, on 20 May 2018 at 18:11:41

https://www.cambridge.org/core


Increased frequency of polyhydramnios has been
reported in almost all series, ranging from 18 percent
to 60 percent of pregnancies [6, 17, 19, 20, 23, 36]. It is
possibly a sequela to the raised maternal urea concen-
tration that drives fetal solute diuresis with
a subsequent expansion of the amniotic fluid volume.
Additionally, amniotic volume closely reflects mater-
nal volume status in women treated by hemodialysis.
While reduced ultrafiltration can lead to polyhydram-
nios, maternal intravascular depletionmay precipitate
oligohydramnios. Acute shifts in maternal volume
status during dialysis can also result in compromised
uteroplacental and fetal perfusion, provoking fetal
growth restriction or fetal distress, necessitating an
early delivery. The umbilical artery pulsatility index
and fetal heart rate both exhibit substantial variation
after dialysis treatment [37]. However, when strate-
gies to minimize fluid shifts are deliberately applied,
these adverse effects are not observed [38, 39].

Dialysis-induced reductions in serum progester-
one may increase the risk of preterm labor, as low
progesterone activity is associated with increased
uterine contractility and cervical ripening [40].
However, the degree to which progesterone is lowered
is subject to patient-specific variability. Furthermore,
for pregnant women on hemodialysis, there seems to
be little demonstrable association between progester-
one levels and uterine contractions [41]. There is an
increased rate of cervical shortening reported in
women on intensified dialysis, with 3 out of 5

pregnant women in a German cohort [19] and 4 out
of 21 pregnancies in a Canadian cohort [21] suffering
from cervical insufficiency. The precise contribution
to cervical shortening by progesterone lowering from
intensive dialysis remains unclear.

Preterm labor can reflect any combination of these
factors and seeking to minimize their impact has
underscored contemporary strategies developed to
support pregnancies in women on dialysis.

Management of the Pregnant
Hemodialysis Patient
The ultimate goal of a successful pregnancy is the
well-being of both mother and infant. Fetal outcomes
are influenced by several aspects of care from precon-
ception to the neonatal period (Figure 10.1). As such,
management of the pregnant patient necessitates
a comprehensive multidisciplinary approach to opti-
mize all dialysis and obstetric considerations
(Table 10.3).

Information Sharing and Counseling
Recognition of the impact of ESRD on reproduc-
tive health is an essential prerequisite to providing
supportive care to young women with ESRD. All
young women on dialysis should be offered sys-
tematic information on reproductive health issues
supplemented as needed with further counseling.
Sharing accurate information with women about

•  Assisted reproduction
•  Dialysis intensification

Neonatal ICU

•  Intensified dialysis
•  Ultrafiltration
•  Iron and erythropoietin
•  Dietetic care

Obstetric Care
Cervical length

•
Fetal and placental

monitoring

Pre-conception
Counselling about risks

Neonatal Care

•  Advanced technologies
•  Cervical cerclage,
   BPP, Placental
   Doppler examinations

Maternal Care

Urea
•

Blood pressure
•

Anemia
•

Nutrition

Figure 10.1 Factors influencing fetal
outcomes and strategies for their
optimization.
Reprinted with permission from
Seminars in Nephrology.

Section 5: Special Conditions

11
Downloaded from https://www.cambridge.org/core. University of Calgary Library, on 20 May 2018 at 18:11:41

https://www.cambridge.org/core


outcomes should empower informed choices with
regards to both contraception and pregnancy.
Given the more favorable experience of pregnancy
outcomes in the transplant population [42], all
suitable patients should be encouraged to explore
living donor options and be activated on the wait-
ing list for cadaveric transplantation at the earliest
opportunity. Switching to a more intensified
hemodialysis regimen to improve chances of con-
ception may also be considered. At the same time,
the potential for anti-HLA sensitization if concep-
tion occurs while on dialysis also needs to be
discussed. Data with respect to the utilization of
assisted reproduction services are sparse and
require further study.

Early Diagnosis and Rapid Activation of
a Multidisciplinary Care Plan
Pregnancy in patients with ESRD is often diagnosed
late due to the amenorrhea and anovulatory cycles
that are characteristic in this patient population.
Furthermore, hormonal diagnosis is also more com-
plex, as reduced renal clearance of human chorionic
gonadotropin (hCG) can lead to false-positive serum
pregnancy tests in women with ESRD [43]. High iron
and erythropoietin requirements may be initial clues
to pregnancy. Early diagnosis is essential to expedite
review and adjustment of medications (e.g. disconti-
nuation of angiotensin-converting enzyme inhibitors
[ACEi], angiotensin receptor blockers [ARBs] and

Table 10.3 Recommendations for a Systematic Protocol for the Management of Pregnant Women on Hemodialysis

Activation of multidisciplinary team including nephrologists, dialysis nurses, high-risk obstetricians, neonatologists,
pharmacists, social workers and dieticians

Medication Review • Stop angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, statins

Intensification of
Dialysis Treatment

• > 36 hours/week or as necessary to target near normal physiology in a adequately nourished
patient

Hypertension • Target blood pressure < 140⁄90 mmHg post dialysis

Volume Status • Monthly, then weekly volume assessments using blood pressure, edema and fetal ultrasound
as a guide

Electrolytes • Dialysate potassium concentration: 3–3.5 mmol⁄l

• Dialysate bicarbonate concentration: 25 mmol⁄l

• Dialysate calcium concentration: 1.5–1.75 mmol⁄l

• Sodium phosphate (fleet enema) to dialysate as needed

Vitamins, Minerals
and Diet

• Double dose of multivitamin

• Folic acid 5 mg daily

• Unrestricted diet

• Daily protein intake 1.5–1.8 g⁄kg⁄day

Anemia • Intravenous and/or oral iron to maintain normal stores

• Erythropoietin-stimulating agent to target a hemoglobin of 110 g⁄l

Fetal assessment
and follow-up

• Cautious interpretation of all screening tests

• Ultrasound to measure cervical length and assess for anomalies at 18–20 weeks

• Placental ultrasound with Doppler assessment at 22 weeks

• Weekly ultrasound and biophysical profile from 26 weeks until delivery

• Consultation with neonatologist

Emotional support • Regular mental health assessments to diagnose difficulty coping during pregnancy or
postpartum depression

Adapted from the Toronto Pregnancy and Kidney Disease (PreKid) Clinic Protocol [46]
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statins), implementation of a systematic intensified
dialysis protocol and formulation of a multidisciplin-
ary care plan involving health care providers with
expertise in high-risk pregnancy.

Changes in the Dialysis Regimen
Observational studies from the past decade of preg-
nant women on dialysis have shown improved out-
comes with more intensive hemodialysis [7, 19, 21].
This may be mediated by increased urea clearance,
improved blood pressure control, decreased fluctua-
tions in volume status, decreased endothelial dysfunc-
tion, improved phosphate control and the alleviation
of dietary restrictions, resulting in better nutrition.

The most noteworthy benefit of intensive dialysis
may be related to improved urea clearance. Increased
maternal urea results in fetal solute diuresis, and sub-
sequent polyhydramnios. Historically, a pre-dialysis
urea below 17.9 mmol/L (50 mg/dl) was recommended
as the target [44]. In support of this was a series from
2009 of 28 pregnant women receiving hemodialysis with
18 surviving infants, in which urea levels were found to
be negatively correlated with gestational age [23]. A pre-
dialysis urea level of 17.1 mmol/L (48 mg/dl) corre-
sponded to a gestational age of 32 weeks and fetal
birth weight of 1,500 grams. In a series of seven preg-
nant women on nocturnal hemodialysis, dialysis time
was increased to 48±5 hours per week with much lower
pre-dialysis urea concentrations (mean 9.9 mmol/L)
maintained throughout the pregnancy [7]. The mean
gestational age was 36.2±3.0 weeks, suggesting that tar-
geting lower pre-dialysis urea levels may improve preg-
nancy outcomes. A dose-related response between
dialysis intensity and pregnancy outcomes has been
described [21], with live birth rates of 85 percent
achieved in women dialyzed ≥ 36 hours per week, with
an associated older gestational age (36 weeks) and birth
weight (2,118 grams). Current best evidence supports
delivering a greater amount of hemodialysis than the
standard accepted with traditional regimens, with
a focus on restoring the commonlymeasured laboratory
values closer to normal maternal physiology. At least 36
hours of hemodialysis weekly appears necessary for
women with ESRD without residual kidney function,
whereas women with residual renal function may not
require as many hours of hemodialysis. Potential bar-
riers such as distance from the dialysis center, problems
with vascular access, personal tolerance and availability
of local resources may limit the delivery of highly inten-
sified dialysis. Still, the escalation of dialysis regimen

intensity should be implemented as soon as conception
is confirmed whenever possible.

Intensifying peritoneal dialysis is typically
achieved through an increase in dialysate volume
and number of exchanges, though there are fewer
reports to guide this modality in general [45].
It seems likely that a higher peritoneal dialysis dose
is beneficial, with increased frequency of exchanges,
but a growing gravid uterus may progressively limit
exchange volumes as the pregnancy advances.

Changes in Fluid Balance Management
Attentive management of fluid balance is of particular
importance in anuric patients and is intimately inte-
grated within the dialysis regimen. More frequent
hemodialysis can improve control of salt and water
balance, and thus, blood pressure, protecting both
mother and fetus from the dangers of uncontrolled
hypertension and potentially obviating the need for
medication. A target blood pressure of <140/
90 mmHg following dialysis has been recommended
[46]. Preventing large shifts in maternal fluid volume is
paramount to preventing the attendant hazards of
polyhydramnios, oligohydramnios and diminished
fetal perfusion. Daily treatment with more limited
ultrafiltration volumes offers optimal control in this
regard. Appropriate monitoring of amniotic fluid
volume and uteroplacental circulation via ultrasound
can help inform the optimal dialysis fluid management
[38]. Weight gain is an integral component of preg-
nancy, and thus, target post-dialysis dry weight needs
to be adjusted on a continuing basis. An adequately
nourished woman can be expected to gain approxi-
mately 1–1.5 kg in the first trimester with a subsequent
weight gain of about 0.5 kg per week until delivery.
Astute ongoing clinical examination, balancing nutri-
tional status, blood pressure and amniotic fluid volume
to customize target weight, is essential.

Electrolyte Management
Intensification of dialysis can lead to reductions in
phosphate, calcium and potassium levels [7].
Prolonged dialysis often leads to hypophosphatemia
and total body phosphate depletion. Cessation of
phosphate binders, a phosphate-rich diet and even
addition of phosphate to the dialysate bath is often
required to maintain normal serum phosphate levels
[46]. The potassium bath often requires an increase to
3 mmol/L to avoid hypokalemia [46].
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Pregnancy is associated with an increase in intest-
inal calcium absorption, parathyroid hormone-
related protein (PTHrp), and placental conversion of
25-OH vitamin D to 1,25-OH vitamin D, all of which
can lead to hypercalcemia. However, with frequent
prolonged dialysis, patients are commonly in negative
calcium balance. As a result, the dialysate calcium
bath often needs to be increased up to 1.75mmol/L
so that adequate calcium exists for fetal skeletal devel-
opment during the third trimester [46].

Serum magnesium concentrations are typically
normal or high in dialysis patients, but this may not
be the case in intensively dialyzed patients. In the
absence of urinary excretion, there is also an inherent
danger of iatrogenic hypermagnesemia with stan-
dard-dose magnesium infusions used for the preven-
tion and management of eclampsia. Dose reductions
in magnesium infusions and close monitoring with
serial levels are essential.

Progesterone-induced hyperventilation in preg-
nancy leads to respiratory alkalosis. A lack of renal
compensation in ESRD patients, compounded by
emesis during pregnancy, may lead to persistent alka-
lemia. This may require a reduction in the dialysate
bicarbonate bath to 25mmol/L [46] tomaintain a phy-
siological serum bicarbonate during pregnancy
(18–21mmol/L).

Frequent assessment of all electrolyte levels is
required for close monitoring and adjustments.

Ensuring Good Maternal Nutrition
More frequent dialysis permits alleviation of dietary and
fluid restrictions that are otherwise standard with less
intense regimens. A trained dietician should provide
nutritional supervision. The recommended protein
intake of pregnant women in the general population is
1.1g/kg/day. However, ESRD patients already require
a higher protein intake of about 1.4g/kg/day to account
for protein losses during dialysis. Therefore, an increase
in dietary protein intake up to 1.8g/kg/day has been
suggested for pregnant dialysis patients [46]. As water-
soluble vitamins and minerals can be removed with the
more intensive regimens, generous folate supplementa-
tion of up to 5mg/day is suggested along with doubling
of daily multivitamin supplementation [46].

Intensified Anemia Management
Anemia management also demands escalation in
order to maintain a target hemoglobin of 110 g/L.

Requirements for exogenous erythropoietin increase
by 50–100 percent due to erythropoietin resistance
possibly mediated by cytokine production during
pregnancy. Given its large molecular size and lack of
erythropoietin receptors on the human placenta [47],
it is unlikely to cross the placenta.

The estimated iron requirement in pregnancy is
approximately 0.8 mg/day in the first trimester, 4 to
5 mg/day in the second trimester, and >6 mg/day in
the third trimester [48]. In addition, there is an esti-
mated 1–3 g yearly loss of iron on hemodialysis.
As a result, maintaining adequate iron stores to sup-
port optimal erythropoiesis commonly requires par-
enteral supplementation, usually necessitating
a greater than 30–50 percent increase in intravenous
iron dosing [46].

Anticoagulation
As frequent circuit clotting and loss of blood can
worsen anemia, it is important to maintain good
extracorporeal-circuit anticoagulation during dialy-
sis. Pregnancy is a hypercoagulable state and there
may be requirements for increased doses of heparin.
Heparin is non-teratogenic and does not cross the
placenta [49]. However, a recent study demonstrated
that heparin can increase serum sFlt-1 levels up to 25-
fold during dialysis [50]. What effect this may have
with respect to the risk of preeclampsia is unknown.

Fetal and Maternal Obstetric Monitoring
Fetal monitoring comprises careful screening for con-
genital anomalies and follow-up of fetal growth.
The first-trimester screens for Down syndrome and
trisomy 18 involve measurement of maternal serum
beta human chorionic gonadotropin (β-hCG), mater-
nal serum pregnancy-associated plasma protein-A
(PAPP-A) and an ultrasound measurement of nuchal
translucency (NT) between 9 and 13 weeks of gesta-
tion. Both serum markers can be elevated in dialysis
patients; β-hCG is inversely correlated with creatinine
clearance [51] and PAPP-A levels can be augmented
by the intravenous administration of heparin [52].
As a result, a positive screen becomes difficult to
interpret. The maternal serum screen or the quadru-
ple test, performed during 15 to 18 weeks of gestation,
consists of total hCG, α-fetoprotein, inhibin A and
unconjugated estriol (uE3). Unconjugated estriol
levels are low in dialysis patients, thereby also decreas-
ing the reliability of the test [53]. Definitive fetal
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chromosomal analysis (karyotyping) by chorionic vil-
lus sampling (CVS) or amniocentesis, or maternal cell
free DNA sequencing may be required to aid the
diagnostic process. As α-fetoprotein is not dependent
on renal clearance [54], it can still be used to assess the
risk for neural tube defects. Most centers perform
a second ultrasound at 18–20 weeks to further screen
for anomalies.

Monitoring of fetal growth with weekly ultra-
sounds after 26 weeks of gestation has been recom-
mended to follow biophysical profile (BPP) scores, the
amniotic fluid index and biometry (estimated fetal
weight) [46]. Decreased amniotic fluid volume and
index may indicate over aggressive ultrafiltration,
allowing for readjustment of the target weight to
higher levels. Conversely, increased amniotic fluid
index or polyhydramnios may prompt increased
ultrafiltration, or assessment of dialysis efficiency to
target lower pre-dialysis urea levels. Assessment of
uterine–umbilical artery blood flow and continuous
fetal heart rate tracings may be performed before,
during and after dialysis sessions, to further guide
ultrafiltration [38]. Some authors suggest that such
fetal heart rate monitoring should be performed dur-
ing each dialysis after 25 weeks of gestation [19], but
this is not routine or practical in many centers.

A placental ultrasound to assess placental length,
thickness and placental cord insertion along with
uterine and umbilical artery Doppler studies to quan-
tify pulsatility indices are performed in some centers
at approximately 22 weeks of gestation. Abnormal
pulsatility indices along with fetal growth restriction,
in addition to high blood pressure and hematological
alterations that may be suggestive of hemolytic ane-
mia with elevated liver enzymes and low platelets
(HELLP) syndrome can point toward the develop-
ment of preeclampsia [46].

Increased rates of cervical insufficiency have been
incidentally noted during ultrasound surveillance in
patients on intensified hemodialysis [7, 19, 21].
Shortened cervical length is deemed an important pre-
dictor of preterm delivery, and affected women may
benefit from cervical cerclage. Vaginal progesterone has
been shown to decrease spontaneous preterm birth in
women with asymptomatic second-trimester cervical
shortening [55]. Whether this benefit may be extrapo-
lated to the pregnant dialysis population is unknown.
The joint involvement of expert nephrologists and obste-
tricians is essential in the interpretation and manage-
ment of the aforementioned measures of surveillance.

Conclusion
Pregnancy outcomes have improved over the past 30
years, at least in those pregnancies continuing beyond
the first trimester, with a shift toward more hope and
enthusiasm. However, many unresolved issues per-
sist. Even with fastidious implementation of strategies
such as those detailed in this chapter, the risk of
preterm birth and morbidity remains significant.

With low conception rates, pregnancy in a hemo-
dialysis patient is a rare challenge for individual renal
units. The experiences reported earlier can and should
help formulate a local “pregnancy in dialysis protocol”
constructed by renal and obstetric units in partner-
ship. It would seem reasonable to base this upon the
strategies reported from case series published in the
new millennium modified as necessary to match local
resources and expertise (Table 10.3).

Undoubtedly, the most important aspect of man-
agement is meticulous attention to detail by a skilled
multidisciplinary team. Those focusing on the renal
replacement therapy need to achieve excellence in the
many elements detailed earlier. Obstetricians and
midwives will need to perform far more frequent
assessments of maternal and fetal well-being, as they
will face many challenges. Finally, neonatologists will
need to be prepared for the birth of preterm low birth
weight infants and ensure provision of neonatal inten-
sive care facilities at the delivery center.
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Chapter

11
Pregnancy and the Renal Transplant
Recipient
Nadia Sarween, Martin Drage and Sue Carr

Introduction
The first successful birth in a renal transplant patient
was in 1958, although it was not reported until 1963
[1]. Now the literature contains more than 14,000
reported pregnancies worldwide [2] and approxi-
mately 2 percent of women of childbearing age with
a renal transplant will become pregnant [3].

Timing of Pregnancy
Fertility and the ability to conceive rapidly improve
within a few months of successful renal transplanta-
tion [2, 4, 5]. In order to avoid pregnancy early post
transplant, it is important that appropriate contra-
ceptive advice is given to women before transplanta-
tion [2, 6–10].

Published guidelines [4, 11, 12] advise women to
defer pregnancy for 12–24 months following a renal
transplant (Box 11.1). Studies have reported favorable
pregnancy outcomes 12 months post transplant [13]
and the American Society of Transplantation guide-
lines state that in women with a stable renal trans-
plant, who are at low risk of complications, pregnancy
may be considered at 12 months (Box 11.2) [4]. The
optimal timing of pregnancy is probably between 12
months and 5 years post transplant. However, some
women who do not fulfill the recommendations
regarding preferred timing of pregnancy will acciden-
tally conceive or decide to conceive and then the
situation has to be assessed on an individual basis.
The safety of common drugs used in renal disease,
including transplant recipients, are discussed in
Chapter 7.

Effects of Pregnancy on the Renal
Transplant Recipient
In normal pregnancy, the glomerular filtration rate
(GFR) increases by approximately 50 percent owing
to increased renal plasma flow (45 percent by nine
weeks and 70 percent in mid-pregnancy) (see Chapter

1). This results in a fall in serum creatinine (SCr) by
45–70 μmol/l, which persists throughout normal
pregnancy. In renal transplant patients, a similar
increase in GFR has been reported during pregnancy,
the magnitude of which is dependent upon prepreg-
nancy renal function [14–16]. Fischer et al. reported
the increase in GFR in pregnancy to be similar in both
azathioprine- and ciclosporine-treated patients,
although the prepregnancy SCr was lower in
azathioprine-treated women [13].

Renal Function during and after Pregnancy
The UK Transplant Pregnancy Registry (UKTPR), US
National Transplant Pregnancy Registry (NTPR),
Australian and New Zealand registry (ANZDATA)
and numerous single-center studies have investigated
the effect of pregnancy on renal allograft function
(Table 11.1) [13, 17–36].

In general, most [13, 18, 21, 23, 27, 35, 37–39] but
not all [25, 28, 29, 40] studies report no significant
deleterious effect of pregnancy on graft function. This
is supported by a review published in 2012 summar-
izing international transplant registry and single-cen-
ter data [12].

Bramham et al. used the UKObstetric Surveillance
System (UKOSS) to identify and follow up the out-
come of 105 pregnancies in 101 women with renal
transplants over a three-year period (2007–2009). The
median SCr fell from 118 μmol/l prepregnancy to
104 μmol/l during the first and second trimesters
and subsequently increased to 123 μmol/l in the
third trimester. However, they reported that SCr did
not fall in the second trimester in 49 percent of
women and 38 percent of women had an increase in
SCr of at least 20 percent during the pregnancy [38].
Stoumpos et al. recently reported outcomes in kidney
transplant pregnancies over a 40-year period at a
single center in Scotland (United Kingdom); a 27.5
percent rate of pregnancy-associated transplant dys-
function was observed [35].
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Fewer studies have reported long-term renal trans-
plant outcomes following pregnancy. Rahamimov et al.
followed 39 women who became pregnant with a func-
tioning allograft for 15 years and reported the
long-term graft outcomes compared to three matched
control patients. At 15 years, graft and patient survival
were similar in both groups (72 percent and 85 percent
in pregnantwomen versus 69 percent and 79 percent in
the control group, respectively [28]). Stoumpos et al.
also reported similar long-term patient and graft sur-
vival in kidney transplant recipients compared to a
matched transplant control group [35].

Using data from the ANZDATA, Levidiotis et al.
analyzed 40-year pregnancy-related outcomes of 381
women with renal allografts. One hundred twenty of
these women were matched with 120 nulliparous
women for various factors, including transplant date
and prepregnancy renal function. There was no dif-
ference in 20-year graft or patient survival between
the two groups [31].

Fischer et al. [13] also reported positive outcomes
following 81 renal transplant pregnancies. There was
no significant deterioration in renal function (mean
Scr 115 μmol/l at conception and 119 μmol/l

BOX 11.1 Criteria for considering pregnancy in renal transplant recipients; MMF = mycophenolate mofetil;
reproduced with permission from European Best Practice Guidelines Expert Group on Renal
Transplantation [11]

1. Good general health for about two years after transplantation.
2. Good stable allograft function [serum creatinine < 177 µmol/l (2 mg/dl), preferably < 133 µmol/l (< 1.5 mg/dl)].
3. No recent episodes of acute rejection and no evidence of ongoing rejection.
4. Normal blood pressure or minimal antihypertensive regimen (only one drug).
5. Absence of or minimal proteinuria (< 0.50 g/day).
6. Normal allograft ultrasound (absence of pelvicalyceal distension).
7. Recommended immunosuppression:

• prednisone < 15 mg/day
• azathioprine ≤ 2 mg/day
• ciclosporine or tacrolimus at therapeutic levels
• MMF and sirolimus are contraindicated
• MMF and sirolimus should be stopped six weeks before conception is attempted.

BOX 11.2 Criteria on which to determine the timing of pregnancy following renal transplant; American
Society of Transplantation guidelines; reproduced with permission from McKay et al. [4]

Basis on which to determine timing of pregnancy:

• no rejection in the past year
• adequate and stable graft function (e.g. creatinine < 1.5 mg/dl but true GFR needs to be defined in prospective
studies) or no or minimal proteinuria (level needs to be defined)

• no acute infections that might impact fetus
• maintenance immunosuppression at stable dosing

Special circumstances that impact recommendations:

• rejection within the first year (consider further graft assessment – biopsy and GFR)
• maternal age
• comorbid factors that may impact pregnancy and graft function
• established medical noncompliance

Pregnancies outside the guidelines need to be evaluated on a case-by-case basis. In general these considerations
could be met at one year post-transplant based on individual circumstances.
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postpartum) and no difference in graft survival at 10
years in female transplant recipients who became
pregnant, or between women treated with azathiopr-
ine versus ciclosporine during pregnancy. Similarly,
Crowe et al. [18] reported stable renal function during
pregnancy and up to one year postpartum in 33 preg-
nancies. Keitel et al. [23], in a study from Brazil,
reported no significant rise in Scr following preg-
nancy and no difference in long-term graft survival
following pregnancy in 44 transplant recipients.

Piccoli et al., in an Italian multicenter study, have
compared maternal and obstetric outcome in preg-
nant kidney transplant recipients to pregnancies in
non-transplant chronic kidney disease (CKD) women
[41]. Outcomes were split according to CKD-EPI
stage. There was a higher incidence of CKD stage
shift at delivery in the transplant CKD stage 1 group
(31.6 percent) versus the CKD stage 1 cohort (6.7
percent). This difference was not observed in the
more advanced stages of CKD.

However, some studies have reported less favor-
able outcomes. Rose et al. has recently, using
Medicare data, reported rates of allograft failure
from any cause including death at one, three and
five years after pregnancy as 9.6 percent, 25.9 percent
and 36.6 percent, respectively [33]. Of note this study
was limited to women becoming pregnant within
three years post transplantation and limited to first
kidney transplant.

The UKTPR reported an increased SCr postpar-
tum when the SCr was greater than 150 μmol/l before
pregnancy [28]. Thompson et al. [29] performed a
retrospective case note review and compared out-
comes with registry data. It was evident that 20 per-
cent of women experienced a decline in renal function
that persisted up to six months postpartum. This
effect was most marked in women with prepregnancy
SCr level greater than 155 μmol/l. A lower eGFR,
higher urine PCR and cadaveric versus live donation
were reported by Stoumpos et al. to be associated with
an increased risk of ≥20 percent loss of eGFR between
prepregnancy and one year post delivery. [35].

Galdo et al. [20], in a single-center report of 37
renal transplant pregnancies in Chile, reported a sig-
nificant decline in renal function from mean SCr
105 μmol/l at baseline to 127 μmol/l at delivery and
122 μmol/l at one year postpartum. In Brazil, Oliveira
et al. [25] also found that 44 percent of women had a
decline in renal function during pregnancy or
postpartum.

A study from Iran reported outcomes for 74 preg-
nancies in recipients of living donor kidneys. Sixty-
nine percent had no decline in renal function. Nine
had significant deterioration in renal transplant func-
tion; however, 17.5 percent of pregnancies in this
study were within 12 months of renal transplantation
[26].

Rose et al. reported that pregnancy in the first year
post transplantation was associated with an increased
risk of all-cause allograft failure and death-censored
graft loss [33]. Furthermore, pregnancy in the second
year was also associated with an increased incidence
of death-censored graft loss. Pregnancy in the third
year was not associated with an increase in either
outcome. This study suggests that the second year
post transplant is also associated with an increased
risk of allograft failure.

These studies indicate a considerable variation in
renal transplant outcomes in different centers around
the world. As a general rule, renal transplant patients
with significantly impaired prepregnancy renal func-
tion are more likely to suffer a pregnancy-related
decline in renal function. In a previous analysis of
NTPR data, Armenti et al. [42] reported that all
women with prepregnancy Scr above 177 μmol/l
needed dialysis two years postpartum. Stratta et al.
[36] concluded that renal prognosis following preg-
nancy was determined by prepregnancy graft and
time post transplant. In summary, as of 2017, it is
generally accepted that there is no need to alter opti-
mistic counseling practices in women with good graft
function.

Gestational Diabetes
Gestational diabetes (GDM) has been reported to be
more prevalent in kidney transplant recipients in
some [43–45] but not all studies [32]. A recent meta-
analysis analyzed the outcome of 4,706 pregnancies in
3,570 kidney transplant recipients and the rate of
GDM was 8 percent, which is double that found in
the general US population. This may in part be
explained by the use of prednisolone and tacrolimus
in this group of patients.

Effects of Multiparity and Multiple
Pregnancies
The European Dialysis and Transplant Association
(EDTA) registry reported that 14 percent of 820
women had a second pregnancy following a successful
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first pregnancy between 1967 and 1990. Repeated
pregnancy did not seem to adversely affect graft func-
tion provided that graft function was good at the onset
of pregnancy [46].

The NTPR reported the outcome of multiple
pregnancies (10 sets of twins, four sets of triplets)
in 13 women from a cohort of 458 renal transplant
recipients [43]. Five of the multiple pregnancies
were conceived using assisted conception techni-
ques. The pregnancies were complicated by hyper-
tension in 77 percent of cases, preeclampsia in 29
percent and infection in 25 percent. Mean SCr at
beginning or prepregnancy was on average
133 μmol/l with a rise to a mean of 150 μmol/l
postpartum. In this group the mean gestational age
was 33 weeks and birth weights were low at 1736 g.
Seven of the 13 women were followed up, two of
whom experienced reduced graft function and one
of whom returned to dialysis.

Differential Diagnosis of Deteriorating
Renal Function in Renal Transplant Patients
Renal transplant dysfunction may develop for many
reasons during a pregnancy, and it is important to
establish the underlying cause, which may be multi-
factorial. Table 11.2 lists the types of transplant dys-
function and their possible causes. Investigation of

acute graft dysfunction in pregnancy may require
the following investigations.

1. Biochemistry: urea and electrolytes, liver function
tests and glucose.
Lactate dehydrogenase (LDH) may be raised in a
woman with hemolysis and may aid diagnosis of
hemolytic anemia, elevated liver enzymes and low
platelet count (HELLP) syndrome.

2. Full blood count, platelet count and a blood film to
exclude schistocytes and microangiopathic
hemolytic anemia.

3. Quantification of urinary protein excretion: 24-
hour urine protein collection or protein/albumin
creatinine ratio (PCR/ACR).

4. Ciclosporine or tacrolimus levels.
5. Urine culture to exclude infection.
6. Renal tract and allograft ultrasound scan: noting

that urinary tract dilatation is a feature of normal
pregnancy.

7. Renal transplant biopsy may be considered when
acute rejection or recurrent or de novo glomerular
disease is suspected. This should be performed
after pre- and post-renal causes have been
excluded and when clotting and platelet counts are
normal (many patients will be receiving aspirin,
which should be discontinued). An immunology
screen (including antinuclear autoantibodies,

Table 11.2 Differential diagnosis of renal transplant dysfunction in pregnancy

Type of renal
transplant
dysfunction

Possible causes to consider

Pre-renal Hypovolemia and/or hypotension due to vomiting, hemorrhage (postpartum or antepartum)
or sepsis (often due to acute pyelonephritis)

Vasoconstriction – especially associated with preeclampsia (may be exacerbated by
ciclosporine)

Intrarenal
transplant

Acute tubular necrosis due to prolonged pre-renal factors

Microangiopathy – in preeclamptic syndromes, severe hypertension (or rarely de novo
hemolytic uremic syndrome)

Acute interstitial nephritis – diuretics, antibiotics

Acute rejection

Calcineurin inhibitor nephrotoxicity

Viral infections – polyoma virus, cytomegalovirus infection

Recurrent glomerular disease or de novo glomerulonephritis

Post-renal Hydronephrosis of transplant kidney due to calculi, polyhydramniotic uterus or, rarely,
exaggerated physiological dilatation of transplant kidney
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dsDNA antibodies, complement levels C3 C4,
antineutrophil cytoplasmic antibodies [ANCA]
lupus anticoagulant and anticardiolipin
antibodies) should be considered in suspected
glomerular disease.

Risk of Acute Rejection
The immunological changes that occur in pregnancy
may protect against acute rejection [2, 37]. Overall,
the reported incidence of acute rejection during preg-
nancy is low and the consensus from the literature is
that acute rejection rates in pregnancy are no higher
than in nonpregnant patients. The incidence of acute
rejection in published cohort studies range from 2
percent to 14.5 percent [27, 29, 34, 35, 37].

The American Society of Transplantation (AST)
and the European Best Practice Guidelines (EBPG)
Expert Group on Renal Transplantation guidelines
recommend deferring pregnancy for 12–24 months
to reduce the risk of acute rejection and other pro-
blems frequently associated with the early months
following renal transplantation [4, 11].

Fluctuation in calcineurin inhibitor (CNI) levels
during pregnancy may be an additional predisposing
factor for acute rejection, as discussed in Chapter 7.
Drug levels may fall and Fischer et al. [13] reported a
33 percent increase in dose requirement after 20
weeks of gestation. However, the authors found a
sharp increase in levels postpartum and doses had to
be reduced to avoid toxicity. Three out of six patients
with biopsy-proven acute rejection during pregnancy
in Stoumpos’s study had sub-therapeutic tacrolimus
levels prior to the rejection episodes [35]. Careful
attention should thus be given to monitoring CNI
levels during pregnancy and the puerperium.

Reviews of the treatment of acute rejection in
pregnancy report treatment with corticosteroids is
safe. However, there are limited data regarding the
use of monoclonal antibodies, immobilized OKT3,
antithymocyte globulin (ATG) or basiliximab or
daclizumab. The AST guidelines support use of intra-
venous gammaglobulin, but ATG and rituximab
should be avoided in pregnancy [2, 4, 11].

Hypertension
A systematic review and meta-analysis of 4,706 preg-
nancies in 3,570 renal transplant recipients from 2000
to 2010 reported 54.2 percent cases of hypertension
and 27 percent cases of preeclampsia. The NTPR

reported that 47–73 percent of renal transplant
patients were hypertensive during pregnancy and
other reports have endorsed this [2, 47].

The UKTPR reported 69 percent of renal trans-
plant recipients were treated for hypertension pre-
pregnancy and a further 8 percent were commenced
on treatment during pregnancy [28]. Yongwon et al.
[48] reported a lower incidence of hypertension (28
percent) in pregnant transplant patients, and an
Italian study [24] reported hypertension in only 16
percent of pregnant transplant patients at booking,
increasing to 58.2 percent at term. Bramham et al.
reported 16 percent of women who were not pre-
viously taking antihypertensive medication were
commenced on treatment during their pregnancy
[38]. Several studies have reported the incidence of
hypertension to be higher in ciclosporine-treated
mothers (51.7 percent) [13, 47].

Registry reports and recent studies have indicated
that the incidence of preeclampsia is between 15 per-
cent and 58 percent in this group (Table 11.1).
However, the diagnosis of preeclampsia can be diffi-
cult in renal transplant patients as blood pressure
often rises in the second trimester and women with
renal transplant often have preexisting proteinuria.
Morken et al. has recently reported an increased risk
of preeclampsia in pregnancies fathered by male
patients following solid organ transplantation [49].

In high-risk populations aspirin has been shown
to reduce the risk of preeclampsia [50]. In the UKOSS
study only 30 percent of the pregnant women with
renal transplants were on aspirin and no difference
was found in rates of preeclampsia compared to those
not on anti-platelet therapy [38].

Hypertension is an important determinant of
pregnancy outcome in the renal transplant patient.
Studies have reported an association with preterm
delivery and the UKTPR found hypertension to be
associated with poorer long-term graft survival in
women with SCr above 150 μmol/l [2, 28].

Proteinuria
A pregnant renal transplant patient may have under-
lying chronic allograft nephropathy or recurrent glo-
merular disease associated with proteinuria in early
pregnancy. Discontinuation of angiotensin-convert-
ing enzyme (ACE) inhibitor therapy before or at con-
ception may also lead to a rise in baseline proteinuria.
In general, renal transplant patients experience an
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increase in preexisting proteinuria during pregnancy,
especially in the third trimester [15, 18, 29], which
returns to baseline at three to six months. Forty per-
cent of women with renal transplants developed 2–3 g
proteinuria/day in the third trimester, even in the
absence of superimposed preeclampsia [51].
Bramham’s UK study reported that 13 percent of
women had proteinuria at the start of pregnancy and
30 percent subsequently developed proteinuria,
although none of these women were diagnosed with
preeclampsia [38]. Thompson et al. [29] found an
increase in proteinuria from 0.4 g/day prepregnancy
to 1.37 g/day in the third trimester, which returned to
baseline levels three to six months postpartum.
Similarly, Crowe et al. [18] reported a rise in protei-
nuria from 0.45 g/day to 1.11 g/day at delivery, which
returned to baseline at three months.

Obstetric Outcomes Following
Pregnancy in Renal Transplant
Recipients
While the NTPR and UKTPR have reported live birth
rates of 75–80percent in the renal transplant population,
Gill et al. reported amuch lower rate of 55.4 percent. He
commented that the discrepancy may be due to the
voluntary nature of registry reporting, which may
underestimate early fetal losses [28, 43, 52]. However, a
study using hospital episodes statistics (HES) data,
which captures data submitted on a mandatory basis
following a patient’s discharge from hospital trusts in
England, reported a live birth rate of more than 68
percent in pregnant renal transplant recipients [45].

In Deshpande’s meta-analysis the reported live
birth rate was 73.3 percent, which is similar to that
reported in more recent studies [35, 2]. The miscar-
riage rate was 14 percent, which was lower than that of
the US general population (17.1 percent). Although
chances of successful delivery in renal transplant reci-
pients were high, there was a higher risk of obstetric

complications, including preeclampsia (27 percent),
gestational diabetes (8 percent), delivery by caesarean
section (56.9 percent), preterm birth (45.6 percent) and
lower birth weight (2,420g versus US mean 3,298g)
[44]. These findings are also supported by analysis of
English HES data. As compared to the general popula-
tion, the rate of delivery by caesarean section and
pregnancy complications, including intrauterine
grown restriction, gestational diabetes and postpartum
infections, were increased in the renal transplant
cohort. There was also a possibility that early preg-
nancy losses may be increased in this group [45].

Registry data show that good renal function and
normal or well-controlled blood pressure are the most
important factors for a favorable obstetric outcome. A
review of the obstetric outcomes in 7,110 pregnancies
between 1961 and 2000 concluded that SCr
below 125 μmol/l was an important prognostic factor
(Table 11.3) [3]. In addition, the UKOSS study identi-
fied more than one previous kidney transplant or a
diastolic BP > 90 mmHg in the second and third
trimesters as additional predictive factors for poor
pregnancy outcome [38]. Stoumpos et al., in their
single-center study of 138 pregnancies, reported
lower eGFR and a higher urine PCR at conception
as independent predictors of poor obstetric out-
come (pregnancy loss, stillbirth, neonatal mortal-
ity, birth < 32 weeks and/or fetal congenital
anomalies) [35].

Deshpande reported more favorable pregnancy
outcomes in studies with lower maternal age and a
higher rate of obstetric complications with shorter
intervals between transplantation and pregnancy [44].

Perinatal Mortality
In the 1980s in the United States, perinatal mortality
was 3 percent in the renal transplant population and
1.3 percent in the general population [37]. Ten years
later this had improved and was reported to be 2.8
percent in renal transplant patients and 0.58 percent

Table 11.3 Influence of renal allograft function on pregnancy outcome; reproduced with permission from Davison and Bailey [3]

Serum creatinine Complicated pregnancy Successful outcome Long-term obstetric
problems

≤ 125 µmol/l (1.4 mg/dl) 30 percent 9 percent 7 percent

≥ 125 µmol/l (1.4 mg/dl) 82 percent 75 percent 27 percent

Estimates are based on data from 7,110 pregnancies in 5,370 women (1961–2000) that attained at least 28 weeks of gestation.
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in the general US population [53]. Studies of transplant
pregnancies worldwide have reported live birth rates of
between 43.2 percent and 84 percent (Table 11.4).

Using NTPR data Armenti et al. reported a lower
live birth rate in tacrolimus-treated women compared
with ciclosporine-treated women [54]. However, the
pregnancies reported may have occurred at the time
when tacrolimus therapy was mainly used in women
with highest immunological risk and as rescue ther-
apy following acute rejection.

Preterm Birth
Rates of preterm birth in renal transplant recipients
are high, particularly in women with hypertension

[28]. The incidence of preterm birth is increased by
the high incidence of urinary tract infection in renal
transplant patients [14, 37], the effects of CNIs [2, 13,
47] and the increased incidence of preeclampsia in
these women. The timing of delivery is often influ-
enced by the medical and obstetric team and may be
hastened by the presence of severe hypertension, dete-
riorating graft function or fetal growth restriction.
The incidence of preterm birth ranges from 26 per-
cent to 60 percent in reported studies. The average
gestational age is 35–37 weeks (Table 11.5).

Sibanda et al. reported a 50 percent incidence of
preterm birth in renal transplant patients compared
with 7 percent in the general population. Women

Table 11.4 Studies on fetal outcomes in kidney transplant recipients

Study Miscarriage
(%)

Therapeutic
termination of
pregnancy (%)

Stillbirth (%) Neonatal
death (%)

Live birth (%)

UK Transplant Pregnancy
Registry 1994–2001 [28]

11 6 1.6 2 79 (and one
infant died
before three
months)

Armenti et al. [17] 12–24 1–8 1–3 1–2 76

Rahamimov et al. [27] 20 55

Thompson et al. [29] 6 69

Miniero et al. [24] 29 68

Yongwon et al. [48] 4 18

Gutiérrez et al. [21] 21 23 65.6

Keitel et al. [23] 14 23 3.2 fetal death 61.4

Pour-Reza-Gholi et al. [26] 24 9.5 43.2

Cruz Lemini et al. [19] 15 abortions 84

Galdo et al. [20] 19

Hooi et al. [22] 63

Oliveira et al [25] 17.3 4.5 2.5 1 73.8

NTPR [73] (9 percent loss or termination) 91

Bramham et al. [37] 24.5 13.2 0

Blume et al. [71] 1.9 1.1 60

Gill et al. [52] 3.813 (1966–2005) 2 (1966–2005) 76 (1966–2005)

5 (1996–2005) 0.5 (1996–2005) 83 (1996–2005)

Levidiotis et al. [31] 9 percent 1.5 55.4

Stoumpos et al. [35] 16.7 5.8 1.4 2, 73.9

2.2 ectopic
births

2.2 congenital
anomalies

Sarween et al. [45] 17.5 13.2 ≤3.2 68.8
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with hypertension and SCr above 150 μmol/l were at
particularly high risk of preterm birth [28].
Bramham et al. also found a higher rate of both
premature and very premature (< 32 weeks) delivery
compared to a comparison cohort (52 percent versus
8 percent and 9 percent versus 2 percent, respec-
tively) [38]. Piccoli et al. reported preterm and
early preterm delivery was linked to a higher pre-
pregnancy CKD stage (2–5 versus 1) and the pre-
sence of hypertension, but not with transplant versus
non-transplant CKD patient [41].

Fetal Growth
Infants of transplant recipients frequently have lower
birth weight. Recent studies have reported the inci-
dence of low birth weight babies to be 19–54 percent

(average 42 percent) and very low birth weight babies
(less than 1,500 g) to be 11–17.8 percent [29, 47, 55].

In addition to the effects of preterm birth, several
authors have reported an association between ciclos-
porine use and low birth weight infants. The NTPR
reported significantly lower birth weights in infants of
ciclosporine-treated mothers compared with women
receiving alternative immunosuppressive regimens
(2,250 g versus 2,505 g) [11, 42, 47]. Some studies
have reported an association between low birth weight
and hypertension and impaired renal function (SCr
above 130 μmol/l) [28].

Delivery
Caesarean section should only be performed for
obstetric indications such as preterm births,

Table 11.5 Studies on obstetric outcomes for kidney transplant recipients

Study Preterm birth before 37
weeks (mean gestation)

Low birth weight less than
2,500 g (mean weight)

Lower segment
caesarean section

Sibanda et al. [28] 50 percent (35.6 weeks) 54 percent (2,316 g) 64 percent

Armenti et al. [17] 52–54 percent (35–36
weeks)

46–50 percent (2,378–2,493 g) 46–55 percent

Rahamimov et al. [27] 60 percent 52 percent

Thompson et al. [29] 56 percent (34.9 weeks) 41 percent, associated
creatinine > 133 µmol/l

59 percent

Miniero et al. [24] 42 percent (36.1 weeks) 91 percent

Yongwon et al. [48] 25.5 percent (36.9 weeks) 40 percent (2,260 g) 34 percent

Gutiérrez et al. [21] 29 percent 33 percent 46 percent

Keitel et al. [23] 36.4 percent (2,195 g)

Cruz Lemini et al. [19] 37 weeks 19 percent

Galdo et al. [20] 56 percent (30 weeks) (2,463 g) 55 percent

Hooi et al. [22] 35 percent 37 percent

Oliveira et al. [25] 38.4 percent 30 percent 61.5 percent

Bramham et al. [37] 52 percent (36 weeks) 48 percent 64 percent

NTPR [73] 52 percent

Gill et al. [52] 32.7 percent 50.6 percent

Blume et al. [71] 50 percent Median: 2,290g mean: 2,194 g 75 percent

Piccoli et al. [41] 46.2 percent (CKD-EPI
stage 1), 60.8 percent
(stage 2), 68.3 percent
(stage 3)

SGA <10th centile 16.0
percent (stage 1; 810g), 16
percent (stage 2,610g), 25
percent (stage 3–5,672g)

73.1 percent (stage 1),
76.5 percent (stage 2), 86
percent (stage 3–5)

Stoumpos et al. [35] 61 percent 45.1 percent 78.4 percent

Yi-ping et al. [36] 53.3 percent 40 percent <10th centile
(2,208.8)

60 percent
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preeclampsia and deteriorating renal function. The
incidence of caesarean section has varied in the lit-
erature from 34 percent in South Korea [48] to 91
percent in an Italian study [24] (Table 11.5). Sibanda
et al. reported that 83 percent of preterm infants
were born by caesarean section compared with only
5 percent by spontaneous delivery [28]. In
Bramham’s study 64 percent of the cohort had cae-
sarean sections, with the most common indication
before onset of labor being concern about fetal well-
being (23 percent), previous caesarean section (19
percent) and deteriorating renal function (16 per-
cent) [38]. Surgical aspects relating to delivery are
discussed in what follows.

An Italian multicenter study reported increased
rates of delivery by caesarean section in all groups of
renal transplant recipients regardless of CKD stage;
73.1 percent (stage 1), 76.5 percent (stage 2) and 86
percent (stage 3–5) [41]. An increase in caesarean
section rates when compared to the non-transplant
cohort was only observed in the stage 1 group and not
in more advanced stages of CKD.

Simultaneous Pancreas-Kidney
Transplant Recipients
Successful pregnancies following simultaneous pan-
creas-kidney transplants have been reported. The
NTPR reported higher rates of preeclampsia, preterm
delivery, low birth weight, infection, acute rejection
and graft loss in later years compared to kidney trans-
plant recipients [17]. Pregnancies in these women
should be managed as high risk, delivery planned in
transplant centers with early involvement of the trans-
plant surgical team.

The Effect of Live Kidney Donation on
Subsequent Pregnancies
Garg et al. recently published the results of a retro-
spective Canadian cohort study looking at pregnancy
outcomes of 85 living kidney donors matched with
510 healthy non-donors from the general population
[56]. Gestational hypertension or preeclampsia was
more common among the donors compared to the
control group (11 percent versus 5 percent).
Importantly, there was no difference in other adverse
maternal/fetal outcome between the two groups.
Other previous studies have reported similar findings
and thus women of childbearing age wishing to act as
live donors should be counseled appropriately and

managed as “high risk” for developing hypertensive
disorders in any future pregnancies.

Outcomes in Children of Renal
Transplant Patients
Children of transplant recipients are frequently born
preterm, suffer fetal growth restriction and are of low
birth weight (Table 11.6) [53, 57–59]. This leads to an
increased risk of developmental and neurodevelop-
mental problems in later life. It is important that
women understand the implications and risks facing
a small and/or preterm baby and this should be
addressed when advice is given before pregnancy or
in early pregnancy.

Children of transplant patients are exposed to
immunosuppressive and other medications in preg-
nancy, which may affect their long-term outcomes.
Concerns regarding late effects of exposure to CNIs in
utero were originally raised by Tendron-Franzin et al.
[60] following experiments in an animal model.

Immunological Risks
The long-term effects of in utero exposure to immu-
nosuppressive agents are unknown. Some authors
have hypothesized that immunological abnormalities
may be induced in the fetus [2, 37]. In animal studies,
administration of CNIs during pregnancy resulted in
abnormal T cell development and had a profound
effect on the fetal immune system. Data in humans
are limited, but one study showed children of immu-
nosuppressed women had low B cell numbers and
another reduced T and B cells at birth, which normal-
ized in a few months [61, 62]. One case report of a
child with multiple autoimmune problems [63] raised
concerns regarding the induction of autoimmune dis-
ease in later life, but subsequent reports have shown
no increased incidence above the general population
[2]. The response of neonates to routine childhood
vaccinations may alter following exposure to ciclos-
porine in utero and may be better delayed until after
six months of age [61].

Effects on Fetal Renal Development
Cochat et al. reported that children exposed to immu-
nosuppressants in utero may be at theoretical risk of
renal impairment due to fetal growth restriction
(associated with reduced nephron number and oligo-
meganephronia) and fetal nephrotoxicity [64].
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Preliminary data in children do not support the
hypothesis, however [2].

Pediatric Neurodevelopment
A small number of studies have reported outcomes in
the offspring of renal transplant recipients (Table
11.6) [43, 53, 57–60, 66]. A study of 20 children (age
3–13 years) exposed to ciclosporine and azathioprine
in pregnancy identified no differences in global, verbal

or performance IQ or in language skills compared
with controls [57].

McKay and Josephson highlighted the outcome of
several studies that reported that small numbers of
children suffered from sensorineural deafness and
behavioral disorders [2]. Nulman et al. reported on
the neurodevelopment of 39 children who were
exposed to ciclosporine during gestation compared to
matched unexposed children [57]. There was no asso-
ciation between in utero exposure to ciclosporine and

Table 11.6 Neurodevelopment of children exposed to immunosuppressive agents in utero

Study Number of children Immunosuppressive
drugs

Follow-up Outcome

Willis et al. [58] 48 (56 percent
preterm)

5.2 years

Stanley et al. [59] 175 (4 months to 12
years; 71 at school)

Ciclosporine 4 months
to 12 years

Mean gestation 34 weeks: 16
percent developmental
delays (mean gestation < 33
weeks: 48 percent
developmental delays,
especially language)

14 percent needed
educational support versus
11 percent US public schools

1.7 percent major disabilities

Sgro et al. [53] 44 3 months
to 11 years

Three developmental or
learning disabilities

Coscia et al. [43] 249 Ciclosporine Mean
follow-up
9.2 years

5.2 percent attention deficit
hyperactivity disorder (6–7
percent general population)

4 percent neurocognitive
defects

4 percent structural
malformations

Nulman et al. [57] 39
(15 singleton, 24
multiple pregnancy)

Ciclosporine
(18 concomitant
azathioprine)

8 years No difference in
neurocognitive or behavioral
measures (IQ, visuomotor
skills, behavioral measures)
associated with exposure to
ciclosporine or azathioprine
Prematurity (13/39 children
born before 37 weeks)
associated with poorer
neurocognitive and
behavioral outcomes.
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long-term neurocognitive or behavioral development
in children of renal transplant mothers. However, the
higher rate of prematurity in children of renal trans-
plant mothers was associated with poorer neurodeve-
lopmental outcomes. As the number of babies born to
transplant recipients grows, it is important to collect
further prospective data on the outcome of children in
the longer term.

Fertility Issues in Renal Transplant
Patients
Fertility rapidly improves in patients with advanced
CKD following successful renal transplantation. There
are limited data on how fertility rates in transplant
recipients compare with the general population, how-
ever. Medicare claim reports from 1990 to 2003 esti-
mated a pregnancy rate of 3.3 percent in women of
childbearing age in the first three years following renal
transplantation compared with > 10 percent in the gen-
eral population [52]. In a study of 63 female renal
transplants, 68.1 percent had a regular menstrual cycle,
and this was more likely in women who had been
transplanted for longer. Ovulation was present in 59.5
percent of these women, compared to 70 percent in a
control group, all of whom had regular cycles (p > 0.05)
[66]. Increased levels of estrogen and similar serumFSH,
LH and prolactin concentrations were observed in the
transplant group. The authors concluded that although
menstrual function greatly improved following a renal
transplant, it was not fully restored to normal.

Contraception
There is a high reported rate of therapeutic termination
of pregnancy within the renal transplant population (1–
23 percent) in published studies (Table 11.4). It is there-
fore very important that women are given appropriate
contraceptive advice prior to or immediately following
transplantation [2, 7]. Approximately 50 percent of
pregnancies in transplant patients are unplanned and
93.8 percent of these women were not using any specific
contraception [6, 7, 23]. Both reversible and irreversible
methods of contraception can be considered, but the
approach has to be tailored to the needs of the individual
woman or couple. Comprehensive details of options are
discussed in Chapter 3.

Assisted Reproduction
The use of assisted reproductive technology has
increased and such treatments may be sought by

renal transplant patients who have difficulty conceiv-
ing naturally. The rate of infertility is similar to that in
the general population (10.4 percent) [7].

Techniques include ovulation induction, in vitro
fertilization and embryo transfer. There are case
reports of successful treatment of male infertility
using intracytoplasmic sperm injection for male
renal transplant recipients with infertility [66] and
successful in vitro fertilization in female transplant
recipients [67–69]. Ethical issues regarding fertility
treatment in women with organ transplants are dis-
cussed in previous reviews [70] and Chapter 4.

Preparation of Renal Transplant
Patients for Pregnancy
Prepregnancy, antenatal and postpartum care of the
renal transplant patient is a complex situation requiring
multidisciplinary team care. The renal transplant patient
may also have other comorbid conditions that need
consideration and management both prepregnancy and
during pregnancy. A simple checklist for the care of the
renal transplant patients in the clinic is given in Box 11.3.

In 2014 the UK NHS-BT recommended that all
rhesus-negative women of childbearing age receiving
a kidney transplant from a rhesus-positive donor are
administered Anti-RhD immunoglobulin in order to
prevent sensitization.

Anatomical Considerations of Kidney
Transplantation and Pregnancy
Most kidneys are placed in the extra-peritoneal plane
in the iliac fossa. Depending on the side of donor
kidney used, the renal pelvis of the transplanted kid-
ney can be anterior or posterior. The renal artery is
generally anastomosed on to the external iliac artery,
though it may be placed onto the common iliac artery.
Around 10 percent of transplanted kidneys have
accessory arteries, so multiple vessels may be present.
Sometimes, the internal iliac artery can be used to
supply one of the accessory vessels. If the kidney is
from a living donor, the vessels are very short. With
deceased donor kidneys the vessels can be relatively
long, with the kidney transplant lying some way from
the iliac vessels. The ureter of the transplant kidney is
then directly joined to the bladder laterally or ante-
riorly. Transplanted tissue is very immunogenic and
often causes an inflammatory response in the recipi-
ent. The ureter can therefore be adherent to the ante-
rior abdominal wall. For example, when performing a
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BOX 11.3 Checklist for the care of pregnant renal transplant patients

1. Prepregnancy or early pregnancy (if no opportunity prepregnancy)

• Rubella vaccination pre-transplant and confirm antibody status
• Stop smoking
• Folic acid
• Discuss medicines in pregnancy:

– Medicines that are contraindicated in pregnancy, e.g. statins, ACE inhibitors, angiotensin II receptor
blockers (ARBs), mycophenolate mofetil. Plan when to stop and how to convert to a safer alternative if
required

– Medications that need to be modified in pregnancy including antihypertensives. Discuss safety of drugs
and convert to methyldopa, labetalol or calcium channel blocker

– Consider other medication carefully. Stop bisphosphonates
• Advise about monitoring of calcineurin inhibitor (CNI) levels
• Advise about prevention of urinary tract infections. Planmonthly midstream urine (MSU) sample and consider

prophylaxis
• Advise about other conditions: diabetes, systemic lupus erythematosus (SLE), implications in pregnancy,

including testing for anti-Ro, anti-La, check anticardiolipin antibodies and lupus anticoagulant
• Consider aspirin prophylaxis
• In patients with proteinuria discuss thromboembolic risk associated with increasing proteinuria and need for

prophylaxis
• Advise about genetic issues: polycystic kidney disease or chronic pyelonephritis. Baby will need an ultrasound

scan (record in maternal notes)
• Discuss Down syndrome testing

2. Antenatal

• Monitor blood pressure
• Monitor CNI levels
• Monthly MSU
• Monitor proteinuria
• Monitor renal function

3. Later pregnancy

• Fetal growth monitoring
• Continue monitoring blood pressure, blood count, biochemistry, protein excretion, urate, platelets
• CNI levels
• MSU
• At 26–28 weeks, consider glucose tolerance test for women treated with tacrolimus

4. Postpartum

• Careful monitoring of fluid balance
• Monitoring of CNI levels to avoid nephrotoxicity
• Advise about breastfeeding and medications – balance between maternal and child factors
• Restore ACE inhibitor or ARB medication when breastfeeding permits
• Consider childhood vaccinations
• Arrange ultrasound scan for children of parents with vesicoureteric reflux
• Organize ongoing nephrology follow-up appointments
• Continue low-molecular-weight heparin in heavily proteinuric subjects for up to six weeks
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caesarean section, the transplant ureter is at risk of
damage.

If a patient is transplanted as a small child, the
kidney can be placed directly onto the aorta and
inferior vena cava. The ureter is often midline and
should be placed on the posterior bladder wall,
though sometimes if the bladder is small it is placed
anteriorly. Great care must be taken to preserve the
ureter if the patient goes on to have a caesarean sec-
tion and liaison with transplant surgical colleagues is
recommended.

One of the complications of kidney transplanta-
tion is the formation of a lymphocele. During a trans-
plant many lymphatic vessels are divided – both
around the donor renal artery and along the iliac
vessels. This can result in a chronic collection of
fluid called a lymphocele. If this compromises kidney
function, it is surgically treated. However, in many
patients it can be asymptomatic, resulting in a chronic
collection of fluid near the kidney. Eventually this is
reabsorbed, but it is important to be aware of a pre-
existing lymphocele if surgery is planned in
pregnancy.

Transplant Hydronephrosis in
Pregnancy
Mild hydronephrosis, up to 1.6cm, is relatively common
in the denervated transplant kidney, and if the creati-
nine is at baseline warrants no further treatment or
investigation. If there is hydronephrosis, there is an
increased risk of upper tract infection due to reflux.
The transplant ureter is likely to lie directly on the uterus
and is therefore at risk of compression. Serum creatinine
levels should be measured and if there is a significant
increase, then an ultrasound scanmust be performed. If
the ultrasound scan is normal, then other possible
causes of renal dysfunction need to be investigated.

If hydronephrosis is present, the pregnancy is the
likely cause, but differential diagnoses need to be
considered such as a renal calculus, fibrosis, post-
transplant lymphoproliferative disorder, rejection
and viral infection. Drainage of the hydronephrosis
can be achieved with insertion of a percutaneous
nephrostomy tube. Insertion of a retrograde ureteric
stent might be considered in early pregnancy, but is
more challenging in more established stages. These
interventions are likely to be needed for the rest of the
pregnancy, so should be considered only when simple
measures fail.

Pregnancy and Pancreas
Transplantation
There are three categories of pancreas transplanta-
tion. The most common is a simultaneous pancreas
and kidney (SPK) transplant for patients with type 1
or 2 diabetes and kidney failure. The second category
is a pancreas after kidney (PAK) transplant for
patients with diabetes who already have a functioning
kidney transplant. The third category is a pancreas
transplant alone (PTA) reserved for diabetics with
good kidney function, but who have the life-threaten-
ing condition of hypoglycemia unawareness. The pan-
creas is placed on the right side of the abdomen.
Commonly, the pancreas is anastomosed to the right
common iliac artery and directly to the inferior vena
cava. Most surgeons will place the head of the pan-
creas and duodenum upward, and the tail of the
pancreas down in the pelvis. As well as producing
insulin, the pancreas also produces digestive enzymes.
These are drained by joining the attached transplant
duodenum to the recipient’s small bowel. To monitor
pancreas function throughout pregnancy, a baseline
serum amylase and HbA1c should be measured. The
serum amylase should be monitored regularly. As the
pancreas lies in the pelvis, there is the theoretical
possibility that a growing uterus can compress the
pancreas and cause an acute pancreatitis. If this is
diagnosed, then the patient must be transferred to a
transplant center. Transplant pancreatitis is a poten-
tially serious condition that needs to be managed by
an expert multidisciplinary team.

Planning Delivery in a Pregnant
Transplant Patient
Careful planning of the mode of delivery is essential
for the well-being of the mother and child. In most
cases, vaginal delivery is thought to be the preferred
option [4]. Damage to the transplant is rare at vaginal
delivery and more likely during caesarean section.
The main risk to the transplant during delivery is
surgical damage to the kidney parenchyma or to the
transplant ureter at the time of caesarean section.
Damage to the kidney or ureter at the time of caesar-
ean section is likely to be underreported. Following a
number of case reports [72], it is estimated that the
risk of transplant damage at the time of caesarean
section is in the order of 1 percent. Women should
be offered assessment at around 30 weeks’ gestation
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by an obstetrician and a transplant surgeon. A deci-
sion should be made for a vaginal delivery or a
planned caesarean section. A decision has also to be
made whether the planned labor is in a local non-
transplant center, or whether, from 36 weeks’ gesta-
tion, the patient should be transferred to a center with
transplant surgeons present to assist the obstetricians
if necessary. A detailed plan for a caesarean section
must be made for all pregnant women with a trans-
plant. If there is any concern about the proximity of
the transplant kidney or ureter, then the incision
through the abdominal wall should be vertical and
midline. If the transplant patient has had multiple
previous transplants or is a recipient of a kidney and
pancreas, then it is reasonable for a transplant sur-
geon to be present at the time of a caesarean section.
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Chapter

12
Comorbid Conditions Affecting Pregnancy
in Renal Transplant Patients
Sue Carr, Nadia Sarween and Joyce Popoola

Many renal transplant patients have coexisting comor-
bid conditions that could influence the outcome of
a pregnancy. It is essential that each comorbid condi-
tion is recognized and a management plan made for
these factors at every stage of pregnancy – from the
time of preconception counseling to postpartum care.
An overall integrated management plan for the preg-
nancy can then be developed and followed by the
patient and the multidisciplinary team. Some of the
more common comorbid conditions found in renal
transplant patients are considered in what follows.

Hypertension
A high proportion of renal transplant recipients are
hypertensive before pregnancy (47–73 percent) [1].
A further 25 percent will become hypertensive during
pregnancy and indeed, in the later stages of preg-
nancy, superimposed preeclampsia develops in
15–37 percent [2] (see Chapter 9).

Infections in Pregnancy

Urinary Tract Infections
Normal pregnancy-related changes in the urinary
tract (diminished bladder tone and physiological dila-
tation of ureter and renal pelvis) predispose all
women to urinary tract infection (UTI) in pregnancy.
The overall incidence of UTI is approximately 8 per-
cent [3].

The risk of UTI in pregnancy is increased further
in renal transplant patients owing to a number of
factors:

• surgical factors, such as transplant surgery or re-
implantation of ureters

• preexisting urological abnormalities, such as
bladder problems, calculi or reflux to native or
transplant kidney

• underlying renal disease, such as reflux
nephropathy

• immunosuppression
• comorbid diseases, such as diabetes.

The common pathogens include Escherichia coli,
Enterobacter, Klebsiella, Pseudomonas and Proteus [3].

UTI in pregnancy, including asymptomatic bac-
teriuria, has been associated with an increased risk of
adverse pregnancy outcomes, including preterm
birth, low birth weight and perinatal mortality in
most but not all studies [3–6].

In a transplant patient, it is important to ensure
that immunosuppression is optimized and that dia-
betes, when present, is well controlled to reduce risk
of infection.

Asymptomatic Bacteriuria
As part of routine antenatal care, all women are
screened for the presence of asymptomatic bacteriuria
(ASB). In normal pregnancy, ASB affects 2–10 percent
of women and 30 percent will develop a symptomatic
UTI if left untreated [6]. Antibiotic treatment should
be prescribed, which will reduce the risk of sympto-
matic infections by up to 70 percent. Furthermore,
effective treatment of ASB during pregnancy has been
shown to reduce the incidence of preterm delivery and
low birth weight [4, 5]. Commonly used antibiotics in
renal transplant patients during pregnancy include
cephalexin, amoxicillin and trimethoprim (avoid in
early pregnancy) (see Chapter 7). A Cochrane review
recommends that treatment courses are guided by
urine cultures and sensitivities and continued for at
least seven days [6].

It is important to perform a follow-up urine cul-
ture. The European Best Practice Guidelines (EBPG)
recommendation is that all renal transplant patients
should have a monthly midstream urine sample sent
to screen for ASB and additional samples sent if
symptoms develop [7].

EBPG recommends two weeks of antibiotic treat-
ment for ASB and prophylactic antibiotics for the
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remainder of the pregnancy following treatment of
ASB.

Symptomatic Urinary Tract Infection
In renal transplant patients, the reported incidence of
UTI varies from 19 percent to 42 percent in recent
studies [8–11]. Thompson et al. reported UTI in
26 percent [8] of renal transplant pregnancies, Galdo
et al. 13.5 percent [9], Oliveira et al. 42.3 percent [10]
and Hooi et al. 13 percent [11].

In general, a pregnant renal transplant recipient
with UTI should receive 7–10 days of antibiotic ther-
apy [3], depending on local antibiotic policies.
A systematic review from the Cochrane database con-
cluded that there were insufficient data to recommend
a superior or specific drug regimen for treatment of
symptomatic UTI during pregnancy [12]. Pregnant
renal transplant patients with a UTI in pregnancy
should be considered for prophylactic antibiotic ther-
apy for the remainder of the pregnancy with low-dose
cephalexin, amoxicillin or trimethoprim (depending
on stage of pregnancy and sensitivities) at night.
Women receiving antibiotic prophylaxis for UTI pre-
pregnancy should continue on an appropriate anti-
biotic through the pregnancy.

Pyelonephritis
The incidence of acute pyelonephritis in normal preg-
nancy is 1–2 percent and up to 40 percent in women
with untreated bacteriuria in pregnancy.
In a transplant patient, acute pyelonephritis can
develop in either the native or transplanted kidney
and, in view of the immunosuppressed state, the
symptoms and signs may be masked or altered. It is
important to be alert to this possible diagnosis and to
reduce the risk by monthly urinary screening and
prompt treatment of urinary tract sepsis during preg-
nancy. Intravenous antibiotic therapy should be
started promptly while awaiting specific urine culture
and sensitivity results that will further guide manage-
ment. It is recommended that antimicrobial treatment
is continued for a minimum of 10 days and up to 21
days to reduce the risk of recurrence of infection [7].

Other Bacterial Infections

Listeria Monocytogenes
Pregnant women are at risk of developing Listeria, but
this risk is increased by the use of immunosuppression.

The conditionmay present with flu-like symptoms and
gastroenteritis, but though rare, it may cause congeni-
tal infection and lead to preterm delivery, stillbirths,
miscarriages, neonatal sepsis/meningitis and congeni-
tal anomalies. In pregnancy women are advised to
avoid potentially contaminated foods [13].

Group B Streptococcus (GBS)
Streptococcus agalactiae is part of the normal vaginal
flora in up to 30 percent of pregnant women
The updated CDC guidelines recommend universal
prenatal screening for vaginal and rectal GBS coloni-
zation of all pregnant women at 35–37 weeks’ gesta-
tion such that if positive penicillin can be given
intrapartum [14].

Whooping Cough (Bordetella Pertussis)
Reduced uptake of the vaccine has led to an increased
incidence in the condition, particularly among
infants. Vaccination is recommended in women
between 28–38 weeks of pregnancy. There is no con-
traindication to whooping cough vaccination in the
renal transplant patient.

Viral Infections

Cytomegalovirus
Following renal transplantation, patients are poten-
tially at risk of cytomegalovirus (CMV) infection or
reactivation. At the time of transplantation, all trans-
plant recipients and donor kidneys are tested for
evidence of previous CMV infection. The presence
of detectable immunoglobulin G (IgG) anti-CMV
antibodies in the plasma indicates a previous CMV
infection and is present in more than two-thirds of
donors and recipients prior to transplantation.
A CMV-negative transplant recipient can be at risk
of CMV infection from a CMV-positive transplant
kidney and CMV-positive transplant recipients can
be subject to reactivation of CMV virus or re-
infection, usually related to high levels of immuno-
suppression. The risk of CMV infection is highest in
the first year following renal transplantation. CMV-
negative recipients of CMV-positive kidneys and
CMV-positive recipients of CMV-positive kidneys
who have been significantly immunosuppressed
will receive prophylaxis against CMV infection
using ganciclovir or valganciclovir [15]. Based upon
the IMPACT study some centers have adopted
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prolonged valganciclovir prophylaxis (200 days) [16]
and late-onset CMV infection may become more
common.

If pregnancy occurs during the first 12 months
following transplant, when the risk of acute rejection
and immunosuppression levels are still quite high,
CMV infection may occur. However, continuation
of valganciclovir is not recommended due to reports
of fetotoxicity and teratogenicity in animal studies,
although no human cases are reported. In general,
when patients delay pregnancy by 12–24 months,
post-transplant CMV is unlikely to be a problem as
the risk of acute rejection and the immunosuppressive
drug levels are generally lower.

In the fetus, approximately 90 percent of congeni-
tal infections are asymptomatic and affected children
can present in later life with impaired psychomotor
development and hearing, neurological, eye or dental
abnormalities. In symptomatic congenital CMV,
infants can develop splenomegaly, jaundice and
a petechial rash. In the more severe form of the dis-
ease, cytomegalovirus inclusion disease, there can be
multi-organ involvement with microcephaly, motor
disability, chorioretinitis, cerebral calcifications,
lethargy, respiratory distress and seizures.

When CMV infection is suspected, samples
should be sent urgently from mother’s serum and
where appropriate the amniotic fluid for detection
and quantification of CMV DNA using quantitative
polymerase chain reaction (PCR). If infection is con-
firmed, treatment should be considered with appro-
priate counseling.

Rubella
Womenwith chronic kidney disease whomay become
pregnant should be vaccinated against rubella infec-
tion before renal transplant. The vaccine is a live
vaccine and cannot be administered to an immuno-
suppressed patient.

Varicella Zoster
Women of childbearing age should be considered for
vaccination against this virus to prevent chicken pox
known to be particularly life threatening in adults and
those on immunosuppression. Shingles occurs as
a result of reactivation of the virus usually in the
elderly or immunosuppressed. The vaccination, how-
ever, needs to be given prior to transplantation as it is
a live attenuated virus.

Hepatitis C
The prevalence of hepatitis C virus (HCV) infection
has increased in dialysis patients and hence there are
an increasing number of HCV-positive patients who
receive a renal transplant.

In pregnancy, vertical transmission of the HCV
virus occurs in 5–10 percent of pregnancies of HCV
RNA-positive mothers and is related to the viral load.
The incidence of vertical transmission is also
increased in the presence of human immunodefi-
ciency virus. Pregnancy should be planned at a time
of minimal viral load to reduce the risk of vertical
transmission to the fetus. In non-transplant HCV-
positive pregnancies, the outcome is usually good.
And there appears to be no evidence of increased
fetal malformation.

It is important that HCV infection is diagnosed
early in infants of mothers who are HCV-positive
using HCV DNA PCR as HCV antibodies are pas-
sively transferred from the mother. There is no evi-
dence of transmission of HCV by breastfeeding.
There have been few reports of pregnancy in HCV-
positive renal transplant patients. Ventura et al. [17]
reported three cases of pregnancy in HCV-positive
renal transplant patients without chronic liver dis-
ease. In these three cases there was no evidence of
progression of liver disease during follow-up two
years postpartum.

Many patients with hepatitis C are treated with
ribavirin, which is contraindicated in pregnancy
because of teratogenicity in animal studies. There
are several new agents emerging, including direct-
acting antivirals that combine NS5A (Nonstructural
protein 5A) inhibition and a nucleotide analog poly-
merase inhibitor, which are also contraindicated dur-
ing pregnancy.

It is advised that effective contraception be used
during oral administration and for six months after
treatment in women and in men [18]. Interferon is
generally avoided in renal transplant patients.

Hepatitis B
The presence of hepatitis B virus (HBV) infection is
increasing in the dialysis population and increasingly
HBV-positive patients without evidence of liver dis-
ease on a FibroScan/liver biopsy are considered for
renal transplantation. Some patients may acquire
HBV following renal transplantation. Patients who
are HBV DNA-positive require antiviral therapy
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following transplantation, which may need to be con-
tinued long term.

Renal transplant patients with HBV infection have
reduced survival and are at increased risk of graft loss.
Outcomes are improving with improvements in anti-
viral therapies. Lamivudine should be avoided in the
first trimester of pregnancy, likewise tenofovir and
entecavir. Tenofovir is used later in pregnancy to
reduce viral load in those with high viral titers.
In general, pregnancy is uneventful in women who
are hepatitis B carriers and exacerbation of disease
during pregnancy is uncommon. The most significant
risk is of vertical transmission to the infant during
delivery, which can occur in up to 80 percent of cases.
The administration of HBV immunoglobulin and
vaccination is effective in reducing infection in the
infant. Infants born to HBSAg-positive mothers
should be given hepatitis B Immunoglobulin within
12 hours of birth and HBV vaccine at another site
within 48 hours followed by a booster injection at one
and six months. It is important that close liaison takes
place between hepatologists, renal physicians, virolo-
gists and obstetricians when managing pregnancy in
a renal transplant patient with hepatitis B or
C positivity.

Herpes Simplex
Persistent viral infections can occur in renal trans-
plant patients, including herpes simplex infection.
Infection within the first 20 weeks of gestation can
be associated with an increased risk of miscarriage.
Themajority of infections occur in the second (30 per-
cent) and third (40 percent) trimesters, but provided
there is seroconversion prior to delivery there is no
increased incidence of neonatal mortality [19].
A child can be infected with herpes simplex virus
(HSV) as a result of spread due to contact at the
time of birth. The risk of transmission and subsequent
neonatal herpes can be reduced by caesarean delivery
in women with positive HSV cervical cultures.
Aciclovir is safe in pregnancy. Clinically insignificant
amounts of aciclovir are secreted into breast milk.

Human Immunodeficiency Virus
Historically, patients with HIV were considered
unsuitable candidates for transplantation; however,
there is declining morbidity among patients with
HIV infection. Additionally, there is now several
years’ experience of transplanting this group that

includes multicenter cohort studies mainly from the
United States [20].Where recipients are appropriately
selected, outcomes for patients and grafts are similar
to transplantation in the older population > 65 years.
Clearly as more experience is gained in this area,
female recipients may well consider conception simi-
lar to the general population with HIV. Care in preg-
nancy requires a multidisciplinary team that would
include HIV specialists, transplant specialists, obste-
tricians, immunologists, pharmacists, psychologists,
social workers and specialist nurses. Awareness of
drug interactions (antiretrovirals and immunosup-
pressants), potential for increased risk of rejection,
increased monitoring, reduced graft survival and
implications around conception is important.

Toxoplasmosis
Congenital toxoplasmosis has been reported follow-
ing reactivation in an immunosuppressed mother.
The majority of infants with congenital toxoplasmosis
(70–90 percent) are asymptomatic at birth but have
a high risk of developing subsequent abnormalities,
especially chorioretinitis with potential visual impair-
ment, if adequate treatment is not given. Symptomatic
infants may present the classic triad of chorioretinitis,
hydrocephalus and intracranial calcification,
although other manifestations may include fever,
rash, hepatosplenomegaly, microcephaly, seizures,
jaundice, thrombocytopenia and sometimes lympha-
denopathy. In addition, neurodevelopmental delay,
deafness, seizures and spasticity can be seen in
a minority of untreated children.

This condition can be diagnosed pre- or postna-
tally using serology or PCR testing. Treatment is gen-
erally reported to improve prognosis in affected
infants and is usually spiramycin (a macrolide anti-
biotic), pyrimethamine or sulfadiazine (unlicensed)
[21]. These agents may interact with immunosuppres-
sive drugs and some are renally excreted: specific
advice should be sought from a pharmacist and infec-
tious disease specialist. There is also a risk of devel-
oping urolithiasis and subsequent acute kidney injury
with agents such as sulfadiazines.

Hematological Abnormalities

Anemia
In normal pregnancy the red cell mass increases under
the control of erythropoietin (EPO) but, because the
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relative increase in plasma volume is greater, hemo-
dilution occurs and there is a decrease in hemoglobin
concentration. As a result of this a renal transplant
patient may become anemic as well as iron deficient or
may have anemia related to chronic renal impair-
ment. Women with impaired transplant function
may be receiving treatment with EPO before preg-
nancy or require this treatment during pregnancy if
renal transplant function has deteriorated. It is impor-
tant to exclude other causes of anemia, including
vitamin deficiencies, bleeding and hemolysis in an
anemic renal transplant patient. The frequency of
anemia in renal transplant patients is quoted as
65–85 percent [22].

Anemia if untreated can cause both fetal and
maternal morbidity. In the fetus, anemia can lead
to an increased risk of infections and is associated
with growth restriction and preterm birth [23, 24].
In the mother, cardiovascular symptoms may
develop, including breathlessness and delayed
wound healing and infection. Parenteral iron may
be required in women with renal transplants who are
unable to tolerate oral iron supplements or who are
receiving EPO therapy. A published Cochrane
review [25] concluded that intravenous iron
enhanced hematological response compared with
oral iron and there are now further trials to support
this [23] (see Chapter 7). In general, for a pregnant
transplant patient similar to the general population,
the aim is to maintain the hemoglobin level at
around 110 g/L in the first trimester and 105g/L in
the second and third trimesters. If hemoglobin falls
below this level, the following investigations should
be considered starting with the sample and in dis-
cussion with a hematologist in relation to the more
complex tests:

• Full blood count and red cell indices
• Blood film
• Serum ferritin, Vitamin B12, Folate
• Serum iron (Fe) and total iron binding capacity

(TIBC)
• C-reactive protein (to exclude inflammation)
• Hemolysis screen
• Zinc protoporphyrin level, transferrin saturation

ratio
• Soluble transferrin receptor (sTIR)
• Parvovirus infection test
• Trial of iron therapy
• Bone marrow iron

Anemia in pregnancy may be exacerbated by
anemia of chronic kidney disease (CKD) owing to
transplant dysfunction (the aforementioned addi-
tional factors excluded). Magee et al. [29] found
that serum EPO levels were inappropriately low
and rate of erythropoiesis low in transplant patients
in a study comparing 30 transplant patients with 30
normal pregnant controls. Hou [30] suggested EPO
should be started if hematocrit falls below 30 percent
and the dose titrated to maintain hemoglobin at
100–120 g/L.

There are several reports of the safe use of EPO in
renal transplant pregnancies [30–32]. Goshorn and
Yuell [31] reported successful use of darbepoetin-
alpha in a woman with impaired renal function
(serum creatinine 203 μmol/l) and hemoglobin 75 g/
L at 28 weeks of gestation. EPO does not appear to
cross the placenta and has not been reported to be
teratogenic, but it has been associated with increases
in blood pressure, which needs careful monitoring
[32]. Experimental studies have shown direct vaso-
constriction following administration of recombinant
human EPO (rHuEPO) on placental blood vessel
rings [33]. EPO does not appear to cross the placenta
because of its large molecular size. EPO is found in
both breast milk and colostrum and appears to have
a beneficial effect on the development of the infant’s
gastrointestinal system. It also interacts with other
growth factors to optimize development and increase
the rate of certain cell migration [34].

EPO is not known to have a direct effect on ferti-
lity; however, it increases energy levels and sexual
function and regulates menstrual cycles. This is pos-
sibly by normalizing prolactin levels, thereby increas-
ing the chance of pregnancy [35].

EPO can be used safely in pregnancy, and in cer-
tain instances replacement of hematinics such as iron
are inadequate and correction of anemia can only be
brought about by replacement of EPO or a blood
transfusion [36].

Blood transfusions should be avoided in pregnan-
cies and in transplant recipients and only used where
essential such as acute significant blood loss asso-
ciated with postpartum hemorrhage, placenta previa
or abruptio placenta.

Post-transplant Erythrocytosis
Post-transplant erythrocytosis (PTE) or polycythemia
is defined as a hematocrit of more than 51 percent and
occurs in up to 20 percent of transplant patients,
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usually within the first two years of transplantation.
The etiology of PTE remains uncertain, but it may be
due to an over-secretion of EPO by native kidneys, the
transplanted kidney or the liver. Erythrocytosis, if
untreated, is associated with increased incidence of
vascular and thromboembolic disorders. This condi-
tion is often treated with angiotensin converting
enzymes (ACE) inhibitors or ARBs, which are contra-
indicated in pregnancy. Pregnant transplant patients
known to have PTE need regular monitoring of the
hemocrit and assessment of thromboembolic risk.
If hemocrit rises significantly, venesection could be
considered.

Hemoglobinopathies
Long-term morbidity and mortality has improved
significantly in sickle cell patients and other heredi-
tary hemoglobinopathies like Thalassemia such that
they are living well into adulthood. Individuals with
these conditions require additional genetic counseling
during their workup in order to ensure they are aware
of the inheritance pattern and that their partners have
undergone screening. There is an increased incidence
of deep vein thrombosis, pulmonary embolism, obste-
tric complications, pneumonia, sepsis and postpar-
tum infection. Less common are acute kidney injury,
cerebrovascular disorder, respiratory distress syn-
drome, eclampsia, postpartum hemorrhage, preterm
birth and ventilation [37]. In addition they are more
likely to require transfusions, ideally exchange trans-
fusions to avoid iron overload, particularly as the
transfusion requirements increase as pregnancy pro-
gresses. Erythropoietin can also be employed, but
response is usually inadequate to preclude the need
for transfusions. The addition of a transplant means
enhanced potential complications and there is an
increased risk of deterioration in graft function,
thereby impacting overall graft survival.
Management of such cases requires the multi-
specialist input of transplant specialist, obstetrician,
and specialist hematologist.

Thromboembolic Risk
Renal transplant patients often have proteinuria dur-
ing pregnancy (which may increase following discon-
tinuation of an ACE inhibitor or ARB) or other
comorbid factors or clotting abnormalities that may
increase their thromboembolic risk. In this situation
a pregnant renal transplant patient may be prescribed

prophylaxis with low-molecular-weight heparin (or
unfractionated heparin depending on their renal
function) (see Chapter 5).

Hyperlipidemia
An increasing number of renal transplant recipients
are treated with statin therapy for hypercholesterole-
mia and to reduce the risk of coronary events,
stroke and cardiovascular morbidity following renal
transplantation. It is not clear, however, whether
transplantation confers an additional risk. Some
immunosuppressant agents such as calcineurin inhi-
bitors, mTOR inhibitors and steroids lead to an
increase in lipid levels. Pregnancy is associated with
an increase in lipid levels (mainly triglycerides). This
change is most marked in the third trimester.
Profound increases in triglyceride levels can lead to
pancreatitis.

None of the widely used lipid lowering agents
(statins, fibrates or ezetimibe) is used routinely in
pregnancy. Animal studies have suggested that statins
are teratogenic and case reports in humans reported
central nervous system and limb defects in newborns
exposed to statins in utero [38]. The highly lipophilic
statins such as atorvastatin and simvastatin reach
concentrations in the fetal circulation that are similar
to maternal levels. These agents are contraindicated in
pregnancy. Pravastatin is more hydrophilic and to
date has not been associated with abnormal preg-
nancy outcomes. These drugs should be discontinued
before conception. Fibrates may be used in cases of
extreme hypertriglyceridemia.

Skeletal Problems
Preexisting bone problems are a common considera-
tion in the pregnant renal transplant patient.

Seventy-seven percent of renal transplant patients
have abnormal parathyroid hormone concentrations
[39], owing to chronic renal impairment following
renal transplantation or because of incomplete reso-
lution of pre-transplant hyperparathyroidism.
In addition, some patients may have had a previous
parathyroidectomy.

Severe primary hyperparathyroidism is associated
with poor pregnancy outcome, with increased neona-
tal death (31 percent) and hypocalcemia (19 percent)
[40]. In a single case report of a renal transplant
patient with mild tertiary hyperparathyroidism
(adjusted calcium 2.74 mmol/l, parathyroid hormone
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14 pmol/l), serum calcium level remained stable dur-
ing pregnancy despite deterioration in renal function.
The infant developed mild neonatal hypocalcemia,
requiring treatment with intravenous calcium gluco-
nate. It is important that infants of mothers with
hyperparathyroidism are monitored for clinical signs
of hypocalcemia (irritability, jerking, grimacing and
convulsions) and that serum calcium levels are
checked regularly following delivery.

Renal transplant patients may be prescribed
numerous medications for the management of skele-
tal problems, including calcium supplements, alfacal-
cidol, phosphate binders, bisphosphonates and, more
recently, cinacalcet. The use of these agents must be
carefully considered before and during pregnancy
(Table 12.1). Calcium supplements and alfacalcidol
are safe in pregnancy and should be continued.
Some phosphate binders are safe, including calcium
carbonate-based binders, but the newer phosphate
binders, including sevelamer and lanthanum carbo-
nate, should be avoided in pregnancy, although there
is little evidence at present and each case must be
assessed individually.

As a result of steroid therapy pre and/or post
transplantation, some young women who have had
a transplant may have osteoporosis or osteopenia.
Bisphosphonates used in the treatment and preven-
tion of osteoporosis act to inhibit bone resorption.
Due to their small molecular weight, bisphosphonates
are known to cross the placenta, but very little is
known about their safety in pregnancy. Early infor-
mation was conflicting with some reports from

animal studies indicating accumulation in fetal
bones and possible maternal hypocalcemia in late
pregnancy. One report in humans found no adverse
effect of bisphosphonates on the human fetus [41],
which was endorsed by Onroy et al. [42] reporting no
adverse effects on pregnancy outcome when alendro-
nate was taken prepregnancy or in early pregnancy in
24 pregnancies. Reports of women who have had bone
scintigraphy with 99mTc-methylene diphosphonate
showed radionuclide uptake by both placenta and
fetus [43].

There may be an association with fetal skeletal
anomalies, reduced gestational age and hypocalcemia
in infants; the first two, however, may be related to
other comorbidities in mothers. Animal models
demonstrate anomalies in both mother and fetus
such as embryolethality, general underdevelopment,
marked skeletal retardation of fetus (increased dia-
physeal bone trabeculae, decreased diaphyseal length,
small fetal weight and abnormal tooth growth). It is
noteworthy that these changes are at doses much
higher than those used clinically [44].

The safety of these agents in pregnancy is an area
that requires more research. In general, bisphospho-
nates should be discontinued at least six months to
a year if possible prepregnancy, particularly for the
older formulations such as pamidronate and alendro-
nate, which have a long half-life, or as soon as pregnancy
is suspected.

Careful consideration should be given before these
agents are prescribed to women of childbearing age.
In situations where a bisphosphonate is thought to be

Table 12.1 Management of skeletal problems in pregnant renal transplant patients

Usual treatment Treatment during pregnancy

Secondary hyperparathyroidism Phosphate binders Continue calcium carbonate

Discontinue sevelamer or lanthanum

Alfacalcidol Continue alfacalcidol

Tertiary hyperparathyroidism Parathyroidectomy In very severe cases consider surgery in second
trimester [39]

Monitor calcium levels closely in pregnancy

Cinacalcet Discontinue cinacalcet

Previous parathyroidectomy Alfacalcidol Continue alfacalcidol

Calcium supplements Continue calcium supplements

Osteoporosis Calcium supplements Continue calcium supplements and vitamin D?

Bisphosphonates Discontinue bisphosphonates

Osteopenia Calcium supplements Continue calcium supplements and vitamin D?
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essential, there may be a case for using one of the new-
generation bisphosphonates, which have a much
shorter half-life.

Other Comorbid Diseases

Diabetes
A renal transplant patient may have end-stage renal
disease due to diabetic nephropathy or may have
developed new-onset diabetes after transplant
(NODAT). In addition, transplant patients receiving
steroids and tacrolimus are at increased risk of gesta-
tional diabetes (3–12 percent) [1]. Therefore, glucose
tolerance testing may be warranted during pregnancy
in tacrolimus / steroid-treated patients (see
Chapter 15).

There are several additional issues to consider in
a diabetic renal transplant recipient who is pregnant.
The risks of preterm delivery and preeclampsia are
increased by both diabetes and renal transplantation.
Intrauterine growth restriction is less common in
diabetic pregnancies as macrosomia is more common
particularly in those with preexisting or poorly con-
trolled diabetes. Patients with diabetic nephropathy
affecting the transplanted kidney may have significant
proteinuria during pregnancy (especially if ACE inhi-
bitors and ARBs have been discontinued at concep-
tion) and present an increased thromboembolic risk
during pregnancy as previously described.
In addition, edema and severe nephrotic syndrome
may require diuretic treatment during pregnancy.

Those with gestational diabetes are ideally treated
with lifestyle changes, diet and exercise only, but some
may require treatment with insulin and/or oral hypo-
glycemic agents during pregnancy. Alpha-glucosidase
inhibitors (acrabase) are contraindicated in preg-
nancy. Sulphonyureas and biguanides, particularly
metformin, have been used in South Africa and
Australasia for more than three decades. Metformin
had been in use particularly in Australasia prior to
formal clinical trials [45]. Data generated from clin-
ical trials suggest that benefit outweighs potential risk
to the mother, fetus and breastfeeding infant [46–49].
Use of biguanides may help in women struggling with
weight gain. As a result of the clearer understanding
of the pathophysiology of diabetes several new agents
have been developed such as incretin-based therapies
(glucagons like therapies), SGLT2 inhibitors (gliflo-
zins), glucokinase inhibitor, dipeptidyl peptidase 4
(DDP-4) and thioglitazones. In the absence of

adequate pregnancy data on these agents they should
be avoided in pregnancy and ideally stopped three
months prior to conception. In the pregnant diabetic
renal transplant patient, it is very important to main-
tain close liaison between specialist renal and diabetic
obstetric teams throughout the pregnancy.

Systemic Lupus Erythematosus
One to two percent of patients on the renal trans-
plant waiting list have lupus nephritis as a cause of
end-stage renal disease. The success of renal trans-
plantation in this group is comparable to that of
other recipient groups. Systemic lupus erythemato-
sus (SLE) is a disease that frequently affects young
women and pregnancy is often a consideration for
this group of renal transplant recipients.
The transplant patient with an underlying diagnosis
of SLE can face several additional problems during
pregnancy, including recurrent miscarriages (see
Chapter 14). A further consideration in this group
is the potential presence of lupus anticoagulant and
anticardiolipin antibody in some patients, which
further increases the risk of fetal loss. Such patients
may require prophylactic low-molecular-weight
heparin therapy during pregnancy and aspirin.
The presence of anti-Ro and anti-La antibodies
leads to an increased risk of fetal cardiac problems.
In this situation there is a risk of congenital heart
block. SLE is associated with increased risk of pre-
term delivery and preeclampsia. Infants require
monitoring for neonatal lupus, which includes
a rash and thrombocytopenia, as well as congenital
heart block.

Post-transplant Malignancy
Renal transplant patients are at increased risk of
malignancy compared with the general population.
In particular, the risks of skin cancers, lymphomas
and in situ carcinomas, including carcinoma of the
cervix, are increased.

Cervical Neoplasia
Several authors have reported increased incidence of
cervical neoplasia in renal transplant recipients [50–
52]. Kasiske et al. reported the incidence of cervical
cancer to be increased five-fold [52]. However, Halpert
et al. [50] reported a 17-fold increase and Ozsaran
et al. [51] reported a 75 percent incidence in heavily
immunosuppressed kidney transplant recipients.
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The diagnosis of precancerous changes in the cer-
vix was associated with an increased risk of preterm
birth in an Australian study of 17,633 women between
1982 and 2000. The risk was increased in treated and
untreated women compared with the general popula-
tion [53]. In view of the increased risk it is important
that renal transplant patients undergo annual cervical
screening to detect early disease [52], which can then
be treated prepregnancy. The use of HPV vaccination
may also confer some benefit [54, 55], but as an
additive measure and not as a replacement for regular,
timely screening [56].

Abnormal smears should be followed by colpo-
scopy, but biopsies should be deferred until
the second trimester to minimize the risk of preg-
nancy loss. If the diagnosis is made during pregnancy,
definitive management with ablation or excision
should be delayed until postpartum. More aggressive
lesions including carcinoma in situ may require more
definitive management during pregnancy.
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Chapter

13
Reflux Nephropathy in Pregnancy
Nigel Brunskill

Vesicoureteric Reflux and Reflux
Nephropathy – Epidemiology,
Pathogenesis and Clinical Features
One third of all anomalies detected by routine fetal
ultrasonography are congenital abnormalities of the
kidney and urinary tract (CAKUT) [1, 2]. The spec-
trum of abnormalities seen in individuals with
CAKUT is wide and includes ureteric abnormalities
(e.g. vesicoureteric reflux [VUR], megaureter and ure-
terovesical junction obstruction) and kidney abnorm-
alities (e.g. aplastic kidneys, multicystic dysplasic
kidneys, hydronephrosis and duplex kidney).
CAKUT are observed more frequently in the offspring
of women with conditions such as obesity [3] or dia-
betes mellitus [3, 4] in the first 20 weeks of pregnancy.

In clinical practice, VUR is the most common man-
ifestation of CAKUT with an incidence in the general
population of at least 0.4 percent to 1.8 percent [5–7].
Primary VUR results in the retrograde passage of urine
from the bladder through the ureter into the upper
urinary tract. In the majority, VUR resolves with time
and is most often manifest in childhood [8]. There is
nowclear recognition that this has a familial component.
Early segregation analysis pointed to a single dominant
gene [9], but more recent evidence points to a polygenic
genetically heterogeneous trait with multiple candidate
genes affecting males and females equally [10–14].

Reflux nephropathy is a term that describes coarse
unilateral or bilateral renal scarring often found in
association with VUR, an appearance previously
known as chronic pyelonephritis. However, only
a proportion of children with VUR subsequently
develops reflux nephropathy. Under the age of eight
years 26 percent of children diagnosed with VUR have
renal scars, whereas in children older than eight years,
47 percent have renal scars at the time of diagnosis of
VUR [15]. Reflux nephropathy is the most common
cause of end-stage renal disease (ESRD) in children
and accounts for 10 percent of all ESRD [16].

In the majority of affected children, the focal scars
characteristic of reflux nephropathy develop early in
childhood, usually in the setting of severe intra-renal
reflux and urinary infection. Some children with
VUR, particularly boys, demonstrate small, smooth
kidneys at birth with histological evidence of renal
dysplasia in addition to VUR [8]. Hypertension is
common [17] and progressive renal impairment
toward ESRD occurs predominantly in those with
gross VUR with severe bilateral scarring. The bulk of
the initiating injury occurs in early childhood and
ESRD may develop thereafter despite the resolution
of VUR and in the absence of infection [18].

Some individuals with VUR and reflux nephropa-
thy are detected through screening programs in the
context of a family history. The commonest clinical
presentation of VUR and reflux nephropathy, how-
ever, is a complicated urinary tract infection (UTI).
The finding of hypertension, proteinuria and/or renal
impairment in children and adults may also lead to
the subsequent discovery of reflux nephropathy.

Reflux Nephropathy in Pregnancy
Some asymptomatic and otherwise healthy women
with reflux nephropathy may present in pregnancy
largely because the antenatal care setting often provides
the first opportunity for blood pressure monitoring,
urine dipstick analysis and the detection of urinary
infection in affected women. Renal scarring and
impaired renal function may be detected during sub-
sequent investigation of these abnormal findings. There
are several reasons why a maternal diagnosis of reflux
nephropathy may impact the outcome of a pregnancy.

Reflux Nephropathy and Urinary Sepsis
in Pregnancy
Urinary tract infections are one of the commonest
health problems during normal pregnancy, compli-
cating 8 percent of pregnancies [19, 20], and women
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with VUR are at particularly increased risk. Although
patients with VUR and reflux nephropathy are prone
to urine infection, the reasons are not fully under-
stood. With the combination of physiological dilata-
tion of the urinary tract in pregnancy and severe VUR,
urinary stasis certainly plays a part [18].

Given that it is generally accepted that urine infec-
tion may hasten renal scar formation, such infections
in pregnancy merit treatment on this basis alone.
The occurrence of symptomatic UTI in pregnancy is
associated with increased risk of preterm rupture of
membranes, preterm birth and low birth weight in
addition to serious maternal complications such as
septic shock [21]. Asymptomatic bacteriuria in preg-
nancy may be accompanied by similar complications,
although this remains controversial [22]. Nonetheless,
current consensus suggests that both asymptomatic
bacteriuria and UTI in pregnancy should be promptly
treated with antibiotics to prevent obstetric and
maternal complications [21, 22]. In the presence of
reflux nephropathy, screening for bacteriuria should
be performed regularly. No studies have assessed the
optimum timing for such surveillance, although at
least once in each trimester has been suggested [18].
If bacteriuria or UTI are detected, eradication should
be achieved using appropriate antibiotics. If urinary
infection is recurrent, prophylactic antibiotics should
be considered.

Effect of Reflux Nephropathy on Obstetric
and Maternal Outcomes in Pregnancy
How renal disease impacts pregnancy outcomes has
been an issue of interest and debate for 30 years. Based
on a number of predominantly retrospective studies,
it is currently believed that for pregnancy in the pre-
sence of renal disease: i) outcomes are largely depen-
dent on renal function such that if renal functional
loss is less than 50 percent, then pregnancy is likely to
be successful; ii) complications such as preeclampsia
and preterm birth are increased; iii) poorly controlled
hypertension predicts a worse outcome; iv) the
presence of heavy proteinuria is accompanied by
increased risks; and v) renal impairment associated
with systemic diseases such as lupus and scleroderma
carries a worse prognosis [23–31] (see Chapters 2
and 5).

Several authors have specifically studied the out-
come of pregnancies complicated by reflux nephro-
pathy and the results have sometimes been

controversial. The series of Katz and colleagues (32)
included 26 (out of 121) pregnancies in women with
renal biopsy proven interstitial nephritis likely due to
reflux nephropathy, with serum creatinine (SCr)
levels ≤1.4 mg/dL (≤125 μmol/L). The course of preg-
nancy and the underlying renal disease in these
women did not appear different from those with
other pathologies.

In 1986 the Australian group of Becker and
colleagues [33] reported in pregnancy outcomes in
six women with reflux nephropathy, diagnosed
according to typical radiological features, who
formed part of a subgroup of 20 women with “mod-
erate” renal failure (serum creatinine [SCr] 200–400
μmol/L) among a larger cohort of 184 female
patients with reflux nephropathy under long-term
follow-up. Pregnancy was associated with rapid loss
of renal function in all six, with four women requir-
ing dialysis within two years of delivery. Two babies
of mothers with reflux did not survive. The authors
suggested that women with reflux nephropathy con-
templating pregnancy should be specifically warned
of the risk of ESRD. However, in the French series
of 245 pregnancies in 99 patients with reflux
nephropathy reported by Jungers and colleagues
[34, 35, 26] in 1986, 1987 and 1997, pregnancy
outcomes were more favorable, and rapidly decreas-
ing renal function was seen only in two hypertensive
patients with SCr > 200μmol/L, but not in the
majority with better-preserved renal function.

Updating the Australian experience in 1997, El-
Khatib and colleagues [37] presented data from 345
pregnancies in 137 women with unequivocal reflux
nephropathy and/or VUR. More than 50 percent of
these pregnancies were complicated. Twenty-six per-
cent of women developed UTI with 6 percent devel-
oping acute pyelonephritis. The rate of fetal loss of
18 percent in those with SCr > 110 μmol/L was sig-
nificantly greater than that of 8 percent in those with
SCr < 110 μmol/L at conception. Maternal complica-
tions such as preeclampsia were greater in the pre-
sence of bilateral renal scarring, but persistent VUR
had no impact on any pregnancy outcomes. Overall
therefore in this study, the risk of maternal and obste-
tric complications was predominantly related to the
degree of underlying renal impairment and severity of
renal scarring.

Jungers and colleagues [38] updated their French
series by reporting outcomes in a cohort of 375 preg-
nancies in 158 women with reflux nephropathy seen
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over a period of 30 years up to 1994. The diagnosis of
reflux nephropathy was carefully established using
standard radiological investigations, and in 113
women, the presence or absence of persisting VUR
was determined by micturating cystourethrography.
In this latter group, persistent reflux was present in
43 percent. Interestingly, the diagnosis of reflux
nephropathy was unknown in 56 percent of these
women prior to their first pregnancy, and was only
revealed after investigation of UTI, proteinuria,
hypertension and/or renal impairment. The most
common complication was UTI in 22 percent of
pregnancies, and UTI was more common and severe
in those with persistent VUR, but UTI did not appear
to have substantial deleterious effects on fetal out-
comes. The authors suggested that prospective
mothers with VUR and recurrent UTI, particularly
pyelonephritis, should consider prophylactic ure-
teric re-implantation. Maternal renal function dete-
rioration was observed in 87 percent of women with
SCr > 110 μmol/L pre-pregnancy compared to only
1.2 percent of those with SCr < 110 μmol/L before
pregnancy. Live births occurred in 92 percent of
pregnancies where preconception SCr was
< 110 μmol/L, but in only 63 percent of pregnancies
with preconception SCr was > 110 μmol/L. Fetal loss
was much more common in hypertensive mothers.
Taking the 30-year cohort as a whole, outcomes
generally seemed to show evidence of significant
improvement over time and were better when man-
agement of pregnancy was intensified and carefully
coordinated between obstetricians and nephrolo-
gists. Taken together, the literature suggests that in
women with VUR, the presence of renal scarring is
the key determinant of the risk of gestational hyper-
tension, preeclampsia and other morbidity in preg-
nancy [39].

Recently, Roihuvuo-Leskinen and colleagues
reported a Finnish case series of 175 deliveries in 87
women with VUR definitively diagnosed in child-
hood. Urinary tract infections were common and
seen in around a third of women. Taken together,
maternal complications were observed in 64 percent
of women in pregnancy, and were significantly more
common in those with renal scars. Fetal complica-
tions such as preterm birth, low birth weight and
poor intrauterine growth were less common and
observed in 13 percent of women. However, in this
study, renal scars were not associated with increased
fetal complications [40].

Some studies have suggested that outcomes in preg-
nancies complicated by glomerular diseasesmay be less
favorable than those complicated by reflux nephropa-
thy [23, 25, 26]. These comparisons are seriously lim-
ited by small numbers of women in such studies.

Screening for VUR
Infants born to mothers with VUR may inherit the
condition. If the maternal diagnosis is apparent during
pregnancy, the antenatal ultrasound may be used to
detect characteristic changes of reflux nephropathy in
the fetus [18, 41]. Failing this, the offspring of patients
with either known VUR or a first-degree relative with
VUR should be investigated as soon as possible after
birth [18]. In the past, some interest has been shown in
screening for bacteriuria in schoolchildren as a potential
indicator of underlying VUR, but this is no longer
regarded as a practical or useful undertaking [42].

Conclusion
Reflux nephropathy is relatively common in preg-
nancy. However, while there are particular problems
relating to UTI in pregnancies with reflux nephropa-
thy, these can be adequately treated with standard
antibiotics (see Chapter 7). There is no justification
for prospective mothers to undergo micturating
cystourethrography with a view to prophylactic uret-
eral re-implantation prior to pregnancy. Overall out-
comes of pregnancies with reflux nephropathy appear
to be related predominantly to the degree of under-
lying renal impairment and presence of hypertension
rather than the underlying renal disease per se.
Women with reflux nephropathy should be screened
regularly for urinary infection in pregnancy and trea-
ted promptly should it occur. The offspring of the
women should be screened for VUR.
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Chapter

14
Lupus and Vasculitis in Pregnancy
Liz Lightstone

Introduction
Lupus is a disease of women of childbearing age and
so it is common to encounter women with lupus who
wish to become pregnant or are pregnant. Lupus
nephritis affects up to 60 percent or more of women
with lupus and imposes increased risks to the mother
and fetus. The treatments for lupus, especially for
lupus nephritis, can impair fertility, and some are
teratogenic. Women with lupus may have antibodies
associated with miscarriage and poor placentation or
antibodies that can cause neonatal lupus syndromes.
Prepregnancy counseling is essential to ensure
women are aware of the risks of pregnancy to them
and their baby, to know the best timing for pregnancy
and to ensure they are on safe medications. Vasculitis,
which can affect large and small vessels, less com-
monly presents in women of childbearing age, and
the literature surrounding management is much spar-
ser. However, many of the same principles apply –
planning, timing and correct medications. In both
conditions, the health professionals caring for these
women in pregnancy need to be able to recognize
a disease flare and also to judge whether the women
is having a disease flare and/or superimposed pree-
clampsia – a true clinical challenge, especially in
women with lupus nephritis. This chapter focuses on
women with lupus nephritis and those with vasculitis
affecting the kidneys – most commonly the small-
vessel vasculitidies – Granulomatous polyangiitis
(GPA – formerly known as Wegener’s granulomato-
sis) and microscopic polyangiitis (MPA) – and rarely
the large vessel Takayasu vasculitis. For recent
reviews, see references [1–6].

Lupus and Lupus Nephritis

Diagnosis
The diagnosis of lupus has recently been revised by
the Systemic Lupus International Collaborating

Clinics (SLICC) group. A patient can be classified as
having lupus if they have four of the clinical and
immunologic criteria used in the SLICC classification
criteria, including at least one clinical criterion and one
immunologic criterion, or if they have biopsy-proven
nephritis compatible with SLE in the presence of anti-
nuclear antibodies (ANAs) or anti-double stranded
DNA antibodies (dsDNA) [7]. This is not always easy
even in the nonpregnant woman, but new-onset rash
or arthralgias may not initially be appreciated as part of
systemic disease in pregnancy. Because of the close
relationship, not fully understood, between hormonal
state and lupus presentation and flares, it is not uncom-
mon for patients to present for the first time during
pregnancy. The combination of rash, arthralgias (overt
arthritis is rare), unusual fatigue, and/or pleurisy and/
or pericarditis, with or without proteinuria and/or
hematuria should raise suspicion. Lupus has protean
manifestations and clinicians need to be alert to the
possibility in a woman with persisting and unexplained
symptoms. Of course pregnancy can be associated with
unusual fatigue, rashes, aches and pains, and pleuritic
pain should raise the possibility of a pulmonary embo-
lus before the diagnosis of lupus is addressed. Blood
tests can be very useful in this setting.

Blood Tests
Patients with lupus tend to be penic – anemic, lym-
phopenic, often neutropenic and thrombocytopenic.
If they have marked proteinuria they may be hypoal-
buminemic – however, remember that a normal albu-
min for pregnancy is significantly lower than in the
nonpregnant state. Serology is probably themost useful
marker. Since pregnancy is essentially an acute phase
response, serum complement should be normal or
raised. A falling complement in the normal range
might start to raise suspicion of active lupus and
a low complement should definitely. In patients with
lupus, C4 is often persistently low, but C3 falls with
more active disease. ANA are very nonspecific, but the
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finding of anti dsDNA and/or anti Sm or anti RNP
antibodies would confirm the diagnosis. The combina-
tion of rising anti dsDNA antibodies and falling com-
plement should raise serious concern about impending
flare.

Renal Function
Most womenwith lupus have apparently normal renal
function with a serum creatinine within the normal
range but their estimated glomerular filtration rate
(eGFR) may well be reduced. The key signs of
a renal flare are increasing proteinuria and hematuria
on renal dip and a rise in creatinine, though it is very
possible to have active lupus nephritis, especially class
V, without any change in renal function.

Principles of Treatment
Lupus nephritis is usually diagnosed on the basis of
renal biopsy – classification is based on glomerular
findings, and if there is endocapillary, proliferation
will be considered as either class III (if fewer than
50 percent of glomeruli involved) or class IV (if more
than 50 percent involved); if there is membranous
change, it is class V, which can be present with class
III or IV. While proliferative lupus nephritis (class III/
IV) is generally considered as having a worse long-term
prognosis than class V, both forms can be associated
with significant nephrotic syndrome, hypertension and
impaired renal function. Women with additional anti-
phospholipid antibodies can have a superimposed vas-
culopathy/thrombotic microangiopathy. Outside of
pregnancy lupus nephritis is generally treated with an
induction regimen followed by maintenance immuno-
suppression. Induction regimens generally include
steroids with either mycophenolate mofetil (MMF) or
cyclophosphamide (CyP) – both drugs absolutely con-
traindicated in pregnancy (see Chapter 7). Clinical trial
data suggest that for those who respond to induction,
MMF is the more effective agent for maintenance ther-
apy [8]. However, in Caucasians at least, azathioprine
(safe in pregnancy) is a reasonable maintenance drug
[9]. All patients with lupus should be on the immuno-
modulatory drug hydroxychloroquine (HCQ), which is
good for extra-renal symptoms such as alopecia and
arthralgias, as well as reducing the risk of clots, infec-
tions and flares. Since lupus and lupus nephritis can
relapse and remit, long-term treatment is required.
Herein lies one of the many challenges of ensuring
safe pregnancies for women with lupus nephritis.

Prepregnancy Planning
Planning is crucial for a successful outcome. The key
determinants of success of pregnancies in women
with lupus and with lupus nephritis have recently
been clarified in two large prospective studies [10–
12]. These include having quiescent disease, especially
nephritis, at the time of conception and ideally for at
least six months prior; the absence of hypertension;
not being lupus anticoagulant positive; and being on
HCQ. For women with lupus nephritis, it is impera-
tive they understand that their disease needs to be
treated and then they can plan for pregnancy. This
should be addressed very early on in management of
women with acute lupus nephritis (see Chapter 2).

Cyclophosphamide can cause ovarian failure.
The risk is dose- and age-related such that a dose
over greater than 10g in a woman over 30 years is
almost invariably associated with amenorrhea, which
may be permanent [13]. The Eurolupus regimen of
cyclophosphamide (using 6 x 500mg doses every two
weeks) should be the standard regimen and the dose
of 3g is rarely associated with infertility [14]. Indeed
a recent study has shown anti-mullerian hormone
levels are well preserved in women receiving one
Eurolupus course [15]. That said, many women have
more than one course of treatment and may be at risk
of premature menopause. If there are any doubts
about fertility, it is worth early referral to a specialist
for assessment. Importantly, it is worth considering
doing this while the woman is on treatment for her
lupus nephritis so there is minimal delay once her
nephritis is quiescent. During treatment with cyclo-
phosphamide, many centers use ovarian protection
with GnRH agonists, but the validity of this has
recently been questioned. Egg collection may be con-
sidered to preserve fertility options in women with
lupus [16]. The problem with egg collection is that the
hormones required to stimulate egg production may
well exacerbate already active disease and hence be
contraindicated.

The issues with fertility highlight the challenges of
advising on correct timing to conceive. It is very clear
that active lupus nephritis at the time of conception is
associated with worse maternal and fetal outcomes
[10, 17]. Current advice is that disease should be
quiescent for six months prior to conception.
However, many women with lupus nephritis are in
their mid- to late 30s – hence the need to ensure that
everything is in place –medicines management, ferti-
lity investigations and so forth – for as soon as it is safe
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to try to conceive. We often recommend a renal
biopsy to ensure that residual proteinuria is not asso-
ciated with active disease.

Medications need to be optimized prior to concep-
tion. Women with lupus nephritis are often on multi-
ple medications – immunosuppressants, prophylactic
medications to protect them from the side effects of
treatment or to reduce long-term cardiovascular risk.
For an overview of the risks and safety of regularly
used medications, see Chapter 7 and reference [18].
Steroids, azathioprine and hydroxychloroquine can
and should all be continued. Hydroxychloroquine
should be advised for all pregnant women with
lupus. It has been shown to reduce disease activity
with no adverse effects on the baby and withdrawal
leads to an increased risk of lupus flare [19–22].
If a woman is in a stable remission on these main-
tenance medications, generally they should not be
weaned off prior to pregnancy lest she flares and is
set back another year or so. Mycophenolate mofetil,
cyclophosphamide and methotrexate are all terato-
genic and must be stopped at least three months
prior to conception. Most women do not just stop
their immunosuppression but need to convert to
azathioprine for maintenance. There is good evidence
this is a safe strategy [23], though flares may be more
common once switched, which will delay the time to
advising that it is safe to conceive. Establishing
a woman on the correct dose and monitoring her
response will usually require at least three months.
Specifics about immunosuppressants are discussed in
Chapter 7. Rituximab is used increasingly, especially
for refractory lupus nephritis – it crosses the placenta
and will deplete fetal B cells. The current recommen-
dation is to wait at least a year from treatment to
conception. However, there is also a school of thought
that it may be a strategy to prevent relapse (perhaps
more in women with vasculitis than lupus) if given
not long before pregnancy. If the baby is delivered at
term, its B cells are likely to have recovered. However,
there are no long-term data on the impact of such
a perturbation of immune cell development.

Hypertension is an adverse prognostic factor for
all pregnancies, and women with lupus nephritis are
very likely to have significant hypertension. It is cri-
tical to optimize blood pressure control prepreg-
nancy. Depending on her residual proteinuria, the
woman needs to be advised on whether to continue
ACE inhibitors(ACEi) or angiotensin receptor block-
ers (ARB) until pregnancy is confirmed (to offer

renoprotection) or to switch e.g. to labetalol or nife-
dipine. There is a growing consensus that the risk of
congenital abnormalities is probably lower than pre-
viously attributed to first-trimester exposure [24].
However, ACEi and ARB diminish proteinuria non-
specifically, and for women with lupus and prior
lupus nephritis, there is a strong argument to stop
their ACEi or ARB at the prepregnancy planning stage
to define the level of proteinuria off the medications.
If it is significant, the woman can be advised to have
a renal biopsy to ensure no active nephritis has been
unmasked.

Prepregnancy biopsy – as alluded to in the discus-
sion about ACEI/ARB cessation, knowing that the
lupus nephritis is quiescent is important prognosti-
cally. It is our practice to advise a renal biopsy prior to
switching e.g. from maintenance MMF to azathiopr-
ine, particularly if the woman has persistent low-level
proteinuria.

How to Advise on Impact of Lupus on
Maternal and Fetal Outcomes?
Ideally, prepregnancy, a woman with lupus nephritis
needs to be aware of the risks to her and to her baby.
A systematic review of 37 studies from 1980 to 2009,
evaluating data from 2,751 pregnancies in 1,842
women with lupus was published in 2010 [17]. It is
important to remember this covers a very long time
period during which care of high-risk pregnancies
improved hugely, neonatal care strengthened and
treatment of lupus underwent considerable change.
However, overall the systematic review showed that
pregnancies in women with lupus were complicated
by a lupus flare in 25.6 percent, hypertension in
16.3 percent, lupus nephritis in 16.1 percent, pree-
clampsia in 7.6 percent and eclampsia, stroke or
death in 1 percent. Unsuccessful pregnancies
occurred in 23.4 percent and of those that progressed,
34.9 percent were delivered at < 37 weeks’ gestation,
stillbirth was seen in 3.6 percent, neonatal death in
2.5 percent and intrauterine growth restriction
(IUGR) in 12.7 percent. These rates are higher than
in the general population of women. Importantly,
active nephritis was significantly associated with
maternal hypertension (p < 0.001) and premature
birth (p = 0.02). A history of nephritis was also asso-
ciated with hypertension (p < 0.001) and preeclampsia
(p = 0.017). Hence, even if lupus nephritis is in remis-
sion, it is important to counsel women they are at
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increased risk of adverse pregnancy outcomes and
need to be managed as high risk even if really well.
Women with positive antiphospholipid antibodies
were found to have a higher risk of hypertension (p
= 0.029) and having a premature birth (p = 0.004).

A very recent meta-analysis comparing women
with and without systemic lupus confirms the high
impact on maternal and fetal outcomes following
pregnancy and stresses the need for special care to
be offered before and during pregnancy to women
with lupus [25]. The study reported on 11 studies
with a total of 529,788 women included. They showed
the risk for having a caesarean section was signifi-
cantly higher in the women with lupus (RR: 1.85,
95 percent CI: 1.63–2.10; P = 0.00001). Women with
lupus were also more likely to have preeclampsia and
hypertension (RR: 1.91, 95 percent CI: 1.44–2.53;
P = 0.00001 and RR: 1.99, 95 percent CI: 1.54–2.56;
P = 0.00001 respectively). Spontaneous abortion,
thromboembolic disease and postpartum infection
were also significantly higher among the women
with lupus (RR: 1.51, 95 percent CI: 1.26–1.82;
P = 0.0001, RR: 11.29, 95 percent CI: 6.05–21.07;
P = 0.00001 and RR: 4.35, 95 percent CI: 2.69–7.03;
P = 0.00001, respectively). Women without lupus
were more likely to have a live birth (RR: 1.38, 95 per-
cent CI: 1.14–1.67; P = 0.001), while women with
lupus were much more likely to have premature deliv-
eries and small-for-gestational-age (SGA) babies (RR:
3.05, 95 percent CI: 2.56–3.63; P = 0.00001 and RR:
1.69, 95 percent CI: 1.53–1.88; P = 0.00001, respec-
tively). Babies born to mothers with lupus were sig-
nificantly more likely to require a neonatal intensive
care unit and, perhaps most worryingly, have conge-
nital defects (RR: 2.76, 95 percent CI: 2.27–3.35;
P = 0.00001) and (RR: 2.63, 95 percent CI: 1.93–3.58;
P = 0.00001), respectively.

There has now been an excellent prospective
cohort study published – the PROMISSE study [10],
which importantly defines not only a high-risk group
of women with lupus, but also a low-risk one.
The study followed a cohort of 385 patients (49 per-
cent non-Hispanic white, 31 percent with prior lupus
nephritis) with lupus. They excluded women with
active severe disease – specifically relevant to women
with lupus nephritis, they excluded those with
a protein-to-creatinine ratio > 1,000mg/g (equivalent
to about 1g/ 24 hours), creatinine greater than 1.2mg/
dl (> 106μmol/l), prednisolone dose > 20mg/day and
multifetal pregnancy. This means that the cohort

comprised women who, if they had had lupus nephri-
tis, likely had quiescent disease. They used “hard”
endpoints to define adverse pregnancy outcomes
(APOs): fetal or neonatal death; birth before 36
weeks due to placental insufficiency, hypertension or
preeclampsia (i.e. not just because the obstetrician
was “concerned” should deliver earlier); and SGA
neonate (birth weight below the fifth percentile).
Importantly, the women were largely followed in
lupus centers and had optimal care. A high propor-
tion were taking hydroxychloroquine. While APOs
occurred in 19.0 percent (95 percent CI, 15.2 percent
to 23.2 percent) of pregnancies, the corollary is that
81 percent of pregnancies had a good outcome – this
is a very important message for women with mild or
quiescent disease to hear. The rates of APO were
lower than seen in the systematic review cited earlier.
Fetal death occurred in 4 percent, neonatal death
occurred in 1 percent, preterm delivery occurred in
9 percent and SGA neonate occurred in 10 percent.
Severe flares in the second and third trimesters were
infrequent – occurring in 2.5 percent and 3.0 percent,
respectively. Baseline predictors of APOs included
presence of lupus anticoagulant (LAC) (odds ratio
[OR], 8.32 [CI, 3.59 to 19.26]), antihypertensive use
(OR, 7.05 [CI, 3.05 to 16.31]), Physician Global
Assessment (PGA) score greater than 1 (OR, 4.02
[CI, 1.84 to 8.82]), and low platelet count (OR, 1.33
[CI, 1.09 to 1.63] per decrease of 50 × 109 cells/L).
These data are very relevant to women with lupus
nephritis as many will be on maintenance antihyper-
tensives, though for some more for proteinuria con-
trol than blood pressure control. Non-Hispanic white
race was protective (OR, 0.45 [CI, 0.24 to 0.84]).
Perhaps unsurprisingly, maternal flares, higher dis-
ease activity and smaller increases in C3 level later in
pregnancy also predicted APOs. Again, important to
stress to women in prepregnancy planning, among
women without baseline risk factors, the APO rate
was 7.8 percent – hence the need to control disease
prior to pregnancy. The less-good news for women
with lupus nephritis is that for women who either
were LAC-positive or were LAC-negative but non-
white or Hispanic and using antihypertensives, the
APO rate was 58.0 percent and fetal or neonatal mor-
tality was 22.0 percent. Lupus nephritis is more com-
mon and more severe in nonwhite patients, so will be
overrepresented among those with higher risk factors
for APOs. While this study remains very important, it
was not focused on women with lupus nephritis.
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However, it does support the view that for women
who become pregnant with inactive or stable mild/
moderate SLE, severe flares are infrequent during
pregnancy and, in the absence of specific risk factors
such as LAC positivity, outcomes are favorable.

Moroni and colleagues have published a further
series of pregnancies in women with lupus nephritis
[26]. The study prospectively followed 71 pregnancies
in 61 Italian women between 2006 and 2013, so it was
very much a modern era study. All women had
received prepregnancy counseling. At the time of con-
ception, 78.9 percent were in complete renal remis-
sion and 21.1 percent had mild active lupus nephritis.
Flares (very loosely defined by a relatively small rise in
proteinuria) occurred in 19.7 percent (n = 14) and all
responded to treatment. Flares were predicted by low
C3 (consistent with the PROMISSE data), and high
anti-dsDNA antibodies. Interestingly, there was no
increased risk of flares with prior lupus nephritis or
clinical activity at baseline. The rate of preeclampsia
was 8.4 percent (n-6), surprisingly similar to the
7.6 percent reported in Smyth’s systematic review.
Hemolysis elevated liver enzymes, low platelets
(HELLP) syndrome was seen in two patients, and
both preeclampsia and HELLP were predicted by
prior lupus nephritis or longer disease duration or
hypertension.

In the Moroni study, they also assessed fetal out-
comes [12]. Fetal loss was seen in 6/71 pregnancies
(8.4 percent) and was predicted by baseline hyperten-
sion, being LAC-positive, having anticardiolipin IgG
antibodies or anti-β2 IgG antibodies and by being
triple positive for antiphospholipid antibodies.
Preterm delivery was common and predicted by
high baseline SLE Disease Activity Index (SLEDAI),
proteinuria, history of renal flares, hypertension and
active lupus nephritis. Odds for preterm delivery
increased by 60 percent for each unit increase in
SLEDAI and by 15 percent for each increase in pro-
teinuria by 1 g per day. The rate of fetal loss was
considered reasonably low and mostly associated
with the presence of antiphospholipid antibodies.
Prematurity was common and largely predicted by
lupus activity and lupus nephritis at baseline.
Importantly, while having an SGA baby was not
uncommon (16.4 percent), the probability was highly
significantly reduced by 85 percent in those women
taking hydroxychloroquine (p = 0.023).

What these recent studies highlight are the mes-
sages to share with women with lupus prior to

conception and indeed from early on in their treat-
ment for the lupus itself. The disease needs to be
quiescent, the medications need to be safe and ideally
pregnancy needs to be achieved when renal function is
normal, proteinuria is minimal and hypertension is
well controlled. All women should be screened at
baseline for lupus anticoagulant and if positive, coun-
seled that they are at much higher risk for adverse
pregnancy outcomes.

During Pregnancy
There are three key aspects to care during pregnancy
for women with lupus nephritis.

a) Monitoring of women with prior lupus or lupus
nephritis

b) Diagnosing those with de novo lupus nephritis or
a flare of lupus nephritis

c) Treatment of de novo lupus nephritis or flares

Monitoring
Women with lupus or prior lupus nephritis ideally
will have had prepregnancy counseling and know to
book early to facilitate accurate dating and early
assessment of disease activity, and to ensure optimi-
zation of medications and baseline bloods. Even if
a woman has had prepregnancy counseling, it is
worth early review to ensure she knows to continue
taking hydroxychloroquine, has started aspirin (75mg
od) if not already on it, to continue folic acid
(throughout pregnancy if also on azathioprine), that
she is on appropriate antihypertensives and has
stopped any inappropriate medications.

Lupus activity is monitored by checking for symp-
toms and signs of a lupus flare as well as by regular
measurement of serology and urine dip. Guidelines
suggest monthly monitoring of specific lupus serology
in addition to monitoring full blood count, renal
profile and serum albumin. Lupus serology should
include serum complement and anti-dsDNA antibo-
dies. If presenting for the first time, it is critical to test
for the presence of lupus anticoagulant, antiphospho-
lipid antibodies and anti-Ro antibodies as these confer
specific risks for the pregnancy and fetus, respectively.
Urine should be dipped at each visit to evaluate new-
onset hematuria and proteinuria. If proteinuria is
detected it should be quantified with a protein-to-
creatinine ratio.

All women with lupus or lupus nephritis should be
advised to have low-dose aspirin through to 36 weeks’
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gestation to reduce the risk of preeclampsia. Women
with antiphospholipid syndrome (with confirmed
thromboembolic event, or adverse obstetric out-
come – excluding recurrent early fetal loss) should
receive low-molecular-weight heparin (LMWH) in
pregnancy and for six weeks postpartum. Similarly,
women with significant proteinuria (the level that is
considered significant is debated but certainly if
greater than 2g per day and serum albumin falling),
regardless of lupus anticoagulant, should be given
prophylactic LMWH. Dose should be adjusted for
the mother’s weight and renal function.

During pregnancy, recent data have suggested early
measurement of angiogenic factors can predict those
women destined to have adverse pregnancy outcomes
as defined by the PROMISSE study [10, 27, 28]. They
showed that having soluble Flt1 (sFlt1) in the highest
quartile vs the lowest quartile between weeks 12–15 of
gestation gave an OR of 17.3 for predicting severe
adverse pregnancy outcomes (95 percent CI, 3.5–84.8);
positive predictive value 61 percent, negative predictive
value 93 percent. From weeks 16–19 of gestation, the
combination of sFlt1 and PlGF were most predictive of
severe adverse pregnancy outcomes, with the greatest
risk conferred if PlGF was in the lowest quartile
(< 70.3pg/ml) and sFlt1 in the highest quartile
(> 1,872pg/ml); OR 31.1; (95 percent CI, 8.0–121.9);
PPV, 58 percent, NPV, 95 percent. In this subgroup, if
lupus anticoagulant was positive or a history of hyper-
tension was also present, the severe adverse pregnancy
outcome rate was a staggering 94 percent (95 percent CI,
70–99.8 percent). In contrast, among those women with
the PlGF > 70.3pg/ml and sFlt1 < 1,872pg/ml, the rate of
severe adverse pregnancy outcomeswas only 4.6 percent
(95 percent CI, 2.1–8.6 percent). While these factors are
not yet being routinely measured through pregnancy,
they could give really useful guidance about continuing
with a pregnancy in a woman presenting with severe
lupus in early pregnancy.

Women with anti-Ro or anti-La antibodies should
have the fetal heart rate checked every two weeks from
18 weeks. Fetal echocardiography is often offered at
17–18 weeks’ gestation to screen for cardiac abnorm-
alities. Fetal echocardiography is recommended
where there is any suspicion of fetal dysrhythmia or
myocarditis [1].

All womenwith lupus and/or prior lupus nephritis
should be seen at least monthly through pregnancy to
ensure optimal blood pressure control, no evidence of
flare and good fetal growth.

Fetal Monitoring in Pregnancy
This is a somewhat contentious issue. There is little
debate that the fetus of a woman with lupus is more
prone to being growth restricted and regular ultra-
sounds for fetal growth are recommended.
However, the recent EULAR recommendations [1]
are very specific about detailed fetal surveillance:
“Women with SLE and/or APS should undergo sup-
plementary fetal surveillance with Doppler ultraso-
nography and biometric parameters, particularly in
the third trimester to screen for placental insuffi-
ciency and small for gestational age fetuses.”
However, there is much less agreement among
fetal medicine experts about what constitutes evi-
dence of placental insufficiency and when to inter-
vene. We routinely offer growth scans for women
with lupus nephritis (prior or current) from 24 or 28
weeks’ gestation.

Flares of Lupus Nephritis in Pregnancy
Diagnosing a flare of lupus nephritis in pregnancy
presents significant challenges. If a woman with
known lupus, especially prior lupus nephritis, devel-
ops new-onset proteinuria with or without micro-
scopic hematuria, with or without a rise in
creatinine, then it is very likely she is having a flare
of lupus nephritis. Serology may help confirm (falling
complement, rising dsDNA) as may extra-renal
symptoms – however, these are not required to
make the diagnosis. Outside of pregnancy a woman
with this constellation of findings would undoubtedly
be offered a renal biopsy. This is safe to do in early
pregnancy (probably up to 20 weeks’ gestation and
some do later [29–31]). However, if the diagnosis is
already known and she has had prior lupus nephritis,
then it may not be an absolute requirement. The need
is greater in women presenting for the first time in
pregnancy as the differential diagnosis is much wider
and systemic lupus can occur in the presence of dif-
ferent renal disease. The key factors to weigh up are
the risk of bleeding versus the benefit of an accurate
diagnosis. The problem with bleeding is not that there
is necessarily an increased risk of bleeding, but if the
woman bleeds, she cannot be anticoagulated – and she
may require anticoagulation more than she requires
the biopsy, especially if nephrotic and LAC-positive.
The downside of no biopsy is flying blind with poten-
tially harmful treatment without a confirmed tissue
diagnosis.
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Later in pregnancy the main question is whether
new-onset proteinuria is due to preeclampsia or
nephritis or both. Renal biopsy should not be under-
taken late in pregnancy and the judgment until
recently has rested on the constellation of clinical
findings (e.g. clear extra-renal manifestations of
a lupus flare such as rash, arthralgias) and serology.
However, many of the clinical features of lupus are
common to both preeclampsia and lupus and rela-
tively nonspecific. Patients with preeclampsia can also
develop anemia and thrombocytopenia, as well as
nephrotic syndrome. A rising dsDNA antibody titer
and falling complement make lupus nephritis more
likely but not a certainty, and of course the two can
coincide. More recently, angiogenic factors, particu-
larly a low and falling PlGF, have been shown to
predict the need for delivery due to preeclampsia
within 14 days in women with chronic kidney disease,
some of whom in the study had lupus [32]. While
these tests are not yet generally in routine clinical
use they are likely to become more widely used.

The differential between a flare of lupus nephritis
and preeclampsia can present a real dilemma particu-
larly around 26–30 weeks’ gestation. If it is a flare of
lupus nephritis at this stage of gestation, the correct
thing to do is to treat, monitor carefully and only
expedite delivery if the flare worsens or if preeclamp-
sia supervenes. However, if it is preeclampsia, then
early delivery is likely to be required. Clearly the
impact for the mother and baby is immense, and
this highlights the need for these women to be cared
for by an expert multidisciplinary team with at
a minimum an obstetrician and an obstetric physi-
cian, but ideally in conjunction with a nephrologist or
rheumatologist with specific expertise.

Treating Lupus Nephritis Flares in Pregnancy
Treatment of lupus nephritis in pregnancy should
always be done in conjunction with a nephrologist
or rheumatologist expert in the management of the
disease. In early pregnancy it is appropriate to discuss
the option of therapeutic abortion, treating the lupus
nephritis optimally and planning for pregnancy at
a later stage. However, many women choose not to
take this route and later in pregnancy it is not an
option. The selection of drugs that can be used to
treat active lupus nephritis in pregnancy is more lim-
ited as mycophenolate and cyclophosphamide – stan-
dardly used for induction therapy – are
contraindicated absolutely in the first trimester and

probably well into the second trimester. The mainstays
of treatment are steroids and azathioprine. While some
recommendations suggest starting with steroids alone,
there is no evidence this approach works outside of
pregnancy [33], so this should not be the approach
during pregnancy. For acute lupus nephritis, it is appro-
priate to pulse with intravenous methyl prednisolone
e.g. three doses of 500mg intravenous methyl predniso-
lone. This should get rapid control of systemic and renal
inflammation. Larger doses are not needed (see for
instance [34, 35]). Oral prednisolone should be started
at 0.5mg/kg (maximum dose 60mg) (with proton pump
inhibitor cover, as well as bone protection) [36].
However, where possible, dose and duration of steroids
should be kept to a minimum due to the short-term
significantly increased risks of maternal hypertension
and gestational diabetes, as well as preeclampsia (though
of course this might reflect the underlying disease state).
The impact of steroids on mood should not be under-
estimated – while frank steroid-induced psychosis is
infrequent, given the combination of acute illness and
concerns regarding their babies, women treated with
high-dose steroids should be warned of possible mood
changes, including hypomania and severe depression.

The main steroid sparing agent to treat lupus
nephritis in pregnancy is azathioprine.
The mother’s thiopurine methyl transferase
(TPMT) should be ascertained to guide start dose
and maximum dose. The maximum dose regardless
should be 2mg/kg to minimize fetal immunosup-
pression and cytopenias. Women should have their
full blood count and liver function monitored reg-
ularly while on azathioprine. Recent data have sug-
gested tacrolimus, a calcineurin inhibitor, could be
an effective treatment for lupus nephritis in preg-
nancy [37, 38]. Both azathioprine and tacrolimus are
steroid sparing and tapering of steroids as rapidly as
tolerated is to be encouraged. Tacrolimus and ster-
oids are both diabetogenic, so women must be
screened for gestational diabetes. Tacrolimus levels
need to be monitored with a target range of around
5-8ng/l. Bound levels of tacrolimus fall quite mark-
edly in pregnancy and quite high doses might be
required though free levels (not routinely measured)
may well remain stable or increase. If toxicity is
suspected (tremor, unexplained rise in creatinine),
then the dose should be reduced.

In the face of severe systemic lupus or severe lupus
nephritis, alternative or additional therapeutic
options include intravenous immunoglobulin (IVIg)
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and plasma exchange. IVIg does increase thrombotic
risk, but is of value for thrombocytopenia and as an
adjunctive therapy, especially when there is concomi-
tant infection precluding increasing immunosuppres-
sion. There have been case series and reports to
support its safety in pregnancy [39–41]. Plasma
exchange requires (generally) central venous access
and so is an invasive procedure with concomitant
risk of infection from central line. However, for
refractory lupus nephritis and severe antiphospholi-
pid syndrome with poor obstetric outcomes there
have been some reports of success [42].

While not generally recommended, in order to
prolong a pregnancy complicated by severe lupus
nephritis, it is possible to use cyclophosphamide in
the third trimester of pregnancy [43]. There are
almost no data supporting the use of mycophenolate
mofetil in the third trimester, but the logic to be
applied would be the same – the danger from terato-
genicity has passed by this stage and the main risks to
the fetus are those of immunosuppression and cyto-
penias. This logic was applied in a recently reported
complex case [41].

Breastfeeding
Women should be encouraged to breastfeed and there
are data to support them doing so while taking
azathioprine and tacrolimus [44,45]. As yet breast-
feeding while taking mycophenolate mofetil has not
been recommended.

Vasculitis
Systemic vasculitides are classified according to the
smallest vessel involved. The ones most likely to be
encountered in pregnant women that can impact
kidney function are a) the large vessel Takayasu
arteritis and b) the small vessel ANCA associated
vasculitides – granulomatous polyangiitis (GPA,
formerly known as Wegener’s granulomatosis)
and microscopic polyangiitis (MPA). Takayasu via
inflammatory changes leads to stenosis of affected
vessels. Renal artery involvement is common and
can lead to severe hypertension and renal impair-
ment if the stenosis is complete. GPA and MPA are
characterized by the presence of anti-neutrophil
cytoplasmic antibodies (ANCA) – the ANCA in
GPA are typically directed against proteinase 3
(anti PR3) and in MPA against myeloperoxidase
(anti MPO).

Diagnosis
Takayasu arteritis is rare but classically affects women
of childbearing age. It is challenging to diagnose as
systemic symptoms may be very nonspecific (e.g.
malaise, fever) and distinguishing between active dis-
ease (inflammation) and damage (often presenting as
stenotic vessels long after the inflammation has sub-
sided) is challenging. Patients are often diagnosed late
but can present with hypertension (due to renal artery
stenosis), ischemic limbs or gut and strokes depend-
ing on which arteries are involved. Imaging is central
to diagnosis and includes MRA, ultrasound, PET-CT
and formal angiography [46, 47].

Granulomatous polyangiitis (GPA) and micro-
scopic polyangiitis (MPA) classically affect older peo-
ple, but GPA in particular can present in women of
childbearing age. Both can cause constitutional symp-
toms, arthralgias, vasculitic rashes, pulmonary
hemorrhage and necrotizing glomerulonephritis
(often with just blood and small amounts of protei-
nuria on dipstick). GPA can also cause upper airway
disease, including subglottic stenosis, deafness, sinus
symptoms, nasal crusting and bridge collapse and
pulmonary granulomas and cavitations. MPA can be
associated with neuropathies.

Blood Tests
In contrast to lupus, vasculitis is generally associated
with an acute phase response, so women may well
have a raised CRP, anemia, high white count, high
platelets, high alkaline phosphatase and low serum
albumin. Patients are rarely nephrotic on presenta-
tion. Takayasu arteritis is rarely associated with
a positive ANCA. In GPA and MPA, patients are
usually ANCA positive, but not always, and less likely
if limited e.g. to renal disease only or upper airway
disease only.

Renal Function
Patients with Takayasu arteritis may lose renal func-
tion due to significant renal artery stenosis, but often
develop collateral circulation, which leads to preser-
vation of eGFR unless both kidneys are severely
affected. In contrast, the classical focal necrotizing
glomerulonephritis associated with GPA and MPA
can lead to rapid loss of renal function – the so-
called rapidly progressive glomerulonephritis
(RPGN). RPGN is a medical emergency requiring
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prompt diagnosis and intervention if renal function is
not to be permanently lost.

Principles of Treatment
As with lupus, treatment is focused on induction of
remission and maintenance of remission. Takayasu
arteritis is challenging because defining when remis-
sion has occurred is very difficult, as highlighted by
the recent data using anti-interleukin 6 (IL-6). Anti-IL
-6 treatment led to normalization of all the measur-
able inflammatory markers e.g. CRP, but new lesions
were still seen in some patients on detailed imaging
[46]. Prednisolone remains the cornerstone of treat-
ment for Takayasu arteritis, but most would advocate
steroid sparing with e.g. azathioprine, or anti-TNF
inhibitors.

The treatment of acute RPGN or other organ-
threatening disease in GPA and MPA has changed
in recent years. Steroids are used, whereas cyclopho-
sphamide was the standard of care in addition to
steroids for induction; however, there are now strong
data supporting the use of rituximab especially in
those with a flare from remission rather than de
novo disease [48]. Milder small-vessel vasculitis, espe-
cially non-renal disease, can be treated with metho-
trexate or mycophenolate mofetil. Maintenance
treatment with steroids and azathioprine for at least
two years from remission (especially in GPA which is
more likely to relapse) is recommended, though
recent data showed far few relapses in those main-
tained on prednisolone and intermittent low doses of
rituximab versus those maintained on prednisolone
and azathioprine [49].

Prepregnancy Planning
All patients with vasculitis should be under specialist
care before and during pregnancy – as with lupus the
route to success is collaborative care by an expert
multidisciplinary team. Similarly, fertility needs to
be considered in women who have been exposed to
cyclophosphamide (see earlier).

Medications need to be reviewed prepregnancy.
Prednisolone, azathioprine, MMF, methotrexate and
cyclophosphamide have all been discussed. Use of
TNF inhibitors is common for Takayasu arteritis.
The commonly used ones are IgG1 antibodies,
which are actively transported by the placenta and
cord blood levels will exceed those in the mother if
given in the third trimester. The advice varies but is

largely based on the half-life of the inhibitors – thus
infliximab should probably be stopped no later than
18–19 weeks of gestation, adalimumab six to eight
weeks before delivery if disease active, and by the
end of the second trimester if quiescent; Etanercept
should be stopped by 30–32 weeks [50–52]. There is
no evidence of these drugs causing congenital
abnormalities, but exposed babies are substantially
immunosuppressed and should not have live vaccines
for at least five months post exposure. Rituximab also
crosses the placenta and it is advised to avoid exposure
for a year before conception. However, it is very
effective at preventing flares of small-vessel vasculitis
and there is a growing school of thought that it might
be the ideal drug to give soon before pregnancy or in
early pregnancy to avoid vasculitic flares during preg-
nancy, which are considerably more of a risk for the
women and her fetus.

How to Advise on Impact of Vasculitis on
Maternal and Fetal Outcomes?
The generality holds that it is much safer to get preg-
nant with quiescent disease than active disease. There
are far fewer data to draw inferences from in vasculitis
than lupus as the frequency of pregnancy in women
with vasculitis is much lower.

Takayasu Arteritis
Four recent studies (reviewed in [47]) from four dif-
ferent countries (France, Brazil, India and Turkey)
reviewed post-diagnosis pregnancies in a total of 175
women and compared them either with controls or
pre-diagnosis pregnancies. There was a significantly
increased risk of maternal and fetal complications in
all those with a diagnosis of Takayasu arteritis.
In general there were higher rates of maternal hyper-
tension (new or worsening), intrauterine growth
restriction, preeclampsia and prematurity [53–56].
The study from India suggests that early intervention
prior to pregnancy to treat renal artery stenosis may
reduce complications. Angioplasty rather than stent-
ing is the treatment of choice for such stenosis as in
stent restenosis is more common than restenosis after
angioplasty [47].Womenwith Takayasu arteritis need
to be monitored very carefully through pregnancy –
most have successful outcomes, but the rate of hyper-
tension is up to 40 percent and when complications
arise they can be very severe. These include the devel-
opment of aortic aneurysms, stroke, heart failure and
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myocardial infarcts and aortic dissection – all rare but
catastrophic when they occur [6].

GPA and MPA
There are only a handful of reports regarding preg-
nancies in women with small-vessel vasculitis.
The consensus suggests that disease should be in
stable remission prior to conception to ensure
good outcomes. However, maternal and fetal com-
plications appear to be common and flares are not
infrequent [6]. A systematic review of 567 pregnan-
cies among patients with primary systemic vasculitis
highlighted a reciprocal influence between disease
course and gestational outcome, although no defi-
nite effects could be shown [57]. A recent retro-
spective report followed 65 pregnancies in 50
women with systemic vasculitis in eight multi-
specialist centers over a nearly 20-year period –
again highlighting how uncommon it is to see preg-
nant women with vasculitis [58]. Importantly, they
compared the outcomes for the women with vascu-
litis with those from a general obstetric population
of 3,939 women. Only two of the women reported
developed their vasculitis de novo during pregnancy
and 59 of the remaining 63 had quiescent disease at
conception. Despite this, complications were not
infrequent. There were 59 live births, eight miscar-
riages and one fetal death. Preterm, particularly
early preterm (< 34 weeks) deliveries and caesarean
sections were significantly more frequent in the
women with vasculitis than in the control group
(11.3 percent versus 5.0 percent, p = 0.049 and
48.2 percent versus 31.0 percent, p = 0.009).
Vasculitis-related complications occurred in 23
pregnancies (35.4 percent), with five severe events
(7.7 percent), including three cases of transient
ischemic attack. For the 56 pregnancies for which
postpartum data were available, flares occurred in 12
(21.4 percent) women, with one severe event
(1.8 percent). Overall, when the case reports and
series are reviewed, pregnancy is perfectly feasible
for women with small-vessel vasculitis but attention
needs to be paid to systemic flares and women
should be warned about the need to have quiescent
disease at conception.

During Pregnancy
There are three key aspects to care during pregnancy
for women with systemic vasculitis.

a) Monitoring of vasculitis

b) Diagnosing those with de novo vasculitis or flares
of vasculitis

c) Treatment of de novo vasculitis or flares of
vasculitis

Monitoring
Women should be cared for in centers where specia-
list multidisciplinary teams with relevant expertise
are available. GPA and MPA should be in remission
and women on pregnancy-safe medications – in rea-
lity most will be on steroids with or without
azathioprine. Women should be advised to take low-
dose aspirin to reduce the risk of preeclampsia.
Women should be seen at least monthly and markers
of disease activity monitored. These include CRP,
full blood count, renal function, ANCA and urina-
lysis. It needs to be borne in mind that both acute
vasculitis and pregnancy induce an acute phase
response so serial monitoring to detect change is
mandatory. Some extra-renal flares can be life threa-
tening with minimal influence on blood tests – in
particular the development of tracheal disease in
women with GPA can lead to stridor and threatened
ventilation. Although rare, if this is the first presen-
tation of disease, diagnostic delay (leading to treat-
ment delay) can be catastrophic.

Diagnosis
As in nonpregnant women, diagnosis is made on the
combination of clinical findings and blood and urine
tests. If renal disease presents for the first time during
pregnancy in a woman not known to have vasculitis,
the same criteria for undertaking a renal biopsy or not
apply as discussed for lupus.

Treatment
Small-vessel vasculitis with organ-threatening invol-
vement in some ways presents much more of
a challenge in pregnancy than lupus as the conse-
quences can be much more severe and rapid. For
instance pulmonary hemorrhage is often life threaten-
ing and a renal flare can lead to renal failure within
weeks. Prednisolone and azathioprine are inadequate
to treat such flares. Plasma exchange can be consid-
ered. Beyond the stage of teratogenicity it is reason-
able to consider standard treatment with
cyclophosphamide. Rituximab could be considered
in early pregnancy, but should be avoided in later
pregnancy as it will persist in the fetus for at least six
months [43].
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Conclusions
There are simple messages to take on board – plan-
ning before pregnancy is vital for all women with
known lupus or vasculitis in order to evaluate disease
activity, optimize blood pressure control and medica-
tions and to discuss fully with the prospective parents
the risks they face and the management and monitor-
ing required. Disease should be quiescent well before
conception and women should be monitored closely
through pregnancy for complications due to their
disease, their medications and flares. And above all,
women should be managed in centers where colla-
borative multidisciplinary teams have the expertise to
appropriately advise, monitor and treat women with
these challenging diseases.

References
1. Andreoli L, Bertsias GK, Agmon-Levin N, Brown S,

Cervera R, Costedoat-Chalumeau N, et al. EULAR
recommendations for women’s health and the
management of family planning, assisted reproduction,
pregnancy and menopause in patients with systemic
lupus erythematosus and/or antiphospholipid
syndrome. Ann Rheum Dis. 2017;76:476–485.

2. Østensen M, Andreoli L, Brucato A, Cetin I,
Chambers C, Clowse MEB, et al. State of the art:
Reproduction and pregnancy in rheumatic diseases.
Autoimmun Rev. 2015 May;14:376–386.

3. Lazzaroni MG, Dall’Ara F, Fredi M, Nalli C, Reggia R,
Lojacono A, Ramazzotto, F, Zatti, S, Andreoli L,
Tincani A. A comprehensive review of the clinical
approach to pregnancy and systemic lupus
erythematosus. J Autoimmun. 2016;74:106–117.

4. Tincani A, Dall’Ara F, Lazzaroni MG, Reggia R,
Andreoli L. Pregnancy in patients with autoimmune
disease: A reality in 2016. Autoimmun Rev.
2016;15:975–977.

5. Knight CL, Nelson-Piercy C. Management of systemic
lupus erythematosus during pregnancy: Challenges and
solutions.Open access Rheumatol Res Rev. 2017;9:37–53.

6. Machen L, Clowse MEB. Vasculitis and pregnancy.
Rheum Dis Clin North Am. 2017;43:239–247.

7. Petri M, Orbai A-M, Alarcón GS, Gordon C, Merrill JT,
Fortin PR, et al. Derivation and validation of the
Systemic Lupus International Collaborating Clinics
Classification Criteria for Systemic Lupus
Erythematosus.Arthritis Rheum. 2012;64(8):2677–2686.

8. DooleyMA, Jayne D, Ginzler EM, Isenberg D, Olsen NJ,
Wofsy D, et al. Mycophenolate versus azathioprine as
maintenance therapy for lupus nephritis. N Engl J Med.
2011;365:1886–1895.

9. Houssiau FA, D’Cruz D, Sangle S, Remy P,
Vasconcelos C, Petrovic R, et al. Azathioprine versus
mycophenolate mofetil for long-term
immunosuppression in lupus nephritis: Results from
the MAINTAIN Nephritis Trial. Ann Rheum Dis.
2010;69:2083–2089.

10. Buyon JP, Kim MY, Guerra MM, Laskin CA, Petri M,
Lockshin MD, et al. Predictors of pregnancy outcomes
in patients with lupus: A cohort study.Ann InternMed.
2015;163:153–163.

11. Moroni G, Doria A, Giglio E, Imbasciati E, Tani C,
Zen M, et al. Maternal outcome in pregnant women
with lupus nephritis: A prospective multicenter study.
J Autoimmun. 2016.

12. Moroni G, Doria A, Giglio E, Tani C, ZenM, Strigini F,
et al. Fetal outcome and recommendations of
pregnancies in lupus nephritis in the 21st century.
A prospective multicenter study. J Autoimmun.
2016;74:6–12.

13. Manger K, Wildt L, Kalden JR, Manger B. Prevention
of gonadal toxicity and preservation of gonadal
function and fertility in young women with systemic
lupus erythematosus treated by cyclophosphamide:
The PREGO-Study. Autoimmun Rev. 2006;5:269–272.

14. Houssiau FA, Vasconcelos C, D’Cruz D,
Sebastiani GD, Garrido E de R, Danieli MG, et al.
The 10-year follow-up data of the Euro-Lupus
Nephritis Trial comparing low-dose and high-dose
intravenous cyclophosphamide. Ann Rheum Dis.
2010;69:61–64.

15. Tamirou F, Nieuwland Husson S, Gruson D, Debiève F,
Lauwerys BR, Houssiau FA. The low-dose intravenous
cyclophosphamide Euro-Lupus regimen does not
impact the ovarian reserve, as measured by serum anti-
Müllerian hormone levels. Arthritis Rheumatol. 2017.
http://doi.wiley.com/10.1002/art.40079.

16. Nahata L, Sivaraman V, QuinnGP. Fertility counseling
and preservation practices in youth with lupus and
vasculitis undergoing gonadotoxic therapy. Fertil
Steril. 2016;106:1470–1474.

17. Smyth A, Oliveira GHM, Lahr BD, Bailey KR,
Norby SM, Garovic VD. A systematic review and
meta-analysis of pregnancy outcomes in patients with
systemic lupus erythematosus and lupus nephritis.Clin
J Am Soc Nephrol. 2010; 5:2060–2068.

18. Götestam Skorpen C, Hoeltzenbein M, Tincani A,
Fischer-Betz R, Elefant E, Chambers C, et al.
The EULAR points to consider for use of
antirheumatic drugs before pregnancy, and during
pregnancy and lactation. Ann Rheum Dis.
2016;75:795–810.

19. Clowse MEB, Magder L, Witter F, Petri M.
Hydroxychloroquine in lupus pregnancy. Arthritis
Rheum. 2006;54:3640–3647.

Chapter 14: Lupus and Vasculitis in Pregnancy

167
15

18:14:24



20. Kaplan YC, Ozsarfati J, Nickel C, Koren G.
Reproductive outcomes following hydroxychloroquine
use for autoimmune diseases: A systematic review and
meta-analysis. Br J Clin Pharmacol. 2016;81:835–848.

21. Levy R, Vilela V, Cataldo M, Ramos R, Duarte J,
Tura B, et al. Hydroxychloroquine (HCQ) in lupus
pregnancy: Double-blind and placebo-controlled
study. Lupus. 2001;10:401–404.

22. Sperber K, Hom C, Chao CP, Shapiro D, Ash J,
Aberientos C. Systematic review of
hydroxychloroquine use in pregnant patients with
autoimmune diseases. Pediatr Rheumatol Online J.
2009;7:9.

23. Fischer-Betz R, Specker C, Brinks R, Aringer M,
Schneider M. Low risk of renal flares and negative
outcomes in women with lupus nephritis conceiving
after switching from mycophenolate mofetil to
azathioprine. Rheumatol. 2013; 52:1070–1076.

24. Bateman BT, Patorno E, Desai RJ, Seely EW,MogunH,
Dejene SZ, et al. Angiotensin-converting enzyme
inhibitors and the risk of congenital malformations.
Obstet Gynecol. 2017;129:174–184.

25. Bundhun PK, Soogund MZS, Huang F. Impact of
systemic lupus erythematosus on maternal and fetal
outcomes following pregnancy: A meta-analysis of
studies published between years 2001–2016.
J Autoimmun. 2017. www.ncbi.nlm.nih.gov/pubmed/
28256367.

26. Moroni G, Ponticelli C. Pregnancy in women with
systemic lupus erythematosus (SLE). Eur J Intern Med.
2016;32:7–12.

27. Yelnik CM, Laskin CA, Porter TF, Branch DW,
Buyon JP, GuerraMM, et al. Lupus anticoagulant is the
main predictor of adverse pregnancy outcomes in
aPL-positive patients: Validation of PROMISSE study
results. Lupus Sci Med. 2016; 3.

28. Kim MY, Buyon JP, Guerra MM, Rana S, Zhang D,
Laskin CA, et al. Angiogenic factor imbalance early in
pregnancy predicts adverse outcomes in patients with
lupus and antiphospholipid antibodies: Results of the
PROMISSE study. Am J Obstet Gynecol 2016;214:108.
e1-108.e14. http://dx.doi.org/10.1016/j.ajog.2015.09.066.

29. Imbasciati E, Surian M, Bottino S, Cosci P, Colussi G,
Ambroso GC, et al. Lupus nephropathy and
pregnancy: A study of 26 pregnancies in patients with
systemic lupus erythematosus and nephritis. Nephron.
1984;36:46–51.

30. Day C, Hewins P, Hildebrand S, Sheikh L, Taylor G,
Kilby M, et al. The role of renal biopsy in women with
kidney disease identified in pregnancy. Nephrol Dial
Transplant. 2008;23:201–206.

31. Webster P, Webster L, Cook H, Horsfield C, Seed P,
Vaz R, et al. A multicentre cohort study of histological

findings and long-term outcomes of kidney disease in
women who have been pregnant. Clin J Am Soc
Nephrol. 2017;12:408–416.

32. Bramham K, Seed PTPT, Lightstone L, Nelson-Piercy
C, Gill C, Webster P, et al. Diagnostic and predictive
biomarkers for pre-eclampsia in patients with
established hypertension and chronic kidney disease.
Kidney Int. 2016;89:874–885.

33. Bertsias GK, Tektonidou M, Amoura Z, Aringer M,
Bajema I, Berden JH, Boletis J, Cervera R, Dorner T,
Doria A, Ferrario F, Floege J, Houssiau FA,
Ioannidis JP, Isenberg DA, Kallenberg CG,
Lightstone L, Marks SD, Martini A, Moroni G,
Neumann I, Praga M, Schneider M, Starra A, Tesar V,
Vasconcelos C, van Vollenhoven RF, Zakharova H,
Haubitz M, Gordon C, Jayne D, Boumpas DT.
EULAR/ERA-EDTA recommendations for the
management of adult and paediatric lupus nephritis.
Ann Rheum Dis. 2012; 71: 1771–1782.

34. Edwards JCW, Snaith ML, Isenberg DA. A double
blind controlled trial of methylprednisolone infusions
in systemic lupus erythematosus using individualised
outcome assessment. Ann Rheum Dis.
1987;46:773–776.

35. Badsha H, Kong KO, Lian TY, Chan SP, Edwards CJ,
Chng HH. Low-dose pulse methylprednisolone for
systemic lupus erythematosus flares is efficacious and
has a decreased risk of infectious complications. Lupus.
2002;11:508–513.

36. Zeher M, Doria a., Lan J, Aroca G, Jayne D, Boletis I,
et al. Efficacy and safety of enteric-coated
mycophenolate sodium in combination with two
glucocorticoid regimens for the treatment of active
lupus nephritis. Lupus. 2011;20:1484–1493.

37. Webster P, Lightstone L, McKay D, Josephson MA.
Pregnancy in chronic kidney disease and kidney
transplantation. Kidney Int. 2017; 91:1047–1056.

38. Webster P,Wardle A, BramhamK,Webster L, Nelson-
Piercy C, Lightstone L. Tacrolimus is an effective
treatment for lupus nephritis in pregnancy. Lupus.
2015;23:1192–1196.

39. Perricone R, De Carolis C, Kroegler B, Greco E,
Giacomelli R, Cipriani P, et al. Intravenous
immunoglobulin therapy in pregnant patients affected
with systemic lupus erythematosus and recurrent
spontaneous abortion. Rheumatology.
2008;47:646–651.

40. Mulhearn B, Bruce IN. Indications for IVIG in
rheumatic diseases. Rheumatology (Oxford).
2015;54:383–391.

41. Webster P, Nelson-Piercy C, Lightstone L.
A complicated multisystem flare of systemic lupus
erythematosus during pregnancy. BMJ Case Rep. 2017.

Section 5: Special Conditions

15
18:14:24



42. Kronbichler A, Brezina B, Quintana LF, Jayne DRW.
Efficacy of plasma exchange and immunoadsorption in
systemic lupus erythematosus and antiphospholipid
syndrome: A systematic review. Autoimmun Rev.
2016;15:38–49.

43. Nelson-Piercy C, Agarwal S, Lams B. Lesson of the
month: Selective use of cyclophosphamide in
pregnancy for severe autoimmune respiratory disease.
Thorax. 2016;71:667–668.

44. Noviani M, Wasserman S, Clowse MEB. Breastfeeding
in mothers with systemic lupus erythematosus. Lupus.
2016;25:973–979.

45. Bramham K, Chusney G, Lee J, Lightstone L, Nelson-
Piercy C. Breastfeeding and tacrolimus: Serial
monitoring in breast-fed and bottle-fed infants. Clin
J Am Soc Nephrol. 2013;8:563–567.

46. Youngstein T, Mason JC. Interleukin 6 targeting in
refractory Takayasu arteritis: Serial noninvasive
imaging is mandatory tomonitor efficacy. J Rheumatol.
2013;40:1941–1944.

47. Seyahi E. Takayasu arteritis: an update. Curr Opin
Rheumatol. 2017;29:51–56.

48. Yates M, Watts RA, Bajema IM, Cid MC, Crestani B,
Hauser T, et al. EULAR/ERA-EDTA
recommendations for the management of
ANCA-associated vasculitis. Ann Rheum Dis.
2016;75:1583–1594.

49. Pagnoux C, Guillevin L, French Vasculitis Study
Group, MAINRITSAN Investigators. Rituximab or
azathioprine maintenance in ANCA-associated
vasculitis. N Engl J Med. 2015;372:386–387.

50. Soh MC, Nelson-Piercy C. High-risk pregnancy and
the rheumatologist. Rheumatology (Oxford).
2015;54:572–587.

51. Flint J, Panchal S, Hurrell A, Van De Venne M,
GayedM, Schreiber K, et al. Guidelines BSR and BHPR

guideline on prescribing drugs in pregnancy and
breastfeeding – Part I: standard and biologic disease
modifying anti-rheumatic drugs and corticosteroids.
Rheumatology (Oxford). 2016;55:1693–1697.

52. Mahadevan U, Cucchiara S, Hyams JS, Steinwurz F,
Nuti F, Travis SPL, et al. The London Position
Statement of the World Congress of Gastroenterology
on Biological Therapy for IBD with the European
Crohn’s and Colitis Organisation: Pregnancy and
pediatrics. Am J Gastroenterol. 2011;106:214–223.

53. Comarmond C, Mirault T, Biard L, Nizard J,
Lambert M, Wechsler B, et al. Takayasu arteritis and
pregnancy. Arthritis Rheumatol. 2015;67:3262–3269.

54. Assad APL, da Silva TF, Bonfa E, Pereira RMR.
Maternal and neonatal outcomes in 89 patients with
Takayasu arteritis (TA): Comparison before and after
the TA diagnosis. J Rheumatol. 2015;42:1861–1864.

55. Singh N, Tyagi S, Tripathi R, Mala YM. Maternal and
fetal outcomes in pregnant women with Takayasu
aortoarteritis: Does optimally timed intervention in
women with renal artery involvement improve
pregnancy outcome? Taiwan J Obstet Gynecol.
2015;54:597–602.

56. Alpay-Kanitez N, Omma A, Erer B, Artim-Esen B,
Gül A, Inanç M, et al. Favourable pregnancy outcome
in Takayasu arteritis: A single-centre experience. Clin
Exp Rheumatol.;33(2 Suppl. 89):S–7–10.

57. Gatto M, Iaccarino L, Canova M, Zen M, Nalotto L,
Ramonda R, et al. Pregnancy and vasculitis:
A systematic review of the literature. Autoimmunity
Reviews. 2012;11:A447–59.

58. Fredi M, Lazzaroni MG, Tani C, Ramoni V, Gerosa M,
Inverardi F, et al. Systemic vasculitis and pregnancy:
A multicenter study on maternal and neonatal
outcome of 65 prospectively followed pregnancies.
Autoimmunity Reviews 2015;14: 686–691.

Chapter 14: Lupus and Vasculitis in Pregnancy

169
15

18:14:24



Chapter

15
Diabetic Nephropathy in Pregnancy
Andrew McCarthy

Introduction
With the increasing prevalence of type II diabetes, and
increased longevity, diabetes has become the most
common cause of end-stage renal disease in the
United Kingdom [1]. There is an increased rate of
progression to end-stage renal disease in the United
States, resulting in much higher numbers being on
renal replacement therapy than in the United
Kingdom. Approximately 20–30 percent of all
patients with type I diabetes progress to nephropathy,
and the incidence of nephropathy peaks 10–20 years
after diagnosis. While a smaller proportion of type II
diabetics will progress to renal failure than type I, they
will contribute most cases as a reflection of the
increasing prevalence of this condition. Genetic and
racial factors influence progression to end-stage renal
disease. Diabetic nephropathy is generally defined as
albuminuria > 300 mg in 24 hours in a patient with
diabetes in the absence of infection or other renal
disease.

Diabetic nephropathy is manifest histologically as
scattered sclerosis of glomeruli developing within
years of the diagnosis. The progression of histological
lesions from glomerular basement membrane thick-
ening, increased mesangial matrix and mesangial
expansion and progression to Kimmelstiel-Wilson
nodules has been reviewed [2] alongside the develop-
ment of arteriolar hyalinosis. Not all patients who
develop glomerular structural changes develop
nephropathy. Some patients progress to microalbu-
minuria (30–300 mg in 24 hours), marking a very
substantial increase in risk of progression, and this
may then be followed by overt nephropathy with
further increasing proteinuria, and subsequent
decline in renal function.

Microalbuminuria is the main predictor of
nephropathy, and management strategies for micro-
albuminuria have developed with similar principles to
diabetes care in general, and have been recently

reviewed [3]. Treatment-induced and spontaneous
remission of microalbuminuria can occur, and micro-
albuminuria marks the need for intensified treatment
strategies to halt disease progression, including opti-
mal glycemic control, control of blood pressure (the
goal of therapy is a blood pressure of < 130/80 mmHg,
American Diabetes Association (ADA [4]), blockade
of the renin-angiotensin system and management of
dyslipidemia [5]. Hypertension often manifests at the
time of development of microalbuminuria in patients
with type I diabetes.

Progression from micro- to macroalbuminuria
has varied widely in the many studies performed,
with estimates of 2.8 to 13 per 100 person-years.
The EURODIAB study suggests that 14 percent (two
per 100 person-years) of 352 patients with type
I diabetes with microalbuminuria will progress to
macroalbuminuria over seven years, and 51 percent
regressed to normoalbuminuria [6]. HbA1 c, albumin
excretion rate and body weight at baseline were asso-
ciated with progression. End-stage renal disease
develops in 50 percent of type I patients with overt
nephropathy within 10 years and in > 75 percent
within 20 years. The clinical and pathologic correla-
tions are outlined in the review of Kitzmiller and
Combs [7]. Long-termmorbidity due to hypertension
and cardiovascular risk, and end-stage renal disease
impact life expectancy once nephropathy has devel-
oped. Microalbuminuria has some limitations in pre-
dicting long-term disease and Currie et al. review the
development of other biomarkers to facilitate greater
prevention of disease progression [8].

As type II diabetes may be unrecognized for years
prior to diagnosis, microalbuminuria and nephropathy
may be present from a very early stage after presenta-
tion, and will progress as outlined earlier. A smaller
proportion of those with type II diabetes progress to
end-stage renal disease, and death from cardiovascular
disease is likely to precede progression in a substantial

16
18:14:34



number of cases. It is thought that approximately 8 per-
cent of renal failure in the diabetic population is due to
causes other than diabetic nephropathy, and hence
wider investigation may be required. Biopsy must be
considered if disease progression is atypical, especially
in the absence of retinopathy.

For a historical picture of the risk of complications
associated with diabetic nephropathy in pregnancy, it
is chastening to review the original publications of
White that led to the clinical classification of women
with diabetes in pregnancy [9, 10]. In a paper pub-
lished in 1945, White refers to fetal mortality rates of
30 to 60 percent, the range depending on inclusion of
early pregnancy loss. She describes a series of 181
consecutive women with diabetes managed personally
between 1936 and 1944, resulting in one maternal
death, and 29 fetal deaths. It is clear from the discus-
sion that these loss rates are vastly better than her
peers at the time. Subsequent publication in 1949
[10] reveals an 18 percent fetal mortality among 439
women with diabetes, excluding first-trimester loss.

Epidemiology
Nephropathy is defined in different ways in the pub-
lished literature in pregnancy, some using 300 mg of
protein excretion in 24 hours, others a 500 mg cut-off,
assessed in the first half of pregnancy. Urinary albu-
min excretion before pregnancy and early in gestation
has been studied by Ekbom et al. and shown to be
comparable [11].

The Confidential Enquiry intoMaternal and Child
Health (CEMACH) [12] study in the United Kingdom
gives a picture of how pregnancy is affected by dia-
betes: 73 percent of those with preexisting diabetes
had type I diabetes, and 27 percent had type II.
The latter group were more likely to be socially dis-
advantaged, older and multiparous and to belong to
ethnic minority communities. In general, this popula-
tion is at high risk of pregnancy-related complications
with increased risks of preterm delivery (36 percent),
caesarean section (67 percent), stillbirth (relative risk,
RR, 5) and perinatal mortality (RR, 3), and it has
a twofold increased risk of congenital abnormality
compared with the general population.

Diabetes encapsulates all the arguments for pre-
conceptual care and this is emphasized in a recent
Cochrane review [13], which reported that precon-
ceptual care was effective in reducing congenital
abnormalities, preterm delivery and perinatal

mortality. Overall management of complications
relating to diabetes in pregnancy has been reviewed
elsewhere [14, 15], and this chapter focuses on the
risks attributable to diabetic nephropathy specifically.

A recent UK population study suggests risk of
congenital abnormality may be increased in patients
with diabetic nephropathy [16] in addition to those
associated with poor glycemic control, and this area
needs further scrutiny. Klemetti et al. [17] describe an
overall rate of congenital abnormality of 9.5 percent in
a retrospective cohort of women with diabetic
nephropathy. Overall improvements in blood glucose
control were achieved within pregnancy, and it is
interesting to speculate whether this rate could be
reduced if the same intensity of care was provided
prior to pregnancy.

Nephropathy is reported to complicate between 5
and 10 percent of pregnancies of women with preexist-
ing diabetes. It has traditionally been associated with
increased risks of preterm delivery, preeclampsia and
general maternal morbidity. The risk of nephropathy
may depend on which form of diabetes a woman suf-
fers. In a separate subset of the CEMACH inquiry [12],
8 percent of women with type I diabetes had nephro-
pathy, and 5 percent of women with type II. Damm
et al. [18] more recently demonstrate a lower incidence
of nephropathy in diabetic mothers, and comparable
rates in type 1 and type II diabetes, 2.5 percent and
2.3 percent. A recent large retrospective review from
Klemetti et al. [17] revealed an incidence of nephro-
pathy in type I diabetic pregnancy of 14.7 percent up to
1999, and 6.5 percent in 2000–2011, suggestive of
improvements in disease prevention.

It has always been a matter of great concern that
pregnancy might exacerbate underlying nephropathy.
There is general agreement that glomerular hyperfil-
tration contributes to progression of diabetic nephro-
pathy, and if increased glomerular capillary pressure
is present in pregnancy and not just increased renal
blood flow, then there could be a subsequent loss of
function. Glomerular filtration rate (GFR) increases
by 50 percent in pregnancy and theoretically this
could therefore increase the rate of progression of
underlying nephropathy if accompanied by elevated
intraglomerular pressure. The development of hyper-
tension during pregnancy could also have
a deleterious effect, as could increased protein intake,
and any acute complication associated with a prerenal
insult. The degree of glycemic control can also affect
GFR and proteinuria.
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Angiotensin-Converting Enzyme (ACE)
Inhibitors
Medication exposure is covered in Chapter 7.
However, there are specific issues relating to ACE
inhibition in diabetic nephropathy. It has been
demonstrated that ACE inhibition is associated with
a 50 percent reduction in risk of death, dialysis and
transplantation in patients with diabetic nephropathy
[19], and it confers significant benefit in the absence
of hypertension. These benefits are clearly very sub-
stantial and strategies of care around the time of
conception must minimize the loss of such benefits.

Hod et al. [20] studied eight women with normo-
tensive insulin-dependent diabetes with confirmed
nephropathy (> 500 mg per day). The women took
captopril, and vigorously pursued optimal blood
sugar control, until a missed period followed by
a positive pregnancy test. All patients had significantly
lower urinary protein at conception following their
captopril treatment (reduced from 1,633±666, to
273±146 mg daily), but then experienced increased
protein excretion during the pregnancy, but not to
pre-captopril levels. Postpartum, the level of protein
excretion was still below the pretreatment levels. This
study may be consistent with a sustained benefit of
ACE inhibition prepregnancy, or markedly improved
glycemic control. Glycemic control clearly has the
potential to affect the development of nephropathy
(Diabetes Control and Complications Trial Research
Group) [21] and will have been an important influ-
ence in parallel with ACE inhibition.

Bar et al. [22] reported on a series of cases of 24
women with diabetic nephropathy treated with an
ACE inhibitor until the first positive pregnancy test.
In all patients in this study, the intensive prepreg-
nancy regime resulted in a reduction in proteinuria
to a range of 10 to 450 mg/day at conception, with
sustained reduction in proteinuria during pregnancy.

Cooper et al. [23] in 2006 in the nondiabetic
population reported a possible two- to threefold
increase in the risk of congenital malformation in
those exposed to ACE inhibitors in the first trimester.
This was in contrast with a prior lack of substantive
evidence of teratogenicity in the first trimester (for
review, see How and Sibai) [24]. This prompted con-
cern of a possibility of an even greater effect in the
diabetic population, and hence considerable caution
was then advised with prescribing of ACE inhibition
in diabetic women of childbearing age. In the years

following this paper, a number of important studies
were published examining the effect of ACE inhibi-
tion and angiotensin receptor blockers (ARBs) in
pregnancy. The study of Li et al. [25], and the review
of Polifka [26], address many of the concerns of the
Cooper study. The overall conclusion from these
papers is that it is likely any increased congenital
abnormality rate following exposure is explained by
the effects of other maternal factors that typically
coexist in this population, including the effects of
hypertension itself.

The paper of Porta et al. [27] in 2011 provides
evidence that strategies to continue such treatment
(in this case candesartan) into early in the first trime-
ster are relatively safe and not associated with adverse
outcome specifically in a diabetic population. This is
a prospective randomized study that provides power-
ful evidence that continuing treatment with these
agents up to eight weeks’ gestation is justified, and
therefore policies of continuing such treatment until
conception in diabetic nephropathic women who are
planning pregnancy are reasonable.

Tenant et al. [28] have described overall loss rates
due to stillbirth and infant death in the diabetic popu-
lation, and in response to this paper Lewis and
Maxwell [29] put forward the arguments for conti-
nuation of ACE inhibition and ARBs in this patient
population in the hope that overall outcomes will be
improved. The correspondence emphasizes the need
for bigger trials prior to reaching comfort on this
issue. The wider issue of fetal effects of ACE inhibition
and ARBs is covered in the review of Bullo et al. [30].

It is not known if teratogenic risk due to this
class of drug may be even greater in the diabetic
group. However, the potential benefits are substan-
tial and potentially lifesaving. Clearly strategies
must be employed on an individual basis to max-
imize the potential benefits and to reduce risk. Such
strategies may vary depending on background fer-
tility, severity of nephropathy and comorbidities,
and may entail cessation of ACE inhibition prior
to attempts at conception, or a policy of regular
pregnancy testing (in the presence of regular
menses) with immediate cessation of treatment
upon diagnosis of pregnancy. The recent data post
Cooper suggest that such policies are reasonable,
but one should be cautious to ensure that patients
understand the wider issues and are capable of
monitoring menstrual pattern with a view to ceas-
ing treatment before eight weeks of gestation.
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Levels of Comorbidity
There are few data on levels of comorbidity in the
pregnant diabetic nephropathic population.
Retinopathy is often described, and the proportion
of women with hypertension varies as shown in
Table 15.1. Few of the studies make reference to
comorbidities such as thromboembolic events or car-
diac disease. The data on diabetic nephropathy are
weighted toward milder degrees of renal impairment
and there will be a clear aversion to pregnancy for
those with serious comorbidities. Cardiovascular
comorbidity is more frequently mentioned in studies
of follow-up following pregnancy. Assessment of risk
of coronary artery disease has been studied in this
population in other contexts, and Manske et al. [38]
found that there was a very low level of significant
coronary disease where the patient was younger than
45, duration of diabetes less than 25 years, and no ST-
T wave changes appeared on ECG.

Barak and Miodovnik [39] review the case reports
of coronary events in pregnant diabetic women. They

describe 20 cases between 1953 and 1998 who suffered
a coronary event around the time of pregnancy. Of the
13 women who suffered an event during pregnancy or
in the puerperium, 7 mothers and 7 infants died.
These figures are largely historical, but nonetheless
serve to define the natural history of such an event.
Major changes in the treatment of coronary events
have occurred since the majority of these case reports,
but thrombolysis would still pose difficult issues in the
perinatal period. The study of Klemetti [17] describes
2 of 65 patients in their pre-2000 cohort as having
a history of myocardial infarction. The issue of
ischemic heart disease in pregnancy more recently is
addressed in the review of Hawthorne [14], and
recommendations on management made with refer-
ence to stenting and mode and timing of delivery
following an acute event.

It is clear from Table 15.1 that the literature is
weakened by some lack of clarity of the patient popula-
tion with varying reporting of hypertension, nephrotic
range proteinuria and degree of renal failure. There is

Table 15.1 Characteristics of patient populations with diabetic nephropathy

Author/
Pregnancies

Year/Country % with
nephropathy

% of
nephropaths
with
hypertension

% with
nephrotic
range
proteinuria

% with
Creatinine >
125 umol/l

Klemetti [17]
108

1988–1999 (65)
Finland

14.7 61

2000–2011(43) 6.5 65

Khoury [31]
72

2002
United States

Unclear 60% 13%

Ekbom [11]
11

2001
Denmark

5% 55%

Bar [32]
24

2000
Israel

All 46% All 0

Reece [33]
315

1998
Review

42%

Gordon [34]
49

1996
United States

12% 27% 13% 7%

Mackie [35]
24

1996
United
Kingdom

9% 17% 13% 21%

Miodovnik [36]
46

1996
United States

25% 41%

Purdy [37]
14

1996
United States

NA 82% 18% All
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a clear paucity of data from prospective studies, parti-
cularly in those with more severe disease, which char-
acterize the aforementioned features prepregnancy.

Screening for Comorbidity
An ECG should be performed in early pregnancy in
this population. Assessment of cardiovascular and
thromboembolic risk should be made. Relevant risk
factors would include family or personal history of
cardiac or thromboembolic disease, hypertension,
raised body mass index (BMI), a history of smoking
and degree of urinary protein leakage.

Klemetti [40] examined long-term trends in base-
line blood pressure in pregnant women with type 1
diabetes without nephropathy and found an increase
over recent decades in parallel with prepregnancy
BMI. The same group in a more recent publication
[17] describes the rate of smoking at 26–28 percent,
and the prevalence of proliferative retinopathy at
50–65 percent with the higher rate reflecting more
recent experience in women with type 1 diabetes
with nephropathy. Yogev in 2010 [41] examined
a cohort of 46 women with type I diabetes and
nephropathy to determine which parameters may be
associated with a greater risk of complications during
pregnancy, and found BMI to be the only factor asso-
ciated with greater risk of complicated pregnancy.
This paper, as with other single-center studies con-
fined to a nephropathic population, may be under-
powered to definitively exclude other influences.

There are no specific data on thromboembolic risk
in this group of pregnant women. Nonetheless
a strategy to prevent thromboembolism needs to be
employed. It would seem reasonable to suggest that all
women with nephrotic range proteinuria receive low-
molecular-weight heparin (LMWH) prophylaxis
throughout pregnancy. Other women with more
minor degrees of proteinuria should receive LMWH
if other risk factors are present. The dose of LMWH
employed will depend on degree of renal impairment.

Problems in Pregnancy
These data are summarized in Table 15.2. A number
of recent helpful reviews have been published includ-
ing Piccoli [48], Bramham [49] and Landon [50].
The following comments apply to complications
from mid-trimester onward as most studies have
excluded first-trimester complications. Reviews of
diabetic nephropathy in pregnancy continue to

emphasize the problems with this literature, almost
invariably retrospective in nature, covering experience
in single-site centers of excellence over decades, and still
with relatively small numbers of patients. The situation
is further complicated by the fact that level of glycemic
control is a major determinant of outcome in such
pregnancies. Furthermore the diabetic population is
continuously changing, both in demography (increasing
proportions of type II), and in exposure to treatments
such as ACE inhibition. With reference to diabetic
nephropathy, it is not possible to subdivide the data
available according to prepregnancy treatment with
ACE inhibition (approximately 60 percent in the study
of Klemetti [17]), and a proportion of the published
experience predates use of ACE inhibition.
Summation of the data in such reviews give a picture
of the relevant population, late twenties in age, with
diabetes of 18 years’ duration, and a mean age at onset
of 12 years [33].

Caesarean rates are universally high, reflecting
high degrees of intervention in such pregnancies,
and possibly uncertainty regarding fetal status faced
with the dual threats of renal impairment and dia-
betes, often in the presence of superimposed pree-
clampsia. The study of Klemetti [17] describes
a move away from elective caesarean in more recent
years, but resulting in a higher emergency caesarean
rate, and no change in overall rate. Gestational age at
delivery reflects the same concerns. Definitions of
fetal growth restriction (FGR) are generally centile
based, but caution is required with the confounding
influences of diabetes and vascular disease [43]. There
are strong arguments for regular ultrasound surveil-
lance every two weeks, and more frequently in the
presence of any acute concern. Perinatal loss rates
vary from 0–10 percent, and the figures in the study
of Klemetti [17] are likely to be representative at
approximately 5 percent. Such figures are often
viewed with optimism, but any perinatal loss in the
context of such a high-risk pregnancy is clearly extre-
mely disappointing. It is a double disaster for
a woman with diabetic nephropathy to potentially
compromise her long-term health and survival, and
not achieve a healthy surviving infant.

Hypertension
There are good recent reviews of the issue of
hypertension in diabetic pregnancy, which exam-
ine prevalence of hypertensive complications and
also their ability to predict some long-term
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cardiovascular complications [51, 52, 53].
The paper of Jensen et al. [54] demonstrates that
in women with type 1 diabetes with microalbumi-
nuria (specifically excluding nephropathy) the inci-
dence of preeclampsia is increased fourfold.

Mathiesen [55] reviews the issue of hypertension
with specific reference to diabetic nephropathy,
and more recently with reference to temporal
changes in blood pressure management and preg-
nancy outcome [56].

Table 15.2 Complications of pregnancy affected by diabetic nephropathy

Authors Year N Caesarean
section%

Mean
gestational
age (wks)

Prematurity N
W = weeks

FGR Perinatal
death% (n)

Klemetti [17] 100 36 77 4.6

Pre 2000 21 percent < 32 w (3)

Klemetti [17] 92 35 70 4.7

Post 2000 14 percent < 32 w (2)

Damm [18] 11 91 36 27 percent < 34
weeks

36 percent (1)

2013

Type I

Damm [18] 5 60 36 40 percent < 34
weeks

40 percent

2013

Type II

Nielsen [42] 7 36 29 percent 0

2009

Howarth [43] 28 90 36 OR6

2007*

Bagg [44] 24 83 36

2003

Khoury [16] 72 68 35 13 percent < 32 w 4 percent

2002 (3)

Rossing [45] 31 39 37 10 percent

2002 (3)

Ekbom [11] 11 45 percent before
34 w

0

2001

Bar [32] 24 62 17 percent < 37 w 21 percent 4 percent

2000 (1)

Biesenbach [46] 14 50 34 64 percent 36 percent

1999 (5)

Dunne [47] 21 90 34 14 percent 10 percent

1999 (2)

Reece [33] 315 74 22 percent < 34 w 15 percent 5 percent

1998**

N = number of pregnancies.
* Howarth et al. includes some women with hypertension but not nephropathy.

** Review article of papers from the 1980s and 1990s.
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Carr et al. [57] address the issue of hypertensive
control in pregnancy affected by diabetic nephropa-
thy. This was a retrospective study that identified two
groups, one achieving a target blood pressure of mean
arterial pressure of less than 100 mmHg, and another
group failing to meet the target. Approximately
10 percent of the diabetic population in this study
were deemed nephropathic. There was no difference
in age or duration of diabetes between the two groups.
The group with above-target control had greater urin-
ary protein excretion and higher creatinine.
Suboptimal control was associated with
a significantly increased risk of delivering early i.e.
less than 32 weeks’ gestation, even after adjustment
for blood glucose control and duration of diabetes.

The study of Carr et al. provides some specific data
on hemodynamic measurement in pregnancy with
diabetic nephropathy. Blood pressure and cardiac
output were higher than expected, and total periph-
eral resistance elevated in the group with above-target
blood pressure. The authors conclude that long-
standing hypertension is likely to be more severe,
characterized by vasoconstriction, and that treatment
regimens should include vasodilators. The issue of
target blood pressure is also addressed in the review
of Kitzmiller and Combs, where they express
a preference for blood pressure in the range of
120–130 / 80–85 mmHg [7]. The wider issue of target
blood pressure control in a hypertensive (long-term
and gestational) population has been addressed in the
Control of Hypertension in Pregnancy Study (CHIPS)
[58] (see Chapter 8). This study examined outcome in
two groups, one with a target diastolic blood pressure
of 85 mmHg, while the less well-controlled group had
a target diastolic of 100 mmHg. There were no dele-
terious effects of more rigid control, and there were
less severe degrees of hypertension in the tightly con-
trolled group. One cannot necessarily extrapolate the
findings of this study to the diabetic nephropathic
population, but it provides support for tighter control
in these patients. The paper of Nielsen [42] would
support the view that such management is associated
with good outcomes, and may be an improvement on
management with less effective blood pressure con-
trol. This topic is reviewed again by Mathiesen [56]
and strong evidence presented to support a target of
less than 130/80 mmHg.

Sibai et al. [59] report data on a large number of
women with type I diabetes. The risk of preeclampsia
increases with increasing white classification of

diabetes, attaining a 36 percent risk in those with
retinopathy or nephropathy, in comparison with an
overall rate of 20 percent. Proteinuria at baseline,
hypertension and nulliparity also predicted pree-
clampsia. The difficulty in diagnosing preeclampsia
in a population with diabetic nephropathy is likely to
be a significant factor explaining the varying rates of
preeclampsia. The rate of diagnosis of preeclampsia is
40–60 percent in various studies, and more recently
Klemetti describes a rate of 52 percent pre 2000, and
42 percent post 2000 [17]. The incidence of pree-
clampsia has been the subject of a separate review by
Sibai [60]. In his review of seven publications there
were 333 women with diabetic nephropathy, with an
overall incidence of preeclampsia of 51 percent (range
35 percent–66 percent). The use of low-dose aspirin to
prevent preeclampsia has not been adequately studied
in this population, with the study of Caritis et al. [61]
failing to show any benefit. Many clinicians would be
reluctant to omit aspirin prophylaxis, however, given
the vulnerability of this patient group to early-onset
disease. Arguments for advising low-dose aspirin in
such pregnancies include the potential to prevent
mid-trimester preeclampsia, modest protection
against thromboembolism in a high-risk group and
prevention of coronary events.

Proteinuria
Once pregnant, women with nephropathy do not
always adapt to pregnancy as do their controls with
50 percent increases in renal blood flow and glomer-
ular filtration rate. Some will demonstrate the normal
physiological rise in GFR, some will remain
unchanged and in some a decrement will be noted
[7]. As mentioned in that review, it is difficult to tease
out the decline in function in pregnancy from the
natural history of the condition with falls in GFR of
10–12mls per min per year.

Urinary protein is recognized to generally increase
during the course of pregnancy in women with dia-
betic nephropathy. The study of Hod et al. [20]
referred to earlier shows the progression of level of
proteinuria in a subset of women with diabetes in the
different trimesters and postnatally. Proteinuria can
be substantial, but normally resolves following deliv-
ery. Much of the proteinuria must be caused by the
hyperfiltration of pregnancy as it resolves reasonably
consistently following delivery. Transient deteriora-
tion can of course arise as a result of superimposed
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preeclampsia. The greatest clinical concern arises
from any subsequent fall in plasma oncotic pressure,
with risk of pulmonary edema. Diuretic treatment
may be required in such situations even though con-
ceptually unattractive due to the potential to further
reduce intravascular volume in compromised preg-
nancies. Patterns of weight gain in these pregnancies
have not been described.

Urinary protein excretion was summarized in the
review of Star and Carpenter in 1998 that evaluated
nine studies [62]. Mean protein excretion was typi-
cally between one and three grams at baseline, but
increased to between four and eight grams in the third
trimester. This frequently fell postpartum, but not
always to baseline values. It is unclear if those with
persistently high levels postpartum were a reflection
of a short follow-up period, or disease progression, or
deterioration secondary to pregnancy. Klemetti et al.
[17] also describe range of proteinuria with similar
results to those quoted earlier, and median third-
trimester protein excretion of 9.6 grams, emphasizing
the vulnerability of this patient group to hypoalbumi-
nemia and pulmonary edema.

Preterm Delivery
Rates of preterm delivery for this group must be
compared with the diabetic population as a whole.
These data are available from Sibai et al. [63] and
fromCEMACH [12]. Sibai breaks down rates of deliv-
ery as a result of spontaneous labor (16 percent at < 37
weeks, 9 percent at < 35 weeks), and from indicated
delivery such as preeclampsia or FGR (22 percent at <
37 weeks, 7 percent at < 35 weeks). Steroids should
generally be prescribed prior to 34 weeks albeit with
caution i.e. with monitoring of the blood glucose
response, urinary ketones and a temporary increase
in insulin treatment as required. There is currently no
consensus on use of steroids between 34 and 37 weeks,
so any potential benefit has to be balanced against the
disadvantage of loss of metabolic control. The greatest
argument for steroids in this situation can be made
when elective caesarean delivery is considered.

It is clear from many of the studies [34, 35] that
those patients who enter pregnancy with the greatest
impairment of renal function are most at risk of very
preterm delivery, though mean gestational ages in all
studies suggest most babies would be expected to do
well, especially with current advances in management
of neonatal lung disease. Many of the studies in this
area are performed over a substantial time span, and

many of the papers mentioned in this review include
patients, and therefore preterm babies born in the
early 1980s. Neonatal management has improved
hugely over this time. While this may reassure us
that the outcome should be substantially improved,
it is also possible that thresholds for delivery have
been moved forward to “protect renal function” or
to improve overall perinatal survival. Influences likely
to result in elective preterm delivery include concern
about loss of renal function, presence of preeclampsia,
or concern about risk of stillbirth. Amniocentesis may
help provide reassurance about fetal lung maturity,
while simultaneously assessing fetal status [64].
The latter method of assessment has yet to achieve
widespread acceptance.

Factors Relating to Perinatal Outcome
Pregnancies complicated by diabetic nephropathy
carry the added burdens of increased risk of congeni-
tal malformation, stillbirth andmetabolic disturbance
in comparison to other forms of renal disease in
pregnancy. The literature in this area is more focused
on those risks that arise as a result of the impaired
renal function, as it is this that sets these women apart
from the main diabetic population.

Khoury et al. [31] describe the problems inherent
in calculating risks of complications in pregnancy
with diabetic nephropathy, and they estimate that to
assess an association between severity of diabetic
nephropathy and perinatal death, a study of 850 preg-
nancies would be required. Ekbom et al. [11] have
examined diabetic pregnancy with a range of urinary
albumin excretion. Though the numbers of patients
with nephropathy are low (n = 11), there is a clear
association of increasing severity of urinary albumin
excretion at baseline and preterm delivery due to
preeclampsia (but not preterm delivery due to other
causes). Lauenborg et al. [65] examined the character-
istics of women with diabetes that increased risk of
stillbirth across three tertiary centers in Denmark
over a 10-year period. Twenty-seven percent of
women with stillbirths suffered from diabetic nephro-
pathy, as opposed to 5 percent overall in the reference
group.

The CEMACH study [12] used a composite of
poor clinical outcome (major anomaly at any gesta-
tion, intrauterine death from 20 weeks and any death
up to 28 days after delivery). The odds ratio for such
an outcomewas 2.0 in the nephropathy group (95 per-
cent CI 1.0, 4.2). Excluding congenital anomalies, the
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adjusted odds ratio for such a poor outcome was 2.6
(95 percent CI 1.1, 6.1). Haeri [66] examined the
relationship of nephropathy to intrauterine growth
restriction (IUGR) confirming this association, and
this is further clarified in the study of Howarth et al.
[43] demonstrating a bimodal distribution of custo-
mized birth weight centiles.

Salvesen et al. [67] examined fetal well-being in
a group of six fetuses where the mothers suffered
diabetic nephropathy. Cordocentesis demonstrated
that these fetuses were hypoxemic and acidemic in
the absence of abnormal blood flow studies. This
implies the lack of a placental cause, and may reflect
wider metabolic disturbance. It emphasizes the diffi-
culty in being confident regarding fetal outcome even
in the presence of normal ultrasound assessment. This
difficulty is compounded by the lack of data regarding
background risks of placental abruption. It is likely
that management of pregnancy in women with dia-
betic nephropathy will always involve some conflict
between stillbirth risk and neonatal morbidity as
obstetricians struggle to decide on timing of delivery.

Long-Term Prognosis

• Mother
Amajor issue for womenwith diabetic nephropathy is
the risk of a permanent deterioration in renal function
attributable to pregnancy, bringing forward the need
for renal replacement therapy. There are good reasons
why pregnancymay increase the risk of progression of
nephropathy, including increasing glomerular hyper-
filtration and the risk of development of hypertension.
Studies in this area have suffered from small numbers,
changing outcome for progression of renal disease
due to advances in management, and lack of appro-
priate control groups. Most studies have found no
effect of pregnancy on rate of decline in renal func-
tion. The studies are summarized in Table 15.3. There
is very wide variation in the follow-up periods
reported in such studies, making the data on progres-
sion to end-stage renal failure extremely difficult to
interpret. These studies focus exclusively on renal
outcome, and there is no formal assessment of the
effect of pregnancy/preeclampsia on long-term risk of
a cardiovascular event in this high-risk group.
The study of Gordin et al. [69] adds weight to the
general concern that women who suffer from pree-
clampsia are at greater risk of long-term cardiovascu-
lar morbidity. In this study women with type

I diabetes and a history of preeclampsia had a higher
frequency of diabetic nephropathy at follow-up
(41.9 percent versus 8.9 percent), were more likely to
be on an antihypertensive treatment (50.0 percent
versus 9.8 percent) and were more likely to have
coronary artery disease (12.2 percent versus
2.2 percent).

The studies specifically in diabetic nephropathy
tend to be retrospective cohort studies, though two
major prospective cohort studies in diabetic pregnancy
in general provide complementary information.

• Retrospective
The data on end-stage renal disease and maternal
death in the review of Reece [33] reflect approximately
three years of follow-up. The duration of follow-up in
the different studies varies, and appears to be largely
opportunistic. Biesenbach et al. [46] studied 14 preg-
nancies in 12 women. All these women had preexist-
ing hypertension. They subdivided pregnancies into
those that had a physiological increase in creatinine
clearance in early pregnancy, and those in whom it
declined. This results in small numbers, in which the
latter group is associated with longer duration of
diabetes, greater proteinuria and worse renal function
prior to conception. In six pregnancies there was an
improvement in creatinine clearance of 36 percent up
to 24 weeks. In another eight pregnancies it decreased
by 16 percent over the same early period. In the latter
group the deterioration in function persisted postpar-
tum. In the group with a decline in renal function
there was a greater increase in proteinuria during
pregnancy, and more marked hypertension. In this
study, seven out of eight women in the poor-
prognosis group had a preconceptual creatinine clear-
ance of < 70 ml/min, while all the women with
a physiological increase in creatinine clearance had
a clearance of > 70 ml/min. The groups in this study
did not differ in metabolic control as demonstrated by
HbA1c.

Gordon et al. in 1996 also found cause for
concern related to severity and progression of
renal impairment [34]. Women were categorized
according to degree of renal impairment, and no
difference in degree of change in the three groups
was noted. It is noteworthy that the three women
with the worst renal impairment progressed to
transplantation after the pregnancy i.e. at intervals
of 8, 15, and 41 months after delivery (no control
data). Most of their population demonstrated
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nephrotic-range proteinuria by the third trimester.
At postnatal follow-up, mean creatinine clearance
had decreased, but proteinuria was unchanged
from early pregnancy measurement. The fall in
creatinine clearance in ml/minute per year and
the percent decline in creatinine clearance
per year were assessed. Individuals entering preg-
nancy with proteinuria in excess of 1 g, and
a creatinine clearance of less than 90 mls/minute
fared worse by both criteria. The difference was not
explained by mean HbA1c, mean arterial blood
pressure or use of ACE inhibitor.

Purdy et al. [37] examined a group with poor renal
function, all with a creatinine of 124 μmol/L or more.

They examined reciprocal of creatinine plots over
time, but there is a clear paucity of data prior to the
index pregnancies. Furthermore, there is a lack of
clarity about inclusion criteria for the study.
Nonetheless, the rate of progression of disease in
this group with poor function is of concern.

Rossing et al. [45] evaluated the effect of preg-
nancy on renal function in women with diabetic
nephropathy. They found no adverse effect compared
with a control group of women with nephropathy but
no pregnancies. No further details are given regarding
the control group, raising the possibility that other
comorbidities may have been present and sufficient to
deter women from pregnancy. The study group did

Table 15.3 Studies examining the effect of pregnancy on progression of renal disease

Authors Year N Decline in
function

Mortality End-stage renal
failure

Young [68] 2011 11 NS NS

Brazil

Bagg [44] 2003 14 NS 36 percent

New Zealand

Rossing [45] 2002 26 NS 35 percent 19 percent

Denmark Mean follow up
16 years

Bar [32] 2000 24 None

Israel

Biesenbach [46] 1999 12 Yes 0

Austria

Dunne [47] 1999 18 No 0 1

United Kingdom

Reece [33] 1998 315 No 5 percent (mean
35 months)

17 percent (mean 33
months)Review

Gordon [34] 1996 45 Yes 3 (6 percent)

United States

Mackie [35] 1996 24 No 0 4 (17 percent)

United Kingdom

Miodovnik [36] 1996 56 No 1 26 percent at six years

United States Or 5*

Purdy [37] 1996 11 Yes 63 percent at two to
three yearsUnited States

* dependent on duration of follow-up

N = number of pregnancies
NS = no significant difference
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have a shorter duration of diabetes, but earlier onset
of nephropathy. The pregnancy rate prior to the onset
of nephropathy (similar in both groups) argues
against any bias due to possible comorbidities.

Data in this study give a sense of the proportion of
women who proceed to die prematurely, with 9 out of
26 dead at the end of the follow-up period. Half of
these deaths were from cardiovascular disease and
between 50 percent and 60 percent were smoking at
the time of diagnosis of nephropathy. At the end of
the follow-up period, 65 percent of the pregnant
group and 53 percent of the nonpregnant group
were still alive and without end-stage renal disease.
In the review of Klemetti [17], 12 women out of 108
had died by the end of 2013 (25 years from first
pregnancies recorded).

Bagg et al. [44] provide similar data from women
managed from 1985 to 2000. Their study of 24 preg-
nancies in 14 women found at a median follow-up of
six years postpartum, five (36 percent) had begun
dialysis. Four had proliferative retinopathy (one
blind), three had ischemic heart disease, three had
stroke and two had peripheral vascular disease.

Bar et al. [32] found no deterioration in serum
creatinine, or creatinine clearance, in their group of
24 women with diabetic nephropathy. Mackie et al.
[35] plotted inverse creatinine over the long term in
subjects with renal impairment and demonstrated
a lack of any effect of pregnancy on long-term decline
in renal function. More recently, the study of Young
et al. would appear to confirm a good outcome where
renal function does not fall in the moderately or
severely impaired group [68].

• Studies on Parity
Miodovnik et al. [36] stratified the risk of develop-
ing nephropathy by parity using life-table analysis
and showed no significant effects. They also exam-
ined the rate of decline in creatinine clearance and
found no effect of pregnancy (decreasing at an
annual rate of 8-10mls/min). No effect of parity
on risk of end-stage renal disease was seen.
Interestingly, the only factor that made progression
to end-stage disease among the group with nephro-
pathy more likely was black race. Retinopathy,
development of hypertension in the pregnancy,
development of nephrotic range proteinuria during
the pregnancy or glycohemoglobin did not predict
progression, though the study was not necessarily
powered to address these issues specifically. While

this study is reassuring, there was no nulliparous
control group.

• Prospective Cohort Studies
The Diabetes Control and Complications Trial Group
[70] allowed intensification of blood glucose control
for pregnancy, and included 86 women (135 pregnan-
cies) in the conventional treatment group and 94 (135
pregnancies) in the intensive treatment group. There
was no difference in the rate of development of micro-
albuminuria as a result of pregnancy, though some
increases in albumin excretion rate were noted in
relation to pregnancy.

The EURODIAB prospective complications study
[71] examined risk factors for progression to nephro-
pathy in a group of 425 childless diabetic women, and
found that while HbA1c was a significant predictor of
progression to microalbuminuria, pregnancy was not
(102 gave birth in the study period). This applied to
both the nulliparous and multiparous populations.
In the same study, while duration of diabetes and
HbA1c were predictive of retinopathy, pregnancy
again was not. The study examined risk of neuropathy
in addition to nephropathy and retinopathy and
found that pregnancy was not a risk factor for the
development or progression of any diabetic
complication.

Some work has been published examining the
relationship of pregnancy complications to subse-
quent morbidity in the diabetic population. Gordin
[53] in follow-up of diabetic pregnancy in general,
demonstrated that preeclampsia but not pregnancy-
induced hypertension predicts subsequent develop-
ment of diabetic nephropathy. Subsequently the
same group showed [72] the predictive value of hyper-
tensive complications in diabetic pregnancy for severe
retinopathy. Sandvik in 2010 [73] similarly demon-
strated the predictive value of preterm preeclampsia
for end-stage renal disease in women with preexisting
diabetes.

Neonate/Fetal
The data on neonatal outcome are limited. In the
study of Bar et al. [22], there were two severely handi-
capped infants, both seemingly as a result of shoulder
dystocia despite a caesarean rate of 62 percent. All
other survivors to two years of age were free of dis-
ability. Reece et al. [33] in an earlier review provide
data from three previous studies where the incidence
of psychomotor impairment was 5.5 percent,
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3.7 percent, and 9 percent, i.e. an overall incidence of
6 percent. The studies in question were published in
1981, 1988, and 1995, and one may therefore question
their relevance today. However, it is the later study in
1995 that quotes the highest incidence. Mackie et al.
[35] report that one baby delivered at 27 weeks went
on to have cerebral palsy. As with the other studies,
there was no formal neurodevelopmental follow-up of
the infants involved. Khalil in 2010 [74] demonstrated
decreased functional renal reserve in offspring of dia-
betic mothers, though not specifically those with
nephropathy.

Omissions
There are clearly areas of clinical practice that are not
addressed by the current literature. The world litera-
ture may be from very varied health care systems, with
varying incidences of type II diabetes, access to health
care and altered rate of progression of long-term
complications, possibly with racial differences. There
are few data on first-trimester complications, comor-
bidities and the potential impact of ACE inhibition
prepregnancy, and the literature may not reflect the
increasing proportion of women with type II diabetes.

Some guidance needs to be given about the reasons
to advise against pregnancy. These would include evi-
dence of untreated coronary artery disease, severity of
cardiac disease, uncontrolled hypertension and prolif-
erative retinopathy not in remission. Women with
more severe renal impairment may be better served
by assessment for transplantation, and consideration
of pregnancy afterward, age allowing, or have discus-
sion about intensive dialysis strategies (see Chapter 10).

Summary
The literature reviewed in this chapter spans
a number of decades of experience. During this time
there have been notable advances in diabetes and
renal care. It is likely that the vast majority of
women with diabetic nephropathy can consider
a pregnancy without any threat to their long-term
disease progression. There is a risk that those with
the most severe disease may experience a significant
deterioration in renal function, and ultimately, end-
stage renal failure. The same patients will be most at
risk of an adverse outcome to pregnancy, thoughmost
pregnancies will be successful. Caesarean delivery is
likely and many deliveries are prior to full term as
a result of preeclampsia. The demography of this

population is changing continuously, and current
cohorts of women may well have an improved out-
come largely due to ACE inhibition and statins.
The literature to date largely reflects experience with
type I diabetes, and it is likely that type II diabetes will
become more common in future.

In contemplating a pregnancy, women with dia-
betic nephropathy have to consider the dual risks of
diabetes and their impaired renal function to
a pregnancy. Furthermore, they need advice on the
potential for such a pregnancy to further compromise
their renal function. They will need to make
a considered long-term judgment of the risks
involved, which requires that they are well informed
about their prognosis, even in the absence of preg-
nancy. It is most appropriate if this information is
presented to them remote from pregnancy, emphasiz-
ing the importance of prepregnancy counseling.
Given the pivotal role of control of blood glucose
and hypertension, it may be that a series of visits
reflecting an intensification of care is appropriate
rather than a single preconceptual visit.

Management Box

Ensure informed decision about pregnancy (includ-
ing maternal prognosis during and after pregnancy)
Advise on when to stop ACE/ARB

*** Intensification of care with emphasis on

Control of blood glucose

Control of blood pressure

Checking for retinopathy and treating accordingly

Check for other comorbidities such as cardiac dis-
ease or thromboembolic risk

Folic acid 5 mg commencing prior to conception

Aspirin 75–150 mg from end of first trimester

Review need for thromboprophylaxis regularly
(early pregnancy, hospitalization, increasing pro-
teinuria, preeclampsia)

Weigh the patient and document baseline renal
function and albumin-creatinine ratio

Regular visits to a multidisciplinary team

Regular scans/monitoring for fetal growth and
beware of confounding influences

Deliver for preeclampsia generally only if specific
signs of preeclampsia

Caution with fluid overload peripartum

Restart ACE inhibition postnatally (+ statin if
appropriate) (see Chapter 7)

Chapter 15: Diabetic Nephropathy in Pregnancy

181
16

18:14:34



References
1. Hill CJ, Fogarty DG. Changing trends in end-stage

renal disease due to diabetes in the United Kingdom.
Journal of renal care 2012;38(1):12–22.

2. Najafian B, Mauer M. Progression of diabetic
nephropathy in type I diabetic patients. Diabetes
research and clinical practice 2009;83: 1–8.

3. Parving H, Persson F, Rossing P. Microalbuminuria:
A parameter that has changed diabetes care. Diabetes
research and clinical practice 2015;107:1–8.

4. American Diabetes Association. Diabetic
nephropathy. Diabetes care 2003;26(1):S94–S98.

5. Chan GC, Tang SCW. Diabetic nephropathy:
Landmark clinical trials and tribulations. Nephrol dial
transplant 2015;0:1–10.

6. Giorgino F, Laviola L, Cavallo Perin P, Solnica B,
Fuller J, Chaturvedi N. Factors associated with
progression to macroalbuminuria in
microalbuminuric Type I diabetic patients:
The EURODIAB Prospective Complications Study.
Diabetologia 2004;47:1020–1028.

7. Kitzmiller JL, Combs A. Diabetic nephropathy and
pregnancy. Obstetric and gynecology clinics of North
America 1996;23:173–203.

8. Currie G, McKay G, Delles C. Biomarkers in diabetic
nephropathy: Present and future. World J diabetes
2014;5(6):763–776.

9. White P. Pregnancy complicating diabetes. JAMA
1945;128(3):181–182.

10. White P. Pregnancy complicating diabetes. American
journal of medicine 1949;November:609–616.

11. Ekbom P, Damm P, Feldt-Rasmussen B, Feldt-
Rasmussen U, Molvig J, Mathiesen ER. Pregnancy
outcome in Type I diabetic women with
microalbuminuria. Diabetes care 2001;24:1739–1744.

12. Confidential enquiry into maternal and child health.
Diabetes in pregnancy: Are we providing the best care?
Findings of a national enquiry: England, Wales and
Northern Ireland. London: CEMACH, 2007.

13. Wahabi HA et al. Preconception care for diabetic
women for improving maternal and fetal outcomes:
A systematic review and meta-analysis. BMC
pregnancy and childbirth 2010;10:63.

14. Hawthorne G. Maternal complications in diabetic
pregnancy. Best practice and research clinical obstetrics
and gynaecology 2011:25:77–90.

15. Ali S and Dornhorst A. Diabetes in pregnancy: Health
risks and management. Postgrad med J 2011;87:
417–427.

16. Bell R, Glinianaia SV, Tennant PWG, Bilous RW,
Rankin J. Peri-conception hyperglycaemia and

nephropathy are associated with risk of congenital
anomaly in women with pre-existing diabetes:
A population-based cohort study. Diabetologia
2012;55:936–947.

17. Klemetti MM et al. Obstetric and perinatal outcome in
type I diabetes patients with diabetic nephropathy
during 1988–2011. Diabetologia 2015;58:678–686.

18. Damm JA et al. Diabetic nephropathy and
microalbuminuria in pregnant women with type I and
type II diabetes. Diabetes care 2013;36: 3489–3494.

19. Lewis EJ, Hunsicker LG, Bain RP, et al. for the
Collaborative Study Group. The effect of
angiotensin-converting enzyme inhibition on diabetic
nephropathy. N Engl J med 1993;329:1456–1462.

20. Hod M, van Dijk DJ, Karp M, Weintraub N,
Rabinerson D, Bar J, et al. Diabetic nephropathy and
pregnancy: The effect of ACE inhibitors prior to
pregnancy on fetomaternal outcome. Nephrol dial
transplant 1995;10:2328–2383.

21. The Diabetes Control and Complications Trial
Research Group. The effect of intensive treatment of
diabetes on the development and progression of
long-term complications in insulin-dependent
diabetes mellitus. N Engl J med 1993;329:977–986.

22. Bar J, Chen R, Schoenfeld A, Orvieto R, Yahav J, Ben-
Rafael Z, et al. Pregnancy outcome in patients with
insulin dependent diabetes mellitus and diabetic
nephropathy treated with ACE inhibitors before
pregnancy. J pediatr endocrinol metab 1999;12
(5):659–665.

23. Cooper WO, Hernandez-Diaz S, Abrogast PG,
Dudley JA, Dyer S, Gideon PS, et al. Major congenital
malformations after first-trimester exposure to ACE
inhibitors. N Engl J med 2006;354(23):2443–2451.

24. How HY, Sibai BM. Use of angiotensin-converting
enzyme inhibitors in patients with diabetic
nephropathy. J matern fetal neonatal med 2002;12
(6):402–407.

25. Li D-K, Yang C, Andrade S, Tavares V, Ferber J.
Maternal exposure to angiotensin converting enzyme
inhibitors in the first trimester and risk of
malformations in offspring: A retrospective cohort
study. BMJ 2011;343:d5931.

26. Polifka JE (2012) Is there an embryopathy associated
with first trimester exposure to angiotensin-converting
enzyme inhibitors and angiotensin receptor
antagonists? A critical review of the evidence. Birth
defects res A clin mol teratol 94:576–598.

27. Porta M, Hainer JW, Jansson SO, et al. Exposure to
candesartan during the first trimester of pregnancy in
type 1 diabetes: Experience from the
placebo-controlled Diabetic Retinopathy Candesartan
Trials. Diabetologia 2011;54:1298–1303.

Section 5: Special Conditions

16
18:14:34



28. Tennant PWG, Newham JJ, Bell R, Rankin J (2011)
Studies of congenital anomalies should capture all
cases, not just live births. BMJ (electronic letter).
Available from www.bmj.com/rapidresponse/2011
/11/03/.

29. Lewis G, Maxwell AP. Should women with diabetic
nephropathy considering pregnancy continue ACE
inhibitor or angiotensin II receptor blocker therapy
until pregnancy is confirmed? Diabetologia 2014.

30. Bullo M, et al. Pregnancy outcome following exposure
to angiotensin converting enzyme inhibitors or
angiotensin receptor antagonists: A systematic review.
Hypertension 2012;60:444–450.

31. Khoury JC, Miodovnik M, LeMasters G, Sibai B.
Pregnancy outcome and progression of diabetic
nephropathy. What’s next? J matern fetal med
2002;11:238–244.

32. Bar J, Ben-Rafael Z, Padoa A, Orvieto R, Boner G,
Hod M. Prediction of pregnancy outcome in
subgroups of women with renal disease. Clin nephrol
2000;53(6):437–444.

33. Reece EA, Leguizamon G, Homko C. Pregnancy
performance and outcomes associated with diabetic
nephropathy. Am J Perinatol 1998;15(7):413–421.

34. Gordon M, Landon MB, Samuels P, Hissrich S,
Gabbe SG. Perinatal outcome and long-term follow-up
associated with modern management of diabetic
nephropathy. Obstet Gynecol 1996;87(3):401–409.

35. Mackie AD, DoddridgeMC, GamsuHR, Brudenell JM,
Nicolaides KH, Drury PL. Outcome of pregnancy in
patients with insulin-dependent diabetes mellitus and
nephropathy with moderate renal impairment.
Diabetic medicine 1996;13:90–96.

36. Miodovnik M, Roseen BM, Khoury JC, Grigsby JL,
Siddiqi TA. Does pregnancy increase the risk of
development and progression of diabetic
nephropathy? Am J obstet gynecol 1996;174
(4):1180–1189.

37. Purdy LP, Hantsch CE, Molitch ME, Metzger BE,
Phelps RL, Dooley SL et al. Effect of pregnancy on renal
function in patients with moderate-to-severe diabetic
renal insufficiency. Diabetes care 1996;19
(10):1067–1074.

38. Manske CL, Thomas W, Wang Y, et al. Screening
diabetic transplant candidates for coronary artery
disease: Identification of a low risk subgroup. Kidney
int 1993;44:617–621.

39. Barak R, Miodovnic M. Medical complications of
diabetes mellitus in pregnancy. Clin obstet 2000;43
(1):17–31.

40. Klemetti MM et al. Blood pressure levels but not
hypertensive complications have increased in Type

I diabetes pregnancies during 1989–2010. Diabet med
2013;30:1087–1093.

41. Yogev Y, et al. Maternal overweight and pregnancy
outcome in women with Type I diabetes mellitus and
different degrees of nephropathy. Journal of materno-
fetal and neonatal medicine 2010;23(9):999–1003.

42. Nielsen LR, Damm P, Mathiesen ER. Improved
pregnancy outcome in Type I diabetic women with
microalbuminuria or diabetic nephropathy. Diabetes
care 2009;32:38–44.

43. Howarth C, Gazis A, James D. Associations of type
I diabetes mellitus, maternal vascular disease and
complications of pregnancy. Diabetic medicine
2007;24:1229–1234.

44. Bagg W, Neale L, Henley P, MacPherson P, Cundy T.
Long-term maternal outcome after pregnancy in
women with diabetic nephropathy. N Z med J
2003;116:1180.

45. Rossing K, Jacobsen P, Hommel E, Mathiesen E,
Svenningsen A, Rossing P, et al. Pregnancy and
progression of diabetic nephropathy. Diabetologia
2002;45:36–41.

46. Biesenbach G, Grafinger P, Stoger H, Zarzgornik J.
How pregnancy influences renal function in
nephropathic type I diabetic women depends on their
pre-conceptual creatinine clearance. J Nephrol 1999;12
(1):41–46.

47. Dunne FP, Chowdhury TA, Hartland A, Smith T,
Brydon PA, McConkey C, et al. Pregnancy outcome in
women with insulin-dependent diabetes mellitus
complicated by nephropathy. Q J Med
1999;92:451–454.

48. Piccoli GB, et al. Type I diabetes, diabetic nephropathy,
and pregnancy: A systematic review and meta-study.
Rev diabet stud 2013;10:6–26.

49. Bramham K, Rajasingham D. Pregnancy in diabetes
and kidney disease. Journal of renal care 2012;38
(Suppl. 1):78–89.

50. Landon MB. Diabetic nephropathy and pregnancy.
Clinical obstetrics and gynaecology. 2007;50:998–1006.

51. Colatrella A, et al. Hypertension in diabetic pregnancy:
Impact and long term outlook. Best practice and
research clinical endocrinology andmetabolism 2010;24:
635–651.

52. Sullivan SD, Umans JG, Ratner R. Hypertension
complicating diabetic pregnancies: Pathophysiology,
management and controversies. J clin hypertens
2011;13:275–284.

53. Gordin D, et al. Risk factors of hypertensive
pregnancies in women with diabetes and the influence
on their future life. Annals of medicine
2014;46:498–502.

Chapter 15: Diabetic Nephropathy in Pregnancy

183
16

18:14:34



54. Jensen DM, et al. Microalbuminuria, preeclampsia and
preterm delivery in pregnant women with Type
I diabetes. Diabetes care 2010;33:90–94.

55. Mathiesen ER et al. Obstetric nephrology: Pregnancy
in women with diabetic nephropathy – The role of
antihypertensive treatment. Clin J Am Soc Nephrol
2012;7:2081–2088.

56. Mathiesen ER. Diabetic nephropathy in pregnancy:
New insights from a retrospective cohort study.
Diabetologia 2015;58:649–650.

57. Carr DB, Koontz GL, Gardella C, Holing EV,
Brateng DA, Brown ZA, et al. Diabetic nephropathy in
pregnancy: Suboptimal hypertensive control
associated with preterm delivery. AJH
2006;19:513–519.

58. Magee LA, et al. The control of hypertension in
pregnancy study (CHIPS) randomised controlled trial.
Arch Dis Child Fetal Neonatal Ed 2014;99(Suppl. 1):
A1–A180.

59. Sibai BM, Caritis SN, Hauth JC, Lindheimer M,
VanDorsten JP, MacPherson C, et al. for the National
Institute of Child Health and Human Development
Maternal-Fetal Medicine Units Network. Risks of
preeclampsia and adverse neonatal outcomes among
women with pregestational diabetes mellitus. Am
J obstet gynecol 2000;182:364–369.

60. Sibai BM. Risk factors, pregnancy complications, and
prevention of hypertensive disorders in women with
pregravid diabetes mellitus. J matern fetal med
2000;9:62–65.

61. Caritis S, Sibai B, Hauth J, Lindheimer MD,
Klebanoff M, Thom E, et al. Low-dose aspirin to
prevent pre-eclampsia in women at high risk. N Engl
J med 1998;338:701–705.

62. Star J, Carpenter MW. The effect of pregnancy on the
natural history of diabetic retinopathy and nephropathy.
Clinics in perinatology 1998;25(4):887–916.

63. Sibai BM, Caritis SN, Hauth JC, MacPherson C,
VanDorsten JP, Klebanoff M, et al. Preterm delivery in
women with pregestational diabetes mellitus or chronic
hypertension relative to women with uncomplicated
pregnancies. The National institute of Child health and
Human Development Maternal- Fetal Medicine Units
Network. Am J obstet gynecol 2000;183:1520–1524.

64. Teramo K, Kari MA, Eronen M, Markkanen H,
Hiilesmaa V. High amniotic erythropoietin levels are

associated with an increased frequency of fetal and
neonatal morbidity in type I diabetic pregnancies.
Diabetologia 2004;47:1695–1703.

65. Lauenborg J, Mathiesen E, Ovesen P, Westergard JG,
Ekbom P,Molsted-Pedersen L, et al. Audit of stillbirths
in women with pregestational type I diabetes. Diabetes
care 2003;26:1385–1389.

66. Haeri S, et al. The association of intrauterine growth
abnormalities in women with type I diabetes mellitus
complicated by vasculopathy. Am J obstet gynecol
2008;199:278.1–278.e5.

67. Salvesen DR, Higueras MT, Brudenell JM, Drury PL,
Nicolaides KH. Doppler velocimetry and fetal heart
rate studies in nephropathic diabetics. Am J obstet
gynecol 1992;167(5):1297–1303.

68. Young EC, et al. Effects of pregnancy on the onset and
progression of diabetic nephropathy and of diabetic
nephropathy on pregnancy outcomes. Diabetes and
metabolic syndrome: Clinical research and reviews
2011;5:137–142.

69. Gordin D, Hiilesmaa V, Fagerudd J, Ronnback C,
Kaaja R, Teramo K. Pre-eclampsia but not
pregnancy-induced hypertension is a risk factor for
diabetic nephropathy in type I diabetic women.
Diabetologia 2007; 50:516–522.

70. The Diabetes Control and Complications Trial
Research Group. Effect of pregnancy on microvascular
complications in the diabetes control and
complications trial. Diabetes care 2000;23:1084–1091.

71. Verier-Mine O, Chaturvedi N, Webb D, Fuller JH, the
EURODIAB Prospective Complications Study Group.
Is pregnancy a risk factor for microvascular
complications? The EURODIAB Prospective
Complications Study. Diabetic medicine
2005;22:1503–1509.

72. Gordin D, et al. Pre-eclampsia and pregnancy induced
hypertension are associated with severe diabetic
retinopathy in Type I diabetes in later life.Acta diabetol
2013;50: 781–787.

73. Sandvik MK, et al. Are adverse pregnancy outcomes
risk factors for development of end-stage renal disease
in women with diabetes? Nephrol dial transplant
2010;25: 3600–3607.

74. Khalil CA, et al. Fetal exposure to maternal Type
I diabetes is associated with renal dysfunction at adult
age. Diabetes 2010;59: 2631–2636.

Section 5: Special Conditions

16
18:14:34



Chapter

16
Urological Problems in Pregnancy
Jonathon Olsburgh and Susan Willis

Introduction
The most common urological symptoms in preg-
nancy are a consequence of pregnancy on a normal
urinary tract, rather than specific urological diseases
presenting in pregnancy. However, both the diagnosis
and management of urological diseases in pregnancy
can be complex. This review discusses etiology and
management of loin pain, urinary frequency, urinary
tract infection (UTI) and hematuria. Additionally,
imaging of the renal tract, renal stone disease, urinary
tract malignancy and the management of women with
urinary tract diversion or reconstruction in preg-
nancy are specifically addressed. Postpartum compli-
cations affecting the urinary tract, such as fistulae and
urinary incontinence, are not in the remit of this
chapter.

Physiological Changes to the Urinary
Tract in Pregnancy

Upper Tract
The increase in cardiac output, total vascular
volume and renal blood flow in the first and second
trimesters of pregnancy leads to a 40–65 percent
increase in glomerular filtration rate (GFR) [1]. As
a result, the kidneys increase by up to 1 cm in
length and 30 percent in volume, with coincident
hormonal and mechanical changes to the maternal
renal pelvis and ureter [2]. A “physiological hydro-
nephrosis” of pregnancy occurs in more than half
of pregnancies in the middle trimester. Less com-
monly, ureteric dilation has been observed as early
as seven weeks of pregnancy and may be due to a
relaxant effect of progesterone. In a large prospec-
tive study of more than 1,000 women, dilatation of
the right renal pelvis was evident by six weeks’
gestation, with progressive expansion at a rate of
0.5 mm/week until weeks 24–26, then at a slower
rate (0.3 mm/week) until term [3].

In early pregnancy, ureteric dilation does not
equate with obstruction, whereas mechanical extrin-
sic compression can occur from the second trimester
onward owing to both the gravid uterus and the
engorged ovarian vein plexus crossing the ureter at
the level of the pelvic brim. The ureter is usually
dilated to the level of the true pelvis and of normal
caliber at the level of the bladder. A fetus in the breech
position in the third trimester may compress and
obstruct the mid- or upper ureter. Dextrorotation of
the gravid uterus may account for hydronephrosis
being more common on the right side and the left
ureter is protected by the sigmoid colon.
Hydronephrosis resolves completely postpartum, but
may take several weeks to be undetectable by renal
ultrasound [4].

Lower Tract
As the gravid anteverted uterus enlarges, it increas-
ingly indents the superior aspect or dome of the
bladder. This changes the bladder shape and increases
resistance to bladder stretching. In early pregnancy
the functional bladder capacity remains fairly similar
to the nonpregnant state, but, by the third trimester,
crowding of the pelvis decreases the functional blad-
der capacity. These factors explain much of the
increase in daytime urinary frequency and nocturia
that are seen from early pregnancy onward.

Lower Urinary Tract Symptoms
Urinary frequency and nocturia can be considered
normal physiological consequences of a healthy preg-
nancy. Urinary tract infection and glycosuria (from
gestational diabetes) must be excluded on urine dip-
stick examination. Urinary urgency is common (in
more than half of pregnant women) and, if severe,
can lead to urinary urge incontinence, although this
resolves postpartum in most women and, if inconti-
nence persists, should be differentiated from stress
urinary incontinence.
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Stress urinary incontinence is also common, with
between half and three-quarters of multiparous
women having an episode during pregnancy [5].
Rates of stress urinary incontinence increase with
increasing parity, previous vaginal delivery and obe-
sity. Management should be supportive during preg-
nancy, with pelvic floor exercises and full evaluation
for persistence of symptoms carried out in the post-
natal period.

Urine retention in pregnancy is uncommon,
occurring in less than 1 in 3,000 pregnancies.
However, it presents as an emergency with pain and
anuria. In early pregnancy, urinary retention may be
due to failure of urethral relaxation and detrusor
contractility secondary to progesterone. The retro-
verted uterus is more commonly associated with urin-
ary retention occurring typically at 12–14 weeks’
gestation, and is more common in women with
fibroids or other uterine abnormalities. In the third
trimester, urinary retention may occur if the uterus is
incarcerated in the pelvis. Again, this can be asso-
ciated with fibroids and other uterine abnormalities,
as well as abnormal placentation such as placenta
accreta. Management includes catheterization, inter-
mittent self-catheterization and bimanual manipula-
tion of a retroverted uterus to an anteverted position,
which may require anesthesia.

Urinary Tract Infection
Bacterial UTI in pregnancy should be classified as
asymptomatic bacteriuria (ABU), symptomatic
lower tract UTI (cystitis) or symptomatic upper tract
UTI (pyelonephritis). UTI is a urological emergency
when coexistent with urinary tract obstruction.

Although the incidence of ABU in pregnancy is
similar to that in age-matched non-pregnant women,
the rates of cystitis and pyelonephritis in pregnancy
are three- to four-fold higher than in the nonpregnant
state [6, 7]. Furthermore, the consequences of pyelo-
nephritis in pregnancy to both mother and fetus can
be significant and include preterm birth and low birth
weight. Hemorrhagic cystitis is also associated with
preterm labor.

Meta-analysis of randomized controlled study
data has shown that treating ABU with antibiotics
leads to a 77 percent (95 percent CI 59–87 percent)
relative risk reduction of pyelonephritis, with seven
patients needing to be treated for one benefit [8].
Therefore it is widely accepted that screening for

ABU in early pregnancy is beneficial, although the
number needed to be screened to prevent one episode
of pyelonephritis is 114. In the United Kingdom,
screening occurs at the booking visit at approximately
12–16 weeks. Maternal risk factors for UTI include
previous UTI, urinary tract abnormalities, including
reflux and reconstruction, diabetes and
immunosuppression.

Gram-negative bacteria, especially Enterobacte-
riaceae, including Escherichia coli, Enterobacter and
Klebsiella, are the most common organisms causing
UTI in pregnancy. Less commonly, otherGram-negative
organisms such as Pseudomonas, Proteus andCitrobacter
and Gram-positive organisms such as group B strepto-
coccus are implicated. Other organisms that also need to
be considered include Chlamydia trachomatis,
Gardnerella vaginalis, Ureaplasma urealyticum and
lactobacilli.

ABU is defined on midstream urine (MSU)
culture as 105 colony-forming units of uropatho-
genic organisms (or greater) per milliliter of urine,
in two consecutive specimens, without symptoms.
However, it is likely that most physicians would
treat on a single positive result during pregnancy:
the UK National Institute of Health and Clinical
Excellence guidelines do not specify one or two
cultures [9]. A three-day antibiotic course for
ABU is as effective as a seven-day course, with
both regimens having a 70 percent eradication
rate, and a single dose closely approximates this
[7]. A repeat MSU should be done one week later
and any persistence or recurrence should be treated
with culture-specific antibiotics for 7–10 days.
Following treatment of ABU, women with low
risk and successful treatment with a three-day anti-
biotic course should have regular repeat MSU cul-
tures to detect recurrent ABU. Women with low
risk and recurrent ABU or with high risk of UTI
should receive prophylaxis throughout pregnancy
and an upper renal tract ultrasound scan. Women
with high risk of UTI in pregnancy but a clear first
MSU should have regular repeat MSUs to ensure
that ABU does not go untreated.

Cystitis should be treated with empirical antibiotic
therapy pending the results of an MSU collected prior
to commencing treatment. In women in low-risk
groups, an initial three-day course and a repeat MSU
a week later is appropriate, followed by regular
screening for ABU. In high-risk patients, a baseline
upper renal tract ultrasound scan should be arranged
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and consideration given to prophylaxis throughout
pregnancy.

Occasionally, severe visible hematuria can occur
in pregnancy with cystitis (hemorrhagic cystitis), per-
haps owing to the engorgement of the bladder mucosa
in pregnancy. It may require parenteral antibiotics,
bladder irrigation and cystoscopy to evacuate blood
clot in the bladder.

Pyelonephritis should be managed initially with
hospital admission for blood and urine cultures and
48–72 hours of parenteral antibiotics. If there has
been clinical improvement, antibiotic therapy can be
switched to a further 11–12-day oral antibiotic course.
This should be followed by a repeat MSU a week later
to ensure eradication of infection and then considera-
tion given to low-dose antibiotic therapy for the
remainder of pregnancy.

A renal tract ultrasound scan should be performed
to exclude perinephric abscess. This should be man-
aged with a percutaneous drain. As most pyelonephri-
tis occurs in the third trimester, hydronephrosis is
likely to be present. If systemic features are prominent
(tachycardia, hypotension), then pyonephrosis should
be suspected and percutaneous aspiration for culture
and nephrostomy placement advised. Management
should focus on the causes and relief of urinary tract
obstruction (see later in this chapter).

Loin Pain, Hydronephrosis and
Imaging
Loin pain in pregnancy has a variety of etiologies.
Ureteric obstruction may be due to the fetus, uro-
lithiasis or a number of less common causes such as
intrinsic pelviureteric junction obstruction (PUJO).
Loin pain may occur with urolithiasis, a bleed into a
renal angiomyolipoma (AML), renal vein compres-
sive hypertension, rupture of a renal artery aneurysm
and non-urinary tract conditions.

Loin pain in pregnancy may be associated with
hydronephrosis and, conversely, asymptomatic
maternal hydronephrosis may be observed on routine
ultrasound imaging. Non-radiation-based imaging of
the urinary tract is clearly the preferred choice in
pregnancy, with ultrasound scanning being the first-
line investigation [10, 11]. A comparison of fetal
exposure doses from urinary tract imaging is provided
in Table 16.1.

A transabdominal ultrasound scan can detect dila-
tion of the maternal renal pelvis and collecting system

and an antero-posterior (AP) diameter of 1 cm or
more together with calyceal dilation is defined as
hydronephrosis. However, dilation does not equate
with obstruction. In physiological hydronephrosis of
pregnancy, dilation of the upper ureter should also be
seen. If dilation is confined to the renal pelvis, it may
be due to a renal pelvis calculus or PUJO that may be
preexistent. The common scenario on transabdom-
inal ultrasound is dilation to the mid- or lower ureter.
The differential diagnosis is an obstruction either
from an intraluminal cause, most commonly a calcu-
lus, or an extrinsic cause such as the gravid uterus,
fibroids, ovarian hyperstimulation after IVF and,
rarely, uterine artery aneurysm, or non-obstructive
hydronephrosis (physiological hydronephrosis of
pregnancy).

The specificity of (B mode) ultrasound in preg-
nancy to diagnose a ureteric stone is poor (around 50
percent) and may be increased by a number of tech-
niques. First, color flow Doppler can be used to deter-
mine the level of the iliac vessels in relation to the
dilated ureter. Second, scanning can be initially per-
formed in a supine position and then repeated after 30
minutes in an “all fours” position (in physiological
hydronephrosis the AP renal diameter should be less
than 1 cm after this maneuver) [15]. Third, use trans-
vaginal scanning to help to determine the level of the
dilated ureter and detection of distal ureteric calculi.
A 5 MHz vaginal transducer with a 90° sector angle
and 30° off-axis beam is used. The renal resistive index
(RI) has been investigated for its sensitivity to predict
urinary tract obstruction in pregnancy. The RI is best
at separating obstructed from non-obstructed sys-
tems, but may also help to differentiate acute from
chronic obstruction. In an obstructing process that
develops over weeks, such as the enlarging fetus,
adaptive processes in the renal vasculature maintain
a near normal RI, whereas in an acute process, such as
a complete obstruction from a ureteric stone, the RI is
likely to be raised above 0.7.

Currently, after a non-diagnostic ultrasound scan
in the second or third trimester, magnetic resonance
urography (MRU) should be considered the second-
line investigation of choice. Historically, MR imaging
has been hampered by slow image acquisition times;
recent reports have described the use of half-Fournier
single shot turbo spin-echo (HASTE) MRU – MR
scans that previously took 45 minutes now take just
15 [16]. Ultrafast T2-weighted sequences to image the
abdomen and pelvis in the axial, sagittal and coronal
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planes are utilized. MRU does not require
Gadolinium contrast. MRU provides high-quality
images that permits identification of and differentia-
tion between extrinsic and luminal causes of ureteric
obstruction. MRU may also demonstrate other non-
urinary tract causes of pain such as ovarian torsion or
appendicitis. The exact cause of an intraluminal
obstructing lesion is not specific with MRU as it
appears as a “filling defect” and could be a stone,
clot or sloughed papilla (in a patient with diabetes or
sickle cell disease). A further limitation ofMRU is that
most MR scanners are closed-ring systems, with an
internal radius of approximately 60 cm. Therefore,
some women in the third trimester may not fit inside
a closed-ring system; there are a small number of
open-ring MRI scanners in the United Kingdom.
Present data have not conclusively demonstrated any

deleterious effects of MR imaging exposure on the
developing fetus at any stage of pregnancy [17].
Access to MRUmay not be available in all UK centers
and, as the next investigations involve limited fetal
exposure to radiation, discussion between urologist,
radiologist, obstetrician and patient is advised regard-
ing the treatment plan.

Dynamic radionucleotide renography, such as
technetium-labelled MAG-3, exposes the fetus to
very low radiation doses and is a widely available
test, though infrequently used in pregnancy. It is
best at diagnosing obstruction in the upper rather
than lower ureter and requires an overall GFR of
greater than 15ml/minute [18].

The intravenous urogram (IVU) may expose the
fetus to an unacceptably high radiation dose, particu-
larly if a comprehensive series of follow-up plain films

Table 16.1 Fetal exposure doses from urinary tract imaging

Examination Fetal radiation dose mSv equivalent Reference

Ultrasound nil nil

MRI nil nil

CXR 0.02 rad 0.2 [10]7

KUB X-ray 0.05 rad 0.5 [10]7,[12]8

1.4 – 4.2 mGy 1.4–4.2 [13]18

Limited IVU (3-4 films) 0.2–0.25 rad 2.0–2.5 [10]7,[14]

1–2 cGy 10–20 [14]

Standard IVU 0.4–0.5 rad 4–5 [10]7,[14]8

1.7–10 mGy 1.7–10 [13]18

Fluoroscopy 1.5–2 rad/minute 15–20/minute [10]7

CT standard 2–2.5 rad 20–25 [10]7

CT abdomen 8–49 mGy 8–49 [12]8,[13]18

CT pelvis 25–79 mGy 25–79 [12]8,[13]18

Conventional CT KUB 3.5 cGy 35 [14]12

Multidetector CT KUB 0.8–1.2 cGy 8–12 [14]12

Low-dose/ultra-low-dose CT KUB 0.72 cGy 7 [14]12

Tc-99m DTPA 1.5–4 mGy 1.5–4 [12]8,[13]18

Tc-99m MAG-3 0.7 mGy 0.7 [12]8,[13]18

Lethal fetal dose (conception to
first trimester)

100–500 mGy 100–500 [12]8,[13]18

CT = computed tomography; CXR = chest X-ray; DTPA = diethylenetriamine pentaacetic acid; IVU = intravenous urogram; KUB = kidneys,
ureters and bladder; MAG-3 = mercaptoacetyltriglycine; MSU = midstream urine; NRPB = National Radiological Protection Board

The National Radiological Protection Board (now Health Protection Agency, HPA) gives fetal doses in mGy (milliGray), whereas
the standard international unit for X-ray exposure is now the mSv (milliSievert). The conversion factor to equivalent dose is 1, i.e.
1 mGy = 1 mSv for X-rays. Older and overseas literature report dose exposure in other units for which the conversion is 1 rad =
1 cGy = 10 mGy = 10 mSv.

Section 5: Special Conditions

17
18:17:33



are required to delineate a level of ureteric obstruc-
tion. The IVU is rapidly becoming obsolete in con-
temporary urological practice, having been replaced
by CT scanning, and as such is unlikely to be
requested in pregnancy.

Cystoscopy with retrograde ureteropyelography is
generally performed under general anesthesia,
although in women it can be performed under local
anesthetic. It is important to limit fluoroscopy to the
minimum required using coned beam and to shield
the fetus. General anesthesia in pregnancy is asso-
ciated with increased risks of gastric aspiration,
decreased respiratory reserve and increased risk of
thromboembolic events. To improve venous return
the patient should be placed in a modified
Trendelenburg position with left uterine
displacement.

The advantages of retrograde ureteropyelogra-
phy are that it allows both diagnosis of obstruc-
tion, definition of the level of obstruction and the
opportunity to insert a double-J ureteric stent
without the trauma to the kidney associated with
percutaneous nephrostomy (PCN). This is a parti-
cularly important consideration in a patient with a
solitary kidney. Retrograde ureteropyelography
will diagnose or refute suspected obstruction if
there is minimal or no pelvicalyceal dilation on
ultrasound.

The gold-standard imaging test for the detec-
tion of ureteric calculi in the general population is
non-contrast computed tomography (NCCT), with
a sensitivity of 94–100 percent and a specificity of
92–100 percent [19]. The American College of
Radiologists states that the deterministic effects of
50mGy or less of ionizing radiation is safe at all
gestational ages; however stochastic effects are sus-
pected, if not conclusively demonstrated [20]. Over
the past decade, the radiation dose required for
NCCT has dropped significantly due to rapid tech-
nological developments in CT: in 2008 the average
effective dose of an abdominal X-ray and NCCT
was 0.7mSv and 8mSv respectively; in 2013 this
might have been as low as 0.4mSv for a NCCT
[21]. At low dose, the higher image noise is clearly
visible but does not impair the recognition of the
pathology under evaluation. Clearly, CT will
remain a third-line investigation after US and
MRU for the detection of ureteric calculi, but its
use in pregnancy may become increasingly accep-
table to both patients and clinicians.

Urolithiasis
Symptomatic urolithiasis in pregnancy is reported to
affect between 1 in 250 to 1 in 3,000 women [22].
However, recent reports show that although the inci-
dence of nephrolithiasis has been increasing in the
general population, in pregnancy there has been no
increase in incidence over the past two decades [23].
This suggests a fundamental difference in the patho-
physiology of stone formation in pregnancy.

In the general population, stones are often diag-
nosed incidentally on imaging for another condition.
Incidental presentation in pregnancy is less frequent
and most renal stones present when symptomatic. An
exact comparison of incidence and prevalence rates is
thus difficult. Stones tend to present in the second or
third trimester [24]. There are significant metabolic
changes in pregnancy that relate to stone disease:

• circulating 1,25-dihydroxyvitamin D
concentration increases (produced by the
placenta), which results in a higher
gastrointestinal absorption of calcium

• renal calcium excretion therefore increases up to
twice the normal concentration; there is reduced
renal tubular reabsorption of calcium

• a combination of these two events leads to a
physiological hypercalciuria with normocalcemia

• filtered sodium and uric acid increase
• net sodium excretion is unchanged as there is

increased tubular reabsorption
• the filtered load of urinary citrate and magnesium

stone inhibitors increases
• increased urinary excretion of

glycosaminoglycans and acidic glycoproteins
inhibits oxalate stone formation

• respiratory alkalosis, which leads to relatively
alkaline urine, inhibits uric acid stone formation
but may enhance calcium phosphate stone
formation

The overall situation is an increase in both stone-
promoting and stone-inhibiting factors so that there
is probably no increase in stone formation. However,
there appears to be an increase in the rate of encrusta-
tion of urinary tract stents and nephrostomy tubes
compared with the nonpregnant state, with encrusta-
tion seen as early as two weeks of tube placement [25].

The severe pain of renal/ureteric colic has been
associated with preterm labor in the second and third
trimesters. Treatment can range from conservative
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measures to temporizing measures until after deliv-
ery, to definitive treatment during pregnancy. Renal/
ureteric colic should not be treated with nonsteroidal
anti-inflammatory drugs (NSAIDs) in pregnancy if at
all possible and especially not in the third trimester.
Options include paracetamol, opiate analgesia and
epidural anesthesia. Painful hydronephrosis that
does not settle with these measures may require urin-
ary tract decompression with a PCN. Sepsis associated
with renal tract obstruction is a surgical emergency
and a PCN should be placed promptly under ultra-
sound guidance by an experienced interventional
radiologist.

The majority of stones are smaller than 5 mm and
will pass spontaneously with analgesia, bed rest and
hydration. Medical expulsive therapy with the use of
alpha-blockers and calcium channel antagonists is not
recommended in pregnancy; indeed this form of
stone management is not currently advocated in the
general population following publication of a large,
multicenter RCT showing no difference in the rate of
stone passage with medical expulsive therapy com-
pared to placebo [26]. Epidural anesthesia placed for
pain relief may give additional benefit by allowing
smooth muscle relaxation of the lower ureter facilitat-
ing stone passage [27].

The management of symptomatic stones that do
not respond to conservative measures is based on a
number of factors: size, number and location of
stone(s) and the stage of pregnancy [11, 14].
Extracorporeal shockwave lithotripsy is contraindi-
cated in pregnancy due to its potentially damaging
effects to the fetus.

The most direct temporizing method is external
urinary drainage with a PCN. PCN is safe, placed
under local anesthetic and ultrasound guidance (+/-
fluoroscopic screening), relieves the pain of obstruc-
tion and allows immediate drainage and culture of
infected urine. It avoids manipulation of the
obstructed ureter with associated risks of perforation
and further sepsis. PCN tubes can become blocked,
requiring flushing, or dislodged or encrusted, requir-
ing replacement. Limitations of PCN are that place-
ment is operator dependent and requires an
experienced interventional radiologist, and there is
potential for bleeding both at the time of PCN inser-
tion and at exchange. Consideration should be given
to PCN as a route for subsequent antegrade internal
double-J stent placement, and an appropriately placed
PCN track can be dilated to permit access for

percutaneous nephrolithotomy (PCNL) or antegrade
ureteroscopic stone removal. PCNL requires pro-
longed general anesthesia and fluoroscopic screening,
and is generally not recommended in pregnancy.
Individual patient experience of a PCN tube or a
double-J stent varies, with some tolerating a PCN
better and others preferring a stent. PCN tubes can
be uncomfortable and cumbersome, with an external
urine drainage bag requiring regular emptying. A
double-J stent can be extremely uncomfortable both
in the kidney and bladder regions, with urinary fre-
quency and urgency being potentially intensely
bothersome.

Cystoscopy, retrograde imaging and double-J
stent placement have been discussed earlier. An
impacted stone may not be able to be stented from
below, requiring PCN placement. It is well recognized
that stent and PCN encrustation can be rapid in
pregnancy, and tubes should therefore be exchanged
at approximately four to six weekly intervals [25, 28].
This can be a significant inconvenience and
undertaking.

Advances in instrument design and fiber-optic
technology have permitted the development of
small-caliber semi-rigid and flexible ureteroscopes
that have revolutionized endourological stone man-
agement. New semi-rigid scopes are 6.5F caliber and
flexible scopes 6.8F caliber. Ureteroscopy permits
definitive stone removal (with baskets) and fragmen-
tation using holmium laser technology, which appears
to be safe in pregnancy [19]. Ureteroscopic stone
extraction is becoming more common in pregnancy;
a recent systematic review concluded that uretero-
scopy has been shown to be safe and effective during
pregnancy, and can be performed under local or
regional anesthesia without the use of fluoroscopy
[29].

Although ureteroscopy is becoming the standard
of care for ureteric stones in pregnancy, ureteroscopy
in pregnancy is difficult and should only be under-
taken by expert operators. Stones in the lower third of
the ureter are most amenable to treatment and the
ureteric orifice may not require dilation owing to the
dilating effects of progesterone. Following successful
ureteroscopic stone fragmentation it was conven-
tional to place a double-J stent. However, if there has
been minimal ureteric wall trauma, it may be possible
either not to place a double-J stent or to place a “stent
on a string” that can be removed 24 hours later on the
ward.
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Ureteroscopy in pregnancy is contraindicated
with multiple stones, stones greater than 1 cm and
in the presence of sepsis, when placement of a double-
J stent or PCN with treatment of infection is the first
priority. Women with a known history of renal stone
disease, for example, those with cystinuria who are
contemplating pregnancy should be seen by their
urologist prior to conception. An up-to-date CT
KUB (kidneys, ureters and bladder), MSU and meta-
bolic stone profile should be arranged to determine
stone burden, urine infection and a baselinemetabolic
risk profile prior to pregnancy. There is benefit in
treating asymptomatic stones prior to pregnancy
that otherwise might be observed. Women with pre-
vious struvite “infection” stones should have antibio-
tic prophylaxis throughout pregnancy.

Hematuria and Urinary Tract Tumors

Nonvisible Hematuria (NVH)
In a study by Brown and colleagues [30], asympto-
matic nonvisible hematuria (NVH) detected on dip-
stick was found to be common, occurring on at least
two occasions in 3–20 percent of pregnant women,
and resolving postpartum in the majority. Ultrasound
evaluation of the renal tract was normal in all cases
and NVH did not confer any additional risk of gesta-
tional hypertension. Retesting at three months post-
partum is recommended to detect the small minority
who may have mild glomerular disease or who may
require further urological investigation. Clearly the
presence of NVH with proteinuria, in the absence of
infection, requires a complete nephrological assess-
ment. Renal stone disease is associated with NVH in
approximately 90 percent of cases.

Visible Hematuria
Visible hematuria in pregnancy should be differen-
tiated from vaginal bleeding, and renal tract ultra-
sound scan is the investigation of choice together
with MSU. Consideration should be given to both
the upper and lower urinary tracts as the source of
the bleeding.

Upper Tract
Significant renal trauma can cause hematuria; the
method of diagnosis and treatment will depend
upon the severity of maternal injuries, the scope of
which is outside of this chapter.

The uncommon, benign renal tumor angiomyoli-
poma (AML) may grow rapidly in pregnancy with
increased risk of rupture, although the mechanisms
of this are speculative. This can present as visible
hematuria with or without loin pain and can be life
threatening. Ruptured AML in pregnancy requires
either selective renal embolization [31] or nephrect-
omy, depending on the individual case. The average
size of tumor in cases of rupture has been reported to
be around 11cm [32]. A woman contemplating preg-
nancy with ≥ 4 cm AML should be advised to have
selective renal embolization prior to conception.
Where the AML is less than 4 cm, it may be prudent
to observe the tumor with ultrasound scanning at
regular intervals during pregnancy, although there
are no suggested guidelines.

Malignant renal tumors are not more common in
pregnancy than in the nonpregnant population [33].
However, there are at least 50 reported cases of renal
cell carcinoma (RCC) in pregnancy. Depending on
the size of the lesion and the stage of pregnancy
when the tumor is detected, management may be
either observation with postnatal treatment (for a 4
cm or smaller lesion found in the third trimester) or
nephrectomy. Laparoscopic nephrectomy for RCC
has been described in both first and second trimesters
with favorable maternal and fetal outcomes.

Occasionally, renal vein compression occurs sec-
ondary to the gravid uterus, leading to profuse hema-
turia and loin pain. On the left side this is an
aggravation of the classic “nutcracker syndrome” in
which the left renal vein lies between the aorta and
superior mesenteric artery. Treatment of this rare
condition depends on severity and symptoms, but
can be managed with vascular stent placement, low
molecular weight heparin and serial renal vein flow
Doppler studies [34].

Lower Tract
Pregnant women are typically younger than the age
range in which bladder cancer occurs. However, as
women are delaying pregnancy until older ages and
more women are smoking, the likelihood of blad-
der cancer developing during pregnancy is
increased. Occupational exposure to aromatic
amines in permanent hair dyes may occur in
women’s hairdressing and an occupational history
should be taken. Bladder tumors usually present
with hematuria that may be confused by the patient
as “vaginal bleeding” [35]. Another confounding
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factor is that carcinoma in situ of the bladder pre-
sents with urine frequency and urgency, symptoms
typically present in pregnancy. Carcinoma of the
bladder may be transitional cell, squamous cell or
adenocarcinoma. Tumors greater than 0.5 cm can
be visualized on transabdominal ultrasound scan
with a full bladder. Flexible cystoscopy is safe at
all stages of pregnancy. The majority of bladder
tumors are superficial, i.e. papillary noninvasive or
papillary superficially invasive. However, poorly
differentiated superficial and muscle-invasive tran-
sitional cell carcinomas have a rapid tumor dou-
bling time and a poor prognosis.

An initial transurethral resection of bladder tumor
(TURBT) under general anesthesia appears to be safe
in pregnancy and allows accurate staging and grading
of the disease so that an appropriate diagnostic and
management plan can be formulated, depending on
histology results and what stage of pregnancy has
been reached. These decisions need to be individua-
lized, but maternal health and safety are paramount
and delaying definitive treatment for aggressive tran-
sitional cell carcinoma beyond 8–12 weeks from
TURBT may have poor long-term prognostic impli-
cations. Follow-up cystoscopy for noninvasive transi-
tional cell carcinoma may be delayed until after
delivery.

Pregnancy in Women with Urinary
Tract Reconstruction
Vesicoureteric reflux is considered in Chapter 12.
However, distal obstruction at the site of previous
ureteric re-implantation has been reported as present-
ing in pregnancy. The timing of this presentation may
relate to the physiological changes in pregnancy
revealing a previously subclinical narrowing.
Therefore, it has been suggested that women with a
history of ureteric re-implantation who are consider-
ing pregnancy should be evaluated with either a
dynamic radionucleotide renogram or cystoscopy
and retrograde ureteropyelogram to exclude obstruc-
tion prior to conception.

The indications for urinary tract diversion or
reconstruction in women of childbearing age are
due to benign rather than malignant disease [36].
These include congenital disease such as spina
bifida (including myelomeningocele) and bladder
extrophy, or acquired neurological or fibrotic
(including tuberculosis and schistosomiasis)

diseases. The congenital diseases may be associated
with other urogenital abnormalities, including soli-
tary kidney and uterine abnormalities.
Furthermore, many of the conditions may be asso-
ciated with some degree of renal impairment and
all are associated with bacterial UTI. Nevertheless,
the majority of these women are fertile. It is impor-
tant to note that urine-based pregnancy tests in
women with a bowel segment incorporated into
the urinary tract are likely to give a false positive
result and it is recommended that serum human
chorionic gonadotrophin is used instead.
Pregnancy should be managed in a joint obste-
tric–urology clinic with intensive monitoring and
easy access to specialist help.

There is a diverse range of urinary tract recon-
structions that a pregnant woman may have, includ-
ing incontinent urinary diversion (ileal or colonic
conduit), continent urinary diversion that may be
either to the colon (ureterosigmoidostomy or Mainz
II pouch) or continent catheterizable bowel pouch
(Koch and Indiana pouch), enterocystoplasty (native
bladder augmented with bowel that drains either via
the urethra or via a continent catheterizable stoma –
Mitrofanoff) or orthotopic neobladder.

ABU is present in all patients with a bowel seg-
ment incorporated into the urinary tract. Some of the
aforementioned configurations are also freely reflux-
ing to the upper tract. Women who are prone to
recurrent, symptomatic UTI are recommended to
take antibiotic prophylaxis for the duration of
pregnancy [37]. In a review of spinal cord–injured
women, a quarter needed to change their bladder
management during pregnancy (usually increasing
the frequency of CISC), and one third were affected
by pyelonephritis [38].

Vaginal delivery may be possible in women with
urinary tract reconstruction and should be judged on
the merits of both obstetric and urological factors.
Breech presentation is very common in women with
history of bladder extrophy. Neurological conditions
that affect the bladder may also affect coordinated
muscle activity required in the final stage of vaginal
delivery. However, vaginal delivery is contraindicated
in women with an artificial urinary sphincter and
cautioned against in patients with orthotopic neo-
bladder and ureterosigmoidostomy.

Ureterosigmoidostomy or Mainz II pouch depend
on an intact anal sphincter for continence and, if a
vaginal delivery is attempted, care must be taken to
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make lateral episiotomies. For all women with com-
plex urinary tract reconstruction, if caesarean section
is likely, it should be anticipated and performed elec-
tively with an experienced urologist present. Some
patients with spina bifida and myelomeningocele
may have a ventricular-peritoneal shunt to treat
hydrocephalus – the shunt can be compressed by the
gravid uterus and is at risk of bacterial infection if the
peritoneum is opened during caesarean section.

An important mechanical factor that needs to be
considered during pregnancy is the points of fixation
of the ureters, the mesentery (that supplies the urinary
tract reconstruction) and the efferent drainage. The
mesentery stretches and is lateralized as the gravid
uterus enlarges and can usually be safely moved lat-
erally during upper-segment caesarean section.

An ileal conduit in a woman of childbearing age
when formed should be fixed to the retroperitoneum.
The enlarging uterus may compress the conduit, lead-
ing to dilation of the upper tracts, but this is rarely
seen. Retroperitonealizing the conduit prevents the
conduit from being stretched, which may need return
to prepregnancy size postpartum and require self-
catheterization or revision. The conduit skin appli-
ances may require adjustment to maintain a water-
tight seal as the position of the stoma changes with
uterine enlargement. A pouch or Mitrofanoff cathe-
terizable stoma can be stretched during pregnancy,
leading to difficulties with self-catheterization, which
usually resolves postpartum.

The leading British experience in this field report
that there are no long-term adverse effects of preg-
nancy on renal function or the reconstructed urinary
tract in 29 live births in 20 women [39]. Pregnancy-
related complications were encountered, particularly
UTI in at least half, and upper tract obstruction and
preeclampsia in 10 percent. The majority of babies
were delivered by caesarean section.

Patients with refractory overactive bladder syn-
drome or intractable urinary retention are occasion-
ally managed with sacral nerve stimulators (SNS);
there may be some effect on uterine activity [40] and
manufacturers advise that they should be turned off
for the duration of pregnancy. However, women may
see a return of their symptoms with deactivation of
their SNS, and case reports of women choosing to
keep their SNS activated during pregnancy seem to
have done so safely [41].

Although their use is not widespread in women
desiring further pregnancies, mid-urethral slings and

other surgical interventions for stress urinary incon-
tinence may occasionally be encountered in the preg-
nant patient. The published data are limited, but a
recent systematic review found the incidence of urin-
ary retention in these patients to be low [42].

Conclusion
The most common urological symptoms in preg-
nancy are urine frequency and urgency, but the most
common reason for a urological consultation is loin
pain associated with hydronephrosis. There is often
difficulty in diagnosing the specific cause of hydrone-
phrosis in pregnancy. Ultrasound scanning remains
the first investigation and a number of specific mea-
sures to increase the sensitivity to differentiate
between non-obstructive physiological hydronephro-
sis of pregnancy, obstruction by the gravid uterus and
ureteric calculus are described. New ureteroscope
instrument design and fiber-optic technology have
permitted ureteroscopy to be used in expert hands
during pregnancy to provide definitive stone treat-
ment and reduce the problems associated with a num-
ber of temporizing measures.

Visible and persisting nonvisible hematuria
should be investigated initially with ultrasound scan
and, when indicated, flexible cystoscopy, which is safe
throughout pregnancy.

The rate of pyelonephritis in pregnancy can be
reduced by screening and treating ABU, and this is
recommended. Certain at-risk groups benefit from
low-dose antibiotic prophylaxis during pregnancy to
reduce the risk of UTI.

Careful planning of pregnancy with joint urology
and obstetric care is recommended for women with
previous urinary tract reconstruction. Experience
suggests that the majority can have healthy, successful
pregnancies without compromise to the urinary tract
reconstruction or renal function.
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Section 6 Acute Kidney Injury

Chapter

17
Acute Kidney Injury in Pregnancy
Causes not Due to Preeclampsia
Anita Banerjee

Introduction
Acute kidney injury (AKI) in pregnancy is a medical
emergency. AKI is associated with an increase in
maternal and fetal mortality and morbidity regardless
of the underlying etiology [1]. AKI in pregnancy is
characterized by a rise in creatinine or decreased urine
output or both. The recent international classifica-
tions of AKI in non-obstetric patients are not vali-
dated in pregnancy [2, 3]. Diagnosis of AKI in
pregnancy remains a challenge due to a lack of evi-
dence-based guidance, since no consensus or uniform
definition of AKI in pregnancy has been reached.

Renal Physiology in Normal Pregnancy
The anatomical and physiological adaptations during
pregnancy lead to an increase in glomerular filtration
rate (GFR). Renal blood flow increases by 80 percent
and GFR increases by 40–60 percent. A rise in plasma
volume and GFR leads to a fall in creatinine in normal
pregnancy. The kidney size increases by 1.0–1.5 cm
due to an increase in blood flow. The dilatation of the
calyces, renal pelvis and ureters are driven by the
hormonal changes during pregnancy. A mild respira-
tory alkalosis, secondary to an increase in minute
ventilation, results in a compensatory increase in kid-
ney bicarbonate excretion and a fall in serum bicar-
bonate to 18–22 mmol/L (see Chapter 1). The
diagnostic criteria for AKI differ in pregnancy due to
these alterations. The rise in creatinine clearance may
mask AKI in pregnancy and because of the renal
adaptations the recognition of AKI in pregnancy
may be more subtle.

A creatinine rise greater than 26 μmol/L is defined
as AKI in the non-obstetric population. The mean
creatinine during the second half of pregnancy is
approximately 56 μmol/L. There is a suggestion that
a creatinine greater than 90 μmol/L would capture the
majority of cases with AKI during pregnancy [4–7].
Others have suggested a creatinine value greater than

97 μmol/L or doubling of the creatinine as a definition
of AKI in pregnancy [8]. Some have suggested an even
lower value of creatinine of 88 μmol/L be used as the
definition of AKI in pregnancy [9].

Epidemiology
Epidemiology of AKI in pregnancy has changed
over the past four decades. The most common
causes of AKI in pregnancy in the developed
world four decades ago were septic abortion and
puerperal sepsis. Now due to improved antenatal
care and abortion laws, the causes of AKI in preg-
nancy have altered and the incidence has fallen.
Accurate data are difficult to obtain in view of the
variable definitions of AKI in pregnancy used in
the literature. In general in developed countries,
a fall in the incidence has been described from 1
in 3,000 to 1 in 15,000 [10–11]. A recent Canadian
study, however, has described an increased rate of
obstetric AKI limited to women with hypertensive
disorders of pregnancy [15]. However in develop-
ing countries, the incidence of AKI remains higher
and the causes are different [12–13].

The incidence of AKI was 1 in 68 cases in our
tertiary obstetric unit, which is 1.4 percent of 6,500
deliveries [7]. A creatinine greater than 90 μmol/L was
used in this study to define AKI in pregnancy.
The commonest causes of AKI in the obstetric unit
were preeclampsia and postpartum hemorrhage.
The majority of AKI was observed in the third trime-
ster and postpartum. However, not all the AKI had
improved prior to discharge. Fewer than one in six
cases had no follow-up arranged to ensure renal func-
tion had returned to normal. AKI had been recog-
nized in less than 50 percent of the cases. There were
100 percent live births in these women. The reasons
behind the lack of recognition and follow-up of AKI
in pregnancy include unfamiliarity and paucity of
consensus of guidelines for AKI in pregnancy.
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Etiology of AKI in Pregnancy
The causes of AKI in pregnancy are divided into pre-
renal, renal and post-renal causes. The incidence of
AKI is higher postpartum and in the third trimester.
Some causes are pregnancy specific or are more com-
mon during pregnancy, andmany will be expanded in
other chapters. Pre-existing hypertension is
a significant risk factor for AKI in pregnancy [14–
15]. More than one cause may coexist in the same
case, for example, postpartum hemorrhage and pre-
eclampsia. During pregnancy preeclampsia remains
the most common cause of AKI (see Chapter 18).
Outside of pregnancy, sepsis and hypotension remain
the most common causes for AKI, both of which may
occur during pregnancy. De novo presentation of pri-
mary glomerular diseases in pregnancy is less com-
mon, but deterioration of preexisting renal disease
may lead to superimposed AKI. Sepsis and pyelone-
phritis can cause AKI in pregnancy and can be
a challenge to treat. Obstructive nephropathy is
uncommon, but may be difficult to diagnose due to
possible dilation of the upper urinary tract due to
physiological reasons as stated earlier. Table 17.1
summarizes the common causes of AKI in pregnancy.

Thrombotic Microangopathies
Thrombotic microangiopathies are rare in pregnancy,
estimated to occur in 1 in 25,000 pregnancies [17].
The hallmark is thrombi in the microvasculature
causing mechanical hemolysis and consumptive
thrombocytopenia. Thrombotic thrombocytopenic
purpura (TTP) and hemolytic uremic syndrome
(HUS) are the most common microangiopathies that
may both masquerade as and coexist with preeclamp-
sia. Other conditions such as catastrophic antipho-
spholipid syndrome have similar clinical
manifestations [18]. Table 17.2 provides a comparison
of the clinical features and management of these
conditions.

Thrombotic Thrombocytopenic
Purpura
TTP is classically described as a pentad of microan-
giopathic hemolysis with red cell fragments, throm-
bocytopenia, neurological signs, AKI and pyrexia.
Depending upon the severity of the clinical pheno-
type, it commonly presents either early in life or after
the third decade of life, when pregnancy may be

Table 17.1 Causes of AKI in Pregnancy (permission from Clin Med 2015) [16]

Renal Insult Diagnosis Clinical Features

Pre-renal Hyperemesis gravidarum First-trimester nausea, vomiting, ptyalism

Placental abruption Vaginal bleeding, abdominal pain, uterine tenderness

Postpartum hemorrhage Bleeding postpartum leading to hemodynamic instability

Septic abortion/miscarriage Uterus is the source of infection. Can present with septic shock.

Renal Preeclampsia New-onset hypertension and proteinuria after 20 weeks’
gestation.

HELLP Hemolysis, elevated liver enzymes and low platelets. A variant of
severe preeclampsia.

Microangiopathic hemolytic
anemia (TTP/HUS)

Platelet consumption leading to hemolysis and end-organ
damage. Presents in second and third trimesters and
postpartum.

Acute fatty liver of pregnancy Fatty infiltration of hepatocytes leading to liver failure

Lupus nephritis Autoimmune renal damage with proteinuria ± hematuria

Post-renal Obstructive nephropathy Increased risk if single kidney (including transplant), autonomic
neuropathy (MS, Type 1 DM), polyhydramnios, multiple
pregnancy. Need to distinguish from physiological dilatation of
renal tract.

Abbreviations: TTP = thrombotic thrombocytopenic purpura, HUS = hemolytic uremic syndrome, MS =multiple sclerosis, Type 1 DM= Type
1 diabetes mellitus
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a trigger. The underlying mechanism is a functional
deficiency of the von Willebrand factor (vWF) cleav-
ing protease ADAMTS-13 (A Disintegrin and
Metalloproteinase with Thrombospondin type 1
motif, member-13). Due to the ADAMTS-13 defi-
ciency, the large multimers of vWF that are released
from the endothelium are not cleaved appropriately,
leading to the formation of spontaneous platelet
aggregates in multiple organs, including cardiac,
renal and cerebral microvasculature. The mechanical
fragmentation of erythrocytes through the partially
occluded microvasculature causes a microangiopathic
hemolytic anemia (MAHA). Congenital TTP is an
inherited constitutional deficiency of ADAMTS-13,
whereas acquired immune TTP is due to the reduc-
tion of ADAMTS-13 by auto-antibodies against it
which may be triggered in pregnancy. The median
time of presentation of TTP in pregnancy is around
24 weeks of gestation [19].

The initial diagnosis is based upon the clinical
history and examination with routine laboratory
investigations, including a blood film. The AKI is
usually not as severe as that seen in HUS; it is more
common than in the nonpregnant TTP population

and found in 30–80 percent of pregnancy-related
TTP [20]. There are schistocytes on the blood film
due to red blood cell fragmentation. The hemolysis
leads to a fall in hemoglobin to 80–100 g/L with raised
reticulocytes and low haptoglobin levels.
The combination of the hemolysis and tissue ischemia
leads to a raised LDH. The median platelet count is in
the order of 10–30 × 109/L [21]. An important dis-
criminatory feature is that of normal clotting para-
meters found in TTP.

Pregnancy is a trigger for congenital TTP asso-
ciated with significant maternal and fetal morbidity
and mortality due to thrombi occurring in the pla-
centa, leading to fetal growth restriction, intrauterine
death and severe early-onset preeclampsia [22].

Plasma exchange remains the mainstay of treat-
ment for TTP during pregnancy. It is effective in
restoring ADAMTS-13 enzymatic activity by
removing the antibodies. Early treatment with
plasma exchange should be initiated within four to
eight hours of the assumed diagnosis [23]. Second-
line treatment for TTP is rituximab, an anti-CD20
monoclonal antibody. This is a B-cell-depleting
antibody, raising concerns for the immunity of the

Table 17.2 Clinical Features of Thrombotic Thrombocytopenic Purpura, Hemolytic Uremic Syndrome, Acute Fatty Liver of Pregnancy,
Catastrophic Anti-phospholipid Syndrome and HELLP

Conditions TTP aHUS AFLP CAPS HELLP

Incidence 1 in 25,000 cases 1 in 25,000 cases 1 in 20,000 cases Rare 10–20 percent of
PET

Time of
presentation

Second trimester Three-fourths
occur postpartum

Third trimester
and postpartum

Postpartum Third trimester
and postpartum

AKI 30–80% 70% dialysis
dependent

60% 70% 3–15%

Neurological
sequelae

Common Uncommon Encephalopathy Common Eclampsia

Common

ADAMTS-13 Deficient Present Reduced
marginally

Reduced
marginally

Reduced
marginally

Platelets <10 x 109/L 10–30 x 109/L <100 x 109/L <150 x 109/L >30 x 109/L

Coagulopathy No No Yes Yes Yes 20 percent

Elevated
Transaminases

No No Yes Yes Yes

Treatment Plasmapheresis Disease specific Supportive Full
Anticoagulation

Supportive

Delivery Unaffected Unaffected Affected Unaffected Affected

TTP: thrombotic thrombocytopenic purpura; aHUS: atypical HUS; AFLP: acute fatty liver of pregnancy; CAPS: catastrophic antiphospholipid
syndrome; HELLP: hemolysis, elevated liver enzymes and low platelets
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neonate if given in pregnancy. Live vaccines such as
BCG should be avoided in the first six months of
life [24] (see Chapter 7). Fetal loss remains high in
TTP in pregnancy as the placenta is usually
involved with infarcts, leading to a growth-
restricted fetus with placental insufficiency and
signs of preeclampsia.

Prepregnancy counseling and a multidisciplinary
approach are required for future pregnancies. The risk
of relapse in a future pregnancy of congenital TTP is
100 percent and for acquired TTP around 45 percent
[25]. Regular plasma exchange commenced early in
pregnancy will reduce acute TTP flares in future
pregnancies.

Hemolytic Uremic Syndrome
HUS is caused by excessive complement activation.
HUS most commonly presents in childhood and is
precipitated by a shigatoxin-producing enterpatho-
genic E. coli or Shigella. HUS is now subclassified
into toxin-related HUS and non-toxin-related atypi-
cal HUS. Toxin-related HUS is associated with
contaminated food and bloody diarrhea, whereas aty-
pical HUS (aHUS) is associated with the activation of
the alternate complement pathway. Atypical HUS is
either an acquired or inherited imbalance between
factors involved in the regulation of the complement
pathway.

The hallmarks of aHUS include evidence of hemo-
lysis with severe anemia, schistocytes on the blood film
and markedly raised LDH. Hemoglobin is usually less
than 100 g/L and as low as 30–40 g/L. As with TTP,
there is an absence of a coagulopathy. Distinguishing
factors from TTP include a more severe AKI and more
than three-quarters of women with aHUS will progress
to end-stage renal disease [26]. Unlike TTP, there is
detectable ADAMTS-13 activity. The platelet count is
low, but not usually as low as with TTP and usually
between 30–60 × 109/L. Of note more than 75 percent
of aHUS occurs in the postpartum period when com-
plementary proteins are decreased.

Supportive treatment is the mainstay of manage-
ment with some requiring renal dialysis/hemofiltra-
tion. Secondary aHUS is when a causative factor is
identified, such as pregnancy. Management of aHUS
is with the use of Eculizumab, a monoclonal antibody
that inhibits complement activation [27]. Eculizumab
is considered safe in pregnancy and is already licensed
in pregnancy for paroxysmal nocturnal hemoglobi-
nuria; however, placental transfer is recognized.

Catastrophic Anti-phospholipid
Syndrome
Anti-phospholipid syndrome (APS) is defined as
a syndrome with arterial, venous or capillary vascular
thrombosis, and/or recurrent early or single late fetal
loss and the presence of the following antibodies on
two or more occasions 12 weeks apart; lupus anti-
coagulant (LA), anticardiolipin antibodies (aCL) and/
or anti-ß2 glycoprotein-I antibodies. Catastrophic APS
(CAPS) is life-threatening and is characterized by
a thrombotic storm with widespread multi-organ
microvascular occlusions occurring over a short period
of time within days of each other. In a large APSmulti-
center prospective study, 0.9 percent of cases mani-
fested CAPS and more than half of them died [28].
A high index of suspicion should remain for CAPS
when a mother with APS develops HELLP syndrome
in pregnancy, improves and postpartum deteriorates
again, as she manifests with CAPS [29].

Full anticoagulation remains the mainstay of
treatment. The management of CAPS includes an
aggressive approach requiring urgent multidisciplin-
ary input with treatment that includes anticoagula-
tion, high-dose steroids, plasma exchange and/or
intravenous immunoglobulin. More recently
Eculizumab has been used successfully for the man-
agement of CAPS [30].

Acute Fatty Liver of Pregnancy
Acute fatty liver of pregnancy (AFLP) is uncommon.
In the United Kingdom, the largest prospective, popu-
lation-based study found the incidence of AFLP to be
5 cases per 100,000 maternities, or approximately 1
case per 20,000 births [31]. The case fatality was
1.8 percent in this study.

The pathogenesis of the disease is thought to
involve impaired ß-oxidation of fatty acids in hepatic
mitochondria, and in some cases the fetal autosomal
recessive defect of the long-chain 3-hydroxyl coen-
zyme A dehydrogenase (LCHAD) has been reported
[32]. Without mitochondrial ß-oxidation of the fatty
acids ketogenesis is impaired, leading to severe hypo-
glycemia. The histology findings of the liver include
microvesicular steatosis.

AKI was associated with 58 percent of cases of
AFLP and the median creatinine was 169 μmol/L in
the aforementioned study, with 3.5 percent (2/57
cases) requiring renal replacement therapy. The clin-
ical features of AFLP are nonspecific, including
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anorexia, nausea, vomiting, fatigue, polyuria, polydip-
sia and lactic acidosis with hypoglycemia. Hepatic
enzymes are markedly raised; with hyperbilirubine-
mia, leukocytosis and thrombocytopenia. There is a
prolonged prothrombin time, causing a coagulopa-
thy. Six or more characteristics of the Swansea criteria
of AFLP support the diagnosis [33]. The onset of
symptoms is usually in the third trimester after 35
weeks’ gestation.

A multidisciplinary team approach and prompt
delivery is advocated. The management thereafter is
supportive with blood products, hydration and sur-
veillance in an intensive care or high-dependence
unit. Mainstay of treatment includes administration
of 10–20 percent dextrose infusion to treat the hypo-
glycemia and fresh frozen plasma and vitamin K to
treat the coagulopathy. N-acetylcysteine infusion is
commenced to protect from further hepatoxicity.
Reasons to transfer to a specialist liver unit for further
management include features of fulminant hepatic
failure and encephalopathy.

Sepsis
Sepsis remains a common cause of morbidity and
mortality in pregnancy. A prospective case-control
study of 365 confirmed cases of severe maternal
sepsis in obstetrician-led maternity units was under-
taken [34]. The incidence of severe sepsis was 4.7
(95 percent CI 4.2–5.2) per 10,000 maternities; 71
(19.5 percent) women developed septic shock, and
five (1.4 percent) women died. Escherichia coli was
the most common causative organism in severe
maternal sepsis, whereas group A streptococcus was
most strongly associated with progression to septic
shock. It is the hypo-perfusion because of sepsis that
leads to acute tubular necrosis and AKI in
pregnancy.

• Urinary tract infections
The common microorganisms in urinary tract infec-
tions in pregnancy are similar pathogens found in the
non-obstetric population. Most infections are caused
by Enterobacteriaceae, commonly found in the gastro-
intestinal tract, with Escherichia coli responsible for
63–85 percent of cases. The others include: Klebsiella
pneumoniae (8 percent), coagulase-negative
Staphylococcus (up to 15 percent), S. aureus (up to
8 percent) and group B streptococci (GBS) (2–7 per-
cent) [35]. Asymptomatic bacteremia, if not treated in
early pregnancy, has been found in later pregnancy to

be associated with pyelonephritis and preterm deliv-
ery. Symptomatic bacteremia should be treated as per
local guidelines (see Chapter 7).

• Acute pyelonephritis
The clinical signs and symptoms of pyelonephritis
include pyrexia, rigors, flank pain, nausea and vomit-
ing and lower urinary tract symptoms such as cystitis
[36]. The complications of pyelonephritis include
increased risks for AKI, transfusion, need for mechan-
ical ventilation, acute heart failure, pneumonia, pul-
monary edema, acute respiratory distress syndrome,
sepsis, preterm labor and chorioamnionitis [37]. All
mothers should be admitted for at least 24 hours to
treat the pyelonephritis with intravenous antibiotics.
Risks to the pregnancy include preterm labor and
a pathological cardiotocography (CTG) secondary to
severe sepsis. Early intervention and administration of
intravenous antibiotics is required. Supportive mea-
sures including fluid resuscitation are warranted.

• Bilateral renal cortical necrosis
Bilateral renal cortical necrosis in themajority of cases
leads to irreversible kidney injury [38]. Abruption,
septic abortion, postpartum hemorrhage or any hypo-
tensive crisis can cause bilateral renal cortical necro-
sis. One single center in India found the incidence of
renal cortical necrosis in obstetrics has reduced over
20 years [12]. There were more 32/57 (56.2 percent)
cases of renal cortical necrosis in their obstetric popu-
lation than non-obstetric population. The overall
incidence is decreasing due to better access to health
care and improved guidelines.

Drugs
Drug-induced AKI does occur in pregnancy. Common
culprits include nonsteroidal anti-inflammatory drugs
(NSAIDs) and the aminoglycosides e.g. gentamicin.
Caution is required when NSAIDs are used postpar-
tum for analgesia. NSAIDs should be avoided in
mothers with chronic renal disease or those who may
have recently suffered a renal insult leading to AKI e.g.
postpartum hemorrhage and/or preeclampsia. The use
of magnesium sulphate infusion, a standard treatment
in the management of preeclampsia, can cause hyper-
kalemia or toxic magnesium levels in the presence of
AKI [39]. The guidelines for hyperkalemia for non-
obstetric adults should be followed in this situation,
including dextrose/insulin, and to consider calcium
gluconate infusion, if there are ECG changes consistent
with hyperkalemia.
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Antibiotics and NSAIDs may cause an interstitial
nephritis, which will usually recover on stopping the
medication. In kidney transplant recipients regular
monitoring of immunosuppressant levels such as
tacrolimus and ciclosporine is required to prevent
rejection and avoid drug toxicity that may cause AKI
during pregnancy (see Chapters 7 and 8).

De novo Renal Diseases during
Pregnancy
The importance of considering de novo glomerular dis-
ease causing AKI is very important as timely investiga-
tions and disease-specific treatment may prevent a poor
outcome. Dipstick urinalysis with microscopic hema-
turia and protein are key to the diagnosis of de novo
glomerular disease. Differentials include systemic lupus
erythematosus and other causes of glomerulonephritis.

• Systemic lupus erythematosus
Systemic lupus erythematosus (SLE) (see Chapter 14)
is a multisystem autoimmune condition. Severe lupus
flares occur in 25–30 percent of pregnancies and lupus
nephritis may present for the first time during the
pregnancy or in the postpartum period. One needs
to distinguish this from preeclampsia as many clinical
features are similar. Deteriorating renal function,
hypertension and worsening proteinuria and throm-
bocytopenia in the presence of an active urinary sedi-
ment, positive/rising anti dsDNA titers and
hypocomplementemia suggests a diagnosis of lupus
nephritis. Other features that may strengthen the
diagnosis of SLE include a skin rash (malar rash),
arthritis or a serositis. A kidney biopsy may be neces-
sary to confirm the diagnosis and subtype of lupus
nephritis (see Chapter 19 for risks versus benefits of
biopsy in pregnancy).

• Glomerulonephritidies
Limited data are available regarding de novo glomeru-
lonephritis in pregnancy. Causes of rapidly progressive
AKI include glomerulonephritis such as de novo
Goodpasture’s disease, ANCA vasculitis (see
Chapter 14) membranoproliferative and post-
streptococcal glomerulonephritis. Further investigations
will be required and early liaison with nephrologists and
a multidisciplinary approach is necessary.

Preexisting Chronic Kidney Diseases
Preexisting chronic kidney diseases such as lupus
nephritis and diabetic nephropathy can worsen in

pregnancy, causing superimposed AKI. However, it
may be difficult to distinguish deterioration of chronic
kidney disease (CKD) from superimposed preeclamp-
sia. It is important to have a prepregnancy renal profile
measurement and then continued surveillance of renal
function and protein leak during pregnancy with pre-
existing CKD. Disease activity and disease duration
prior to pregnancy influences the risk of relapse post-
partum of SLE [40]. Preexisting comorbidities such as
diabetes mellitus are risk factors for AKI in pregnancy.
Fetal outcomes are influenced by the underlying etiol-
ogy. The data regarding preexisting CKD and fetal
outcomes may not reflect AKI-related pregnancies
and fetal outcomes.

Urinary Tract Obstruction
• Acute renal obstruction
Bilateral acute renal obstruction is a very rare event in
pregnancy. Risk factors for acute obstruction include
polyhydramnios, multiple pregnancies and a single
kidney or transplanted kidney [41]. In the context of
loin pain or reduced amount of urine with an AKI,
acute obstruction should be considered. The urine
sediment is bland in this context. An urgent ultrasound
is key to confirming the diagnosis. Reasons for inter-
vention include a worsening AKI and the presence of
infection. Nephrostomy tubes and occasional ureteric
stents have been used to treat the hydronephrosis and
prolong the pregnancy (see Chapter 16) [42].

• Bladder injury
Iatrogenic injuries to the bladder and ureter are
uncommon, 0.006–0.94 percent, and rare causes of
AKI in pregnancy [43]. The risk is higher in an emer-
gency caesarean section. The early recognition and
repair of damage to the urinary tract will provide the
best outcomes.

• Acute tubular necrosis
AKI due to acute tubular necrosis (ATN) occurs in the
context of severe hypoperfusion to the kidneys.
Therefore it may develop in the context of postpartum
hemorrhage, sepsis, placental abruption and any fluid
deplete state. At presentation there is hypotension,
tachycardia and oliguria. The skin turgor is poor and
the mucous membranes dry. If diagnosed early when
the condition is still pre-renal, the AKI is reversible.
Once ATN is established, there is a delay in renal
function recovery. In such cases the management is
supportive.
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The Approach to AKI in Pregnancy
The objective is to have a structured approach to
a diagnosis of AKI and provide goal-directed treat-
ment. Supportive management includes the mainte-
nance of fluid balance, frequent reassessment and
review of medication chart.

The development of an AKI obstetric bundle
(refer to Figure 17.1) involves the following factors:

i) Initial recognition of AKI
ii) Assessment of fluid balance status in the mother
iii) Appropriate fluid replacement to the mother
iv) Avoidance of nephrotoxic medication and

review of the medication chart
v) Timely and appropriate uniform diagnostic

work-up to be provided
vi) Timely management and reassessment of the AKI

Initial Recognition of AKI
A creatinine >90μmmol/L or serial creatinine rise of
26μmmol/L or 20 ml/hr urine for 12 hours (if PET

excluded) is diagnostic of AKI in pregnancy.
However, most pregnant women do not have
a prepregnancy or early pregnancy renal profile as
a baseline; hence this may confound the diagnosis as
some may have preexisting CKD. It is important to be
aware of the oliguric phase of preeclampsia and rapid
fluid administration would be contraindicated in this
setting. Women with preeclampsia will likely have
a care plan already in place (see Chapter 18).

Assessment of Fluid Balance Status in the
Mother
An accurate assessment will enable appropriate
fluid resuscitation. An “ABCDE” approach allows
for this assessment. The fluid balance chart at the
best of times may be challenging and accurate
recording is essential. The measurement of
a lying and standing blood pressure is important
as this will unmask a hypovolemic state, if the
systolic difference in blood pressure is greater
than 20 mmHg.

Institute in all cases with creatinine >90 mmol/L /<20ml/hr urine for 5 hours. 

THIS IS POTENTIALLY A MEDICAL EMERGENCY

Full set of physiological observations BP/HR/RR/SATS/TEMP.
Assess for signs of shock/hypoperfusion – low BP/high HR/confusion/pale & cold skin.

Review history and past results. If MEOWS triggering – high flow oxygen. Review senior/HDU/ITU. 

Fluid therapy in AKI

If hypovolaemic give crystalloid 250ml. Followed by 125 ml/hr.* Assess BP, HR every 15mins.
If MEOWS score > 4  middle grade review.

Catheterise if obstruction and measure hourly urine output.

Monitoring in AKI

OBSTETRIC AKI CARE BUNDLE

Venous blood gas & lactate. Renal profile twice a day while creatinine rising. 
Fluid chart, regular fluid assessment and observations.

Supportive AKI care

If proteinuria and/or blood in urine: URGENT spot PCR and RED CELL CAST microscopy 
Ultrasound (obstruction)

Liver profile, low platelets blood film (fragmented RBC/PLT), LDH, bilirubin, reticulocytes

Investigations in AKI

Sepsis – ANTIBIOTICS within an hour. Review drug chart/thromboprophylaxis.

Causes Think STOP AKI
Prerenal Sepsis/hypovolaemia/PPH

Renal Toxicity NSAIDS, PET, HELLP, HUS, TTP
Postrenal Obstruction/Ureteric damage during delivery *Caution

with PET

Figure 17.1 Proposed obstetric AKI bundle [44]
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Appropriate Fluid Replacement to the
Mother
Fluid volume repletion needs to be timely.
If hypovolemic, and preeclampsia is excluded, imme-
diately administer 250 ml of crystalloid intravenously.
This should be followed by further crystalloid at
125 ml/h, and continuing reassessment. Preeclampsia
is a contraindication for rapid fluid administration as
there is a high risk of pulmonary edema in the mother.

Avoidance of Nephrotoxic Medication and
Review of the Medication Chart
On reviewing the drug chart, nephrotoxic drugs
should be stopped. Common drugs on the obstetric
units to avoid in AKI in pregnancy and postpartum
include aminoglycosides such as gentamicin, NSAIDS
that are regularly found in postpartum analgesia pro-
tocols and, when considering imaging modality, to
avoid the use of iodinated contrast dyes. Pregnancy
and the puerperium increase the risk for venous
thromboembolism, and in AKI there may be a need
to reduce the LMWH thromboprophylaxis dose.

A Timely and Appropriate Uniform
Diagnostic Work-Up
If dipstick urinalysis confirms proteinuria and/or
blood in urine, then an urgent spot protein creatinine
ratio and microscopy to look for red cell casts should
be requested. An early renal ultrasound should be
requested and performed within four to six hours if
obstruction is being considered. The biochemical
investigations should be requested in a timely fashion
and for specific causes. This would include a liver
profile, full blood count, blood film to look for frag-
mented red blood cells and platelets, lactate dehydro-
genase, bilirubin and reticulocytes.

Timely Management and Reassessment of
AKI
Adherence to the sepsis bundle and early administra-
tion of antibiotics within an hour of recognition of
sepsis is important. Reassessment and early multidis-
ciplinary input is required.

The indications for renal replacement therapy are
similar to those outside pregnancy when hyperkale-
mia, fluid overload, metabolic acidosis and uremia are
refractory to medical treatment (see Chapter 10).

An obstetric AKI care bundle may help to
provide a means of standardizing care and provide
high-quality care from all health professionals in
the obstetric units. Care bundles have been
reported to improve outcomes and provide
a recognized approach and definitive AKI care
bundles have been previously defined and are
established for non-obstetric AKI [44–45].
We have proposed an obstetric AKI bundle to
parallel these non-obstetric AKI guidelines to
ensure cohesive and well-structured management
on obstetric units, where women are managed
within a multidisciplinary team.

Future Perspectives
The public health burden of AKI in pregnancy long
term remains unknown. More studies and future
tools including biomarkers to detect AKI may be
beneficial.
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Chapter

18
Preeclampsia-Related Renal Impairment
Louise C. Kenny

Introduction
Preeclampsia is a pregnancy-specific, multisystem
disorder that affects 3–5 percent of pregnant women.
Globally, the disorder is a leading cause of maternal
and neonatal morbidity and mortality. There is
a major interplay between renal disease and pree-
clampsia. The disease is defined by the presence of
new-onset hypertension and proteinuria, which typi-
cally arises in the third trimester. Preeclampsia is the
most common form of renal impairment arising de
novo in late pregnancy, and, furthermore, it is well
recognized that underlying renal disease is an inde-
pendent risk factor for the development of preeclamp-
sia. In recent years, a deeper understanding of the
renal pathophysiology of preeclampsia has led to
improved clinical management of severe cases, parti-
cularly with respect to fluid balance and consequently
morbidity secondary to fluid overload has fallen sig-
nificantly. In this chapter, the renal pathophysiology
of preeclampsia and the differential diagnosis of renal
impairment, particularly in late pregnancy, are dis-
cussed. The investigation and management of pree-
clampsia-related renal impairment, particularly with
respect to intrapartum and postpartum care, are
described.

Renal Pathophysiology in
Preeclampsia
Normal pregnancy is characterized by marked glo-
merular hyperfiltration. The glomerular filtration
rate (GFR) begins to increase in the first trimester
and peaks in the second trimester at approximately
40–60 percent above nonpregnant levels [1, 2] (see
Chapter 1). The hyperfiltration of normal pregnancy
results from increased renal blood flow, which
increases by approximately 80 percent in the first
trimester of pregnancy and from a fall in oncotic
pressure in the plasma entering the glomerular capil-
laries that occurs secondary to plasma volume

expansion and hemodilution. This hyperfiltration
results in a fall in serum markers of renal clearance,
urea, creatinine and uric acid [3].

In preeclampsia, both GFR and renal plasma flow
are decreased by 30–40 percent compared with nor-
mal pregnancy of the same duration [4, 5], and this
results in a corresponding relative increase in serum
urea and creatinine. However, it is important to note
serum levels of creatinine considered normal in
a nonpregnant woman can represent renal impair-
ment in a pregnant woman with preeclampsia [6].

In normal pregnancy, urinary protein excretion
doubles [7]. Preeclampsia is characterized and indeed
is defined by the presence of more significant protei-
nuria. The International Society for the Study of
Hypertension in Pregnancy (ISSHP) defines signifi-
cant proteinuria as 300mg/day or more of protein in
a 24-hour urine collection or a spot urine protein/
creatinine ratio (PCR) of 30mg/mmol or more [8].
The American Congress of Obstetricians and
Gynecologists (ACOG) classification of severe pree-
clampsia includes proteinuria in excess of 5 g/day as
one of the qualifying criteria [9]. However, these cut-
off levels are somewhat arbitrary and without a sound
rationale. Moreover, although increased protein loss
suggests the presence of more significant renal injury,
the actual amount and the rate of increase of protei-
nuria have not been found to be consistent predictors
of either adverse maternal or fetal/neonatal outcomes
[10, 11, 12].

The mechanism for proteinuria in preeclampsia is
not well understood. Recent data suggest that a loss of
both size and charges selectivity of the glomerular
barrier contribute to the development of albuminuria
[5]. Morphometric studies of the kidney in pree-
clampsia have focused on the renal glomerulus and
a characteristic non-inflammatory lesion commonly
referred to as the glomerular endotheliosis [13, 14,
15]. It primarily involves swelling and the hypertro-
phy of the glomerular endothelial and mesangial cells,
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which encroach on and occlude the glomerular capil-
lary lumen, giving rise to the typical bloodless appear-
ance. Mesangial interposition may occur in severe
cases or in the healing stages. Glomerular sub-
endothelial and occasional mesangial electron-dense
deposits can be seen. These likely relate to fibrin or
related breakdown products. Immunofluorescence
may reveal deposition of fibrin or fibrinogen deriva-
tives, particularly in biopsies done within two weeks
postpartum [16]. Electron microscopy demonstrates
the loss of endothelial fenestrae (Figure 18.1).

Despite heavy proteinuria, the podocyte foot pro-
cesses have traditionally been thought to be relatively
preserved [17]. Recent data, however, suggest pree-
clampsia is associated with subtle damage to the foot
process as evidenced by the appearance of podocy-
turia – the excretion of glomerular visceral epithelial
cells or podocytes into the urine of women with pre-
eclampsia [18]. It has been speculated that subtle

damage to the foot processes may actually be
a significant pathological event in preeclampsia [19]
as the epithelial podocytes secretes vascular endothe-
lial growth factor (VEGF) and at least certain VEGF
receptors, such as neuropilins, are expressed on podo-
cytes [20]. Increasing soluble fms-like tyrosine kinase-
1 (sFlt1) (a soluble VEGF antagonist) levels in rodents
produces a renal lesion similar in appearance to glo-
merular endotheliosis characteristic of preeclampsia,
which suggests that impairment of VEGF signaling in
the kidney may be responsible for this lesion [21].
Indeed, genetic deficiency of VEGF production in
the podocytes also leads to glomerular endotheliosis
[22]. Finally, dramatic decreases in nephrin (a
podocyte markers) have been noted in the glomerular
podocytes of animals that are exposed to sFlt1 or
VEGF antibody and in the glomeruli that are obtained
from human preeclamptic renal biopsy specimens
[23].

It has been claimed [13] and refuted [24] that
glomerular endotheliosis is pathognomonic.
The former view would suggest that preeclampsia is
primarily a renal disease. It is now accepted that renal
involvement in preeclampsia can vary markedly and
always occurs secondary to the primary uteroplacen-
tal pathology. In support of this, normal renal histol-
ogy has been found in some cases of eclampsia [25]
and previous biopsy studies have found biopsy-
proven glomerular capillary endotheliosis in only
84 percent of nulliparae with a clinical diagnosis of
preeclampsia and in only 38 percent of multiparae
[15]. Interestingly, a recent study reported that glo-
merular endotheliosis is present in the kidneys of
approximately 40 percent of normotensive pregnant
women [24]. This study was unique for several rea-
sons, but particularly because of the major ethical
debate triggered by its publication [26]. It involved
renal biopsy, a procedure with a well-documented risk
profile, of healthy pregnant women. The role of renal
biopsy in pregnancy is discussed in detail in
Chapter 19. Suffice it to say that renal biopsy is rarely
helpful in the differential diagnosis of preeclampsia,
least of all in the nulliparous woman in the third
trimester.

Glomerular enlargement and endothelial swelling
usually disappear within eight weeks of delivery, coin-
ciding with resolution of the hypertension and pro-
teinuria. Further investigation, including renal
biopsy, may be indicated in women with persisting
signs in the puerperium (see Chapter 5).

Figure 18.1 Transmission electron microscopy of a representative
glomerular capillary enumerating pathological changes associated
with pre-eclampsia; these include: (1) hypertrophied endothelial
cells, (2) swollen segments of endothelial cytoplasmic rim in which
fenestrae are not discernible, (3) sub-endothelial fibrinoid and
granular deposits, and (4) interposition of mesangial cells;
reproduced by permission from Macmillan Publishers Ltd: Kidney
International, Lafayette et al. 4 © 1998
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Differential Diagnosis of
Preeclampsia-Related Renal
Impairment

Preexisting Renal Disease and Preeclampsia
In a primigravid woman with no antecedent history,
the onset of hypertension and proteinuria during the
third trimester is almost synonymous with pree-
clampsia. However, preeclampsia can mimic
a variety of conditions that can manifest with the
same symptoms and signs. Thus, on occasion the
presentation of proteinuria and hypertension in preg-
nancy may pose a diagnostic dilemma. This is parti-
cularly true in the case of an unbooked woman
without a clearly documented normal blood pressure
urinalysis in whom hypertension and proteinuria may
represent an exacerbation or onset of an underlying
renal condition. The issue is further complicated by
the fact that preeclampsia can be superimposed on
preexisting renal disorders and it can be difficult to
distinguish between the two. It is imperative, wher-
ever possible, to make a rapid diagnosis of preeclamp-
sia as the condition remains a leading cause of
maternal mortality in the developed world and
delayed diagnosis and inappropriate clinical manage-
ment contribute to the mortality rates.

In women of childbearing age, the most common
causes of renal impairment are:

• reflux nephropathy
• diabetic nephropathy
• systemic lupus erythematous (SLE)
• other forms of glomerulonephritis
• polycystic kidney disease

All of these predispose to the development of
superimposed preeclampsia. In women presenting
with renal impairment in pregnancy, the aggressive
nature and attendant morbidity of preeclampsia may
render it dangerous and inadvisable to conduct an
exhaustive search for an underlying renal disorder.
If there is doubt about the diagnosis, preeclampsia
should be overdiagnosed [27] and a search for
a definitive diagnosis delayed until the postpartum
period.

The one possible exception to this rule is lupus
nephritis (see Chapter 14). This is a common cause
of renal insufficiency in women of childbearing age.
Exacerbations increase the risk of renal failure.

Approximately half of women experience an exacer-
bation of lupus during pregnancy (although it is
much less common in women who have been in
remission for more than six months). Fetal loss
rates are high. Wherever possible a full history and
investigation should seek to exclude (or implicate)
this from the list of differential diagnoses of renal
impairment in pregnancy because the treatment,
particularly remote from term, is different from
that of other forms of renal impairment. Treatment
for lupus flares, aimed at inducing remission,
includes prednisolone and azathioprine. It is impor-
tant to have a high degree of confidence that worsen-
ing renal function in a woman with lupus reflects an
exacerbation of the underlying disease and is not the
development of superimposed preeclampsia because
prednisolone, although usually well tolerated, may
worsen hypertension and lead to further complica-
tions. Furthermore, continuing the pregnancy in the
presence of established preeclampsia may be fatal for
mother and infant. There is increasing data on newer
biologic agents in pregnancy, in particular B-cell
depletion therapy (see Chapter 7). Rituximab (a
chimeric anti-CD20 monoclonal B cell-depleting
antibody) was initially developed for hematologic
malignancies and active rheumatoid arthritis, but
has been used with some success in patients with
lupus. Despite counseling to avoid pregnancy,
women have inadvertently become pregnant during
or after rituximab treatment. The Rituximab Global
Drug Safety Database details 153 pregnancies with
known outcomes. Ninety resulted in live births.
Twenty-two infants were born prematurely, with
one neonatal death at six weeks. Eleven neonates
had hematologic abnormalities; none had corre-
sponding infections. Two congenital malformations
were identified: clubfoot in one twin, and cardiac
malformation in a singleton birth [28]. These are
good outcomes considering the indications for
which rituximab was used (predominantly for hema-
tological malignancies and often combined with
other chemotherapeutic agents). Belimumab is the
first targeted biologic agent developed specifically for
SLE. Use in pregnancy is limited and a pregnancy
registry has been set up by the manufacturer [29].

The presence of lupus anticoagulant and/or anti-
cardiolipin antibodies increases the risk and the like-
lihood of renal lupus flares. Therefore all women with
lupus should be screened for these antibodies.

Chapter 18: Preeclampsia-Related Renal Impairment

209
19

18:17:47



Recent advances in the understanding of the role
circulating angiogenic factors (sFlt1 and placental
growth factor [PlGF]) play in the pathogenesis of
preeclampsia offer the potential of more accurate
diagnostic tools. Levels of these factors correlate
with the diagnosis and adverse outcomes, particularly
when the disease presents prematurely (< 34 weeks).
Consequently, there has been much interest in
whethermeasurement of these angiogenic biomarkers
further helps differentiate preeclampsia and its com-
plications from other disorders that present with
similar clinical profiles. Emerging data suggests that
the sFlt1/PlGF ratio can distinguish women with
developing superimposed preeclampsia in women
with preexisting renal disease [30], particularly in
those with lupus nephritis [31], although further
large studies are need to confirm this.

Acute Renal Failure and Preeclampsia
Acute renal failure in the presence of preeclampsia is
rare and when it occurs it is usually precipitated by
hemolysis, elevated liver enzymes and low platelets
(HELLP) syndrome or significant obstetric hemor-
rhage. Acute renal failure caused by hypovolemic
states is often reversible if renal perfusion is restored.
Acute tubular necrosis follows more prolonged ische-
mia. It is also reversible and damage is limited to the
metabolically active tubular cells. More prolonged or
severe renal ischemia gives rise to acute cortical
necrosis characterized by disintegration of both glo-
meruli and tubules in the renal cortex. Although the
process is irreversible, it is the incomplete or patchy
variety that occurs more often in pregnancy.

There are several rare but important and difficult
differential diagnoses of oliguric acute renal failure in
late pregnancy and the puerperium. These include acute

fatty liver of pregnancy (AFLP), thrombotic thrombo-
cytopenic purpura (TTP) and atypical hemolytic ure-
mic syndrome (aHUS) (Table 18.1) (see Chapter 17).
Differentiating among these conditions is critical
because they respond to different therapeutic modal-
ities. However, the clinical and histological features are
so similar that establishing the correct diagnosis is often
difficult. Most important is the history (e.g. preceding
proteinuria and hypertension favor preeclampsia) and
time of onset. Preeclampsia typically develops in the
third trimester, but may rarely present before 20 weeks
with only a few percent of cases developing postpartum
usually in the first two days. TTP almost always occurs
antepartum; many cases begin before 24 weeks, but the
disease also occurs in the third trimester. Atypical HUS
is generally a postpartum disease. Symptoms can begin
before delivery, but the onset in most cases is delayed
for 48 hours or more after delivery (mean about four
days). AFLP is characterized by acute hepatic failure
with a significant elevation of liver function tests and
renal function abnormalities tend to be mild unless
disseminated intravascular coagulation (DIC) and
hemorrhage intervene. These conditions often share
clinical and laboratory features and, at times, progress
from one to another.

Antenatal and Intrapartum
Management of Renal Impairment in
Preeclampsia

Management of Hypertension

Antenatal Control of Blood Pressure
The pharmacological treatment of high blood pres-
sure in pregnancy in women with preexisting renal

Table 18.1 Laboratory differential diagnosis in pregnancy-associated thrombotic microangiopathies

Abnormality HUS/TTP AFLP
Preeclampsia/HELLP
syndrome

Abnormal PT/PTT No Yes No

Hemolysis Yes Yes Yes

Thrombocytopenia Yes Yes Yes

Abnormal liver function tests No Yes Yes

Abnormal renal function tests Yes No/Yes No/Yes

AFLP = acute fatty liver of pregnancy; HELLP syndrome = hemolytic anemia, elevated liver enzymes and low platelet count; HUS =
hemolytic uremic syndrome; PT = prothrombin time; PTT = partial thromboplastin time; TTP = thrombotic thrombocytopenic purpura
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disease and/or chronic hypertension is an important
and contentious issue (see Chapter 8). Blood pressure
targets for women with hypertension in pregnancy
have been much debated and there is little consensus.
International guidelines vary, with some recommend-
ing treatment goals consistent with either “less-tight
control” (blood pressure that is higher than normal
but not severely elevated) or “tight control” (the use of
antihypertensive therapy to normalize blood
pressure).

Many clinicians believe that women with evidence
of end-organ disease should be treated as aggressively
as nonpregnant women to achieve blood pressures
averaging below 140/80 mmHg. Previous randomized
controlled trials (RCTs) have been small and of mod-
erate or poor quality. Tight control has been asso-
ciated with maternal benefits (e.g. a decrease in the
frequency of severe hypertension and possibly in the
rate of antenatal hospitalization). However, a meta-
regression showed that every 10 mmHg fall in
mean arterial pressure in women taking antihyperten-
sives was associated with a 145 g decrease in birth
weight [32].

The Control of Hypertension in Pregnancy Study
(CHIPS) trial, a large RCT designed to compare less-
tight control with tight control of non-proteinuric,
non-severe hypertension in pregnancy recently
reported. The investigators found no significant dif-
ferences in the risk of pregnancy loss, high-level neo-
natal care or overall maternal complications between
the tight and less-tight group, although less-tight con-
trol was associated with a significantly higher fre-
quency of severe maternal hypertension [33].

This evidence would suggest that women with
renal disease and/or chronic hypertension in preg-
nancy can be managed with antihypertensive thera-
pies to obtain tight control without an increased risk
of adverse outcome for the fetus. Lowering blood
pressure does not cure or prevent the onset of super-
imposed preeclampsia, but it may permit prolonga-
tion of pregnancy because uncontrolled blood
pressure is frequently an indication for delivery.

A variety of antihypertensive agents are available
for use in pregnant women and a summary of com-
monly used agents is provided in Table 8.1.
A discussion of these agents focusing on their phar-
macokinetics and dynamics can be found in Chapter 8
[34]. The use of angiotensin-converting enzyme
(ACE) inhibitors in pregnancy has been associated
with increased rates of congenital malformations,

intrauterine growth restriction, hypoglycemia, kidney
disease and preterm birth [35]. Similarly, studies have
linked the use of angiotensin II receptor blockers
(ARBs) in pregnancy with an increased risk of con-
genital malformations [36]. The diuretic chlorothia-
zide may also increase the risk of congenital
abnormality, neonatal thrombocytopenia, hypoglyce-
mia and hypovolemia [37]. Despite the relatively poor
quality of these studies, there is sufficient concern to
avoid the use of ACE inhibitors, ARBs and chlorothia-
zide both in women with preexisting renal disease
and/or chronic hypertension planning pregnancy
and for the treatment of hypertension in pregnancy.

For antihypertensive drugs currently in use, other
than the aforementioned agents, there is no evidence
for teratogenicity, although the quality of the data is
generally poor.

There are limited good-quality trials to evaluate
the effectiveness of alpha- and beta-blockers, methyl-
dopa and calcium channel antagonists for the treat-
ment of chronic hypertension during pregnancy and
very few head-to-head comparisons. Consequently,
international guidelines vary.

Control of Blood Pressure in Severe Preeclampsia
In women with severe preeclampsia, there is an urgent
need to lower blood pressure. Uncontrolled systolic
blood pressure in severe preeclampsia is associated
with cerebrovascular and cardiovascular complica-
tions. Lowering blood pressure leads to a decrease in
maternal death.

The aim of stabilization of blood pressure is to
reduce the blood pressure to below 160/105 mmHg in
the first instance (mean arterial pressure below 125
mmHg) and maintain the blood pressure at or below
that level. There are two agents of choice: labetalol and
hydralazine.

If the woman can tolerate oral therapy, an initial
200 mg dose of labetalol can be given. This can be
done immediately before venous access is obtained
and so can achieve as quick a result as an initial
intravenous dose. This should lead to a reduction in
blood pressure in about half an hour. A second of
those can be given if needed.

If there is no initial response to oral therapy, or if it
cannot be tolerated, control should be achieved with
repeated boluses of intravenous labetalol followed by
a labetalol infusion. A bolus infusion of 50 mg should
be given over at least five minutes. This should have
an effect by 10 minutes and should be repeated if
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diastolic blood pressure has not been reduced to
below 160/105 mmHg. This can be repeated in doses
of 50 mg to a maximum dose of 200 mg at 10-minute
intervals. Following this, or as an initial treatment in
moderate hypertension, a labetalol infusion should be
commenced at an initial rate of 20mg/hour, doubled
thereafter every half hour to a maximum of 160 mg/
hour until the blood pressure has dropped and stabi-
lized at an acceptable level. Labetalol is contraindi-
cated in women with asthma and should be used with
caution in women with preexisting cardiac disease.

If labetalol is contraindicated or fails to control the
blood pressure, hydralazine is an alternative agent.
A second agent should be considered where mean
arterial pressure is persistently over 120 mmHg.
In such cases, it is normally appropriate to continue
the first drug i.e. labetalol while administering
the second.

Hydralazine is given as a bolus infusion of 5 mg
over five minutes measuring the blood pressure every
five minutes. This can be repeated every 20 minutes to
a maximum dose of 20 mg. This may be followed by
an infusion of 40 mg of hydralazine at any rate of
1–5mg/hour. However, the labetalol infusion is con-
tinued; the hydralazine may not be required as the
blood pressure will probably settle with the bolus
dose.

Fluid Balance
Inappropriate management of renal impairment in
preeclampsia can be fatal. Left ventricle dysfunction
and capillary leak complicate fluid management in
severe preeclampsia. A review of the last five triennial
reports of the Confidential Enquiries into Maternal in
Child Health illustrates the declining mortality rates
from acute respiratory distress syndrome and pul-
monary edema as awareness of the importance of
appropriate fluid management has grown.

Clinical guidelines, both national and local,
regarding the management of preeclampsia empha-
size the need for careful fluid balance aimed at avoid-
ing fluid overload. While there is some variation,
there is a consensus that in severe preeclampsia total
input should be limited to 80ml an hour of
a crystalloid solution. If oxytocin is used, then it
should be at a high concentration and the volume of
fluid included in a total input. Such a “dry” regime
provokes oliguria, particularly if the woman is still
undelivered or laboring. This should not precipitate
any specific intervention except to encourage early

delivery. Even with this “dry” approach, acute renal
shutdown is extremely unlikely unless there is
a concomitant hypotension, coagulopathy or the use
of nonsteroidal anti-inflammatory agents such as
diclofenac.

As women with preeclampsia tend to maintain
their blood pressure despite regional blockade, fluid
load prior to regional anesthesia is unnecessary and
may complicate fluid balance. For this reason fluid
loading in preeclampsia should always be controlled
and should never be done prophylactically or routi-
nely. Hypotension when it occurs can be easily con-
trolled with small doses of ephedrine.

Following delivery series restriction should con-
tinue until a natural diuresis occurs, usually around
36 to 48 hours post delivery. The total amount of fluid
(the total of intravenous and oral fluids) should be
given at 80 mL an hour. It is important to remember
that this must include the volume of fluid in drug
infusions such as magnesium and labetalol.

Urine output should be recorded hourly and each
four-hour block should be summated and recorded.
Each four-hour block should total in excess of 80 ml.
If two consecutive blocks fail to achieve 80 ml, then
further action is appropriate. This would either be:

• If total input is more than 750 ml in excess of
output in the previous 24 hours (or since starting
the regime), 20 mg of intravenous furosemide
should be given. Colloid should then be given as
follows if a diuresis of more than 200 ml in the
next hour occurs.

Or

• If total input is less than 750 ml in excess of output
in the previous 24 hours (or since starting the
regime), then an infusion of 250mL of colloid over
20 minutes should be given. The urine output
should then be watched until the end of the next
four-hour block. If the urine output is still low,
then individual unit policies for fluid management
in preeclampsia should be followed and liaison
with and referral to a renal physician would be
advisable.

Central Venous Pressure Monitoring
Central venous pressure (CVP) monitoring may mis-
lead in preeclampsia as it does not correlate well with
the pulmonary capillary wedge pressure in these
women [38]. Owing to the fact that pulmonary
wedge pressure may be high in the absence of an
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elevated CVP, assessment of whether themyocardium
is handling the therapeutic volume expansion can be
assessed only after placement of a pulmonary artery
catheter. The risks of pulmonary artery catheteriza-
tion are well described and evidence supporting ben-
efit is subjective at best [39]. It will only be necessary
in very selected cases. CVPmonitoring may occasion-
ally be useful to exclude volume depletion as a cause of
severe or prolonged postpartum oliguria that requires
total interpretation.

Dialysis
Most of the problems linked to acute renal failure will
respond to conservative management, but if this
approach is unsuccessful, dialysis will be necessary.
Both hemodialysis and peritoneal dialysis can be used
in pregnant or recently delivered women (see
Chapter 10). The main indications for the dialysis are:

• Volume overload with congestive heart failure
• Severe hyperkalemia (K more than 7.0mmol/l)
• Severe acidosis
• Uremic symptoms not manageable by

conventional methods

Seizure Prophylaxis
The drug of choice for the treatment and prevention of
eclampsia is magnesium sulphate, but 97 percent of
magnesium is excreted in the urine and therefore the
presence of oliguria can lead to toxic levels. In the
presence of oliguria or chronic kidney disease, following
the normal loading dose of magnesium, further admin-
istration should be reduced or withheld. If magnesium
is not being excreted, then levels should not fall and no
other anticonvulsant is needed. Magnesium should be
reintroduced if urine output improves.

Postnatal Follow-Up
Hypertension frequently persists after delivery in
women with antenatal hypertension or preeclampsia
and blood pressure may be labile in the initial post-
partum days. Some of this lability may reflect the
redistribution of fluids from the extracellular to the
intravascular space. However, postpartum hyperten-
sion that persists beyond 12 weeks postpartum may
represent previously undiagnosed chronic hyperten-
sion, which should be investigated, followed and trea-
ted appropriately.

Postpartum evaluation should be considered for
women with preeclampsia who developed the

condition early (before 34 weeks of gestation), had
severe or recurrent preeclampsia or who have persis-
tent proteinuria. In these cases, underlying renal dis-
ease, secondary hypertension and thrombophilias
(e.g. factor V Leiden, prothrombin 20201, anticardio-
lipin antibodies and lupus anticoagulant) may be con-
sidered. Studies report varying rates of underlying
and previously undiagnosed renal disease in women
with severe preeclampsia ranging from 12.1 percent to
71.7 percent [40].

Counseling for future pregnancies requires consid-
eration of different recurrence rates for preeclampsia,
depending on the pathogenesis and population char-
acteristics. The earlier in gestation, the higher the risk
of recurrence: before 30 weeks, recurrence rates may
be as high as 40 percent [41]. If preeclampsia has
developed in a nulliparous woman close to term (i.e.
after 36 weeks), the risk or recurrence is thought to be
about 10 percent. Women who have had HELLP syn-
drome have a high risk of subsequent obstetric com-
plications with preeclampsia occurring in 55 percent,
although the rate of recurrent HELLP syndrome
appears to be low at only 6 percent [42].

Hypertensive diseases of pregnancy have been
associated with an elevated risk of hypertension and
stroke in later life. In one study gestational hyperten-
sion was associated with the relative risk (RR) of 3.72
subsequent hypertension and preeclampsia, with an
RR of 3.98 for subsequent hypertension and 3.59 for
stroke [43]. Preeclampsia associated with preterm
birth is also a risk factor for ischemic heart disease
when studied retrospectively [44]. These associations
may serve to increase awareness of the need to moni-
tor for future hypertensive and cardiovascular disor-
ders [45].
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Chapter

19
Renal Biopsy in Pregnancy
Nigel Brunskill

Renal Biopsy in General Nephrological
Practice
Since its first description in the early 1950s [1],
percutaneous renal biopsy has evolved to become
an indispensable tool in the management of patients
with kidney disease. In general nephrological prac-
tice, the commonest indications for performing
native kidney biopsy are in some patients with
nephrotic syndrome, unexplained urinary dipstick
abnormalities, acute kidney injury, renal dysfunc-
tion in the setting of systemic immunological dis-
eases such as lupus or vasculitis, unexplained
chronic kidney disease (CKD) and familial renal
disease. Ideally, the biopsy should provide specific
diagnostic and prognostic information, and facili-
tate informed management decisions. Recent pro-
spective studies show that the pathological diagnosis
provided by kidney biopsy results in altered patient
management in 50–80 percent of cases [2].

In some situations, renal biopsy may be unsafe or
technically impossible. An uncorrectable bleeding
diathesis is an absolute contraindication to percuta-
neous renal biopsy, whereas hyper- (blood pressure >
160/95) or hypotension, urinary infection, low platelet
count, single kidney, renal cysts or tumor, severe
anemia, uremia, obesity and an uncooperative patient
are relative contraindications [2].

In general, renal biopsy is performed with the
patient in the prone position using local anesthesia.
Ultrasonography is used to locate the lower pole of the
kidney and a biopsy needle advanced to the kidney
under direct ultrasound guidance. This may be more
challenging in large or obese patients. The disposable
biopsy needle is attached to a spring loaded biopsy
“gun” with a trigger mechanism that, when released
with the patient’s breath held, instantly advances the
needle tip into the kidney. The biopsy needle is then
withdrawn and the sample of renal tissue removed
from the sample notch of the needle. This procedure

may need to be repeated to obtain sufficient tissue for
analysis.

Renal biopsy is not an uncomplicated procedure
[3, 4, 5, 6]. Pain around the biopsy site is common, but
severe pain should raise the possibility of significant
peri-renal hemorrhage. Bleeding may also occur into
the urine with macroscopic hematuria (3 percent) and
painful clot colic. Some degree of peri-renal bleeding
is inevitable after every biopsy and a mean fall in
hemoglobin of 1 g/dL has been reported [2]. More
severe bleeding complications requiring transfusion,
renal embolization or surgery occur in approximately
0.1 percent of procedures. Other organs (liver, spleen,
pancreas, gallbladder, large and small bowel) may be
inadvertently biopsied or injured. Hematoma may
rupture into the peritoneal cavity or track along the
psoas muscle into the groin. Trauma to renal, mesen-
teric and lumbar arteries are all described, as are
pneumo- and hemothorax and calyceal-peritoneal fis-
tula [3]. Renal arteriovenous fistulae are also
described [7]. Death following severe hemorrhage is
rare, but reported.

Evidence suggests that serious biopsy complica-
tions are more likely to occur in patients with severe
illness, particularly severe acute kidney injury and
poorly controlled blood pressure, or in those who
have other relative contraindications. In some series,
renal amyloidosis is associated with a greater bleeding
tendency after renal biopsy [6]. Careful patient selec-
tion is suggested to minimize risks [4]. Therefore,
although renal biopsy is regarded as a safe procedure,
it should be performed only under the supervision of
experienced operators after careful patient evaluation.

Experience of Renal Biopsy in
Pregnancy
Pregnancy in women with CKD is associated with
adverse maternal and fetal outcomes [8, 9], and
there is an understandable desire of carers to fully
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understand underlying nephrological conditions in
these patients. Despite the rarity of significant renal
biopsy complications in nonpregnant individuals,
most experienced clinicians will have encountered
these problems, and decisions around renal biopsy
are often difficult and the source of considerable anxi-
ety. These feelings of anxiety are exacerbated when the
performance of a potentially morbid, invasive diag-
nostic intervention is considered in pregnancy when
the “stakes”may be higher. Therefore, it is important
when considering renal biopsy in the special situation
of pregnancy to ask: i) is renal biopsy safe with
a complication rate no worse than that in the non-
pregnant situation? and ii) does the information
obtained by renal biopsy affect the management of
the mother or the pregnancy?

A few studies have specifically evaluated indica-
tions for renal biopsy in pregnancy with its subse-
quent outcomes, and it is useful to consider the
evidence from this work in chronological sequence.
Initial reports were encouraging. Macroscopic hema-
turia occurred in just 3.5 percent of several hundred
renal biopsies performed in pregnancy or shortly
thereafter in an effort to establish the importance of
chronic renal disease as a cause of hypertension in
pregnancy [10], although the renal biopsy itself was
not the focus of the author’s interest. The first series
concentrating on complications of renal biopsies in
pregnancy was provided by Schewitz [11] and is
widely referenced. The complication rate in their ser-
ies was unacceptably high – a greater than 16 percent
rate of macroscopic hematuria, nearly 5 percent peri-
renal hematomas and one maternal death. It must be
borne in mind, however, that the patients reported by
these authors were biopsied during the formative
years of the biopsy procedure, and that biopsy tech-
niques were very different from those in use today.
Also, indications and contraindications were less well
developed, and therefore patient selection was less
stringent than may be the case currently. Indeed,
other workers demonstrated that complications may
be considerably less than indicated by the study of
Schewitz [11] and suggested guidelines for the use of
renal biopsy in pregnancy [12].

Packham and Fairley [13] reported the outcomes
of 111 renal biopsies performed in the first or second
trimester of pregnancy over a 21-year period up to
1985. Of these women, 22 had a preexisting diagnosis
of glomerulonephritis and were biopsied in preg-
nancy to assess progress of this condition. The most

common indications for biopsy in the remainder were
hematuria and proteinuria (36 percent of all biopsies),
nephrotic syndrome (12 percent), hematuria, protei-
nuria and hypertension (10.5 percent) and impaired
renal function (8 percent). Four patients underwent
renal biopsy because of severe early preeclampsia and
fetal death in an earlier pregnancy but in the absence
of hypertension or renal abnormalities in the index
pregnancy, and none of these yielded a positive diag-
nosis of glomerulonephritis. In 80 percent of those
biopsied in pregnancy for the first time, a positive
diagnosis of glomerulonephritis was revealed. In the
nine nephrotic patients, seven had membranous
nephropathy, one had focal segmental glomerulo-
sclerosis and one had IgA nephropathy. How often
this information altered clinical management was not
discussed. The complication rate, including failure to
obtain tissue, was very low at 7.2 percent. There were
no serious complications. The authors concluded that
renal biopsy was safe in pregnancy, advocated
a relaxed approach to renal biopsy in pregnancy and
proposed increasing its use. However this suggestion
was challenged in an accompanying editorial where
a more moderate interventional approach was
advanced [14].

Kuller, D’Andrea and McMahon [15] reported
results collected from 18 women biopsied at ≤30
weeks or immediately postpartum (three biopsies).
The complication rate was relatively high with seven
identifiable hematomas (38 percent) and two patients
(11 percent) requiring blood transfusion as
a consequence. Again, precisely how often biopsy
diagnosis altered management is not clear, although
the absence of glomerular endotheliosis in some
women may have resulted in prolongation of their
pregnancy. In a series of 15 renal biopsies prior to 30
weeks’ gestation performed because of renal impair-
ment of obscure cause or nephrotic syndrome, the
only complication was macroscopic hematuria in
one patient. As a result of these interventions, 11
patients were treated with glucocorticoids [16].
Experience of 20 renal biopsies in pregnancy from
the Queen Elizabeth Hospital, Birmingham, UK, indi-
cates that in carefully selected patients, the procedure
yields a positive diagnosis of glomerular disease in
95 percent, a change in management in 40 percent
and no serious complications [17].

Strevens and colleagues [18] biopsied 36 women
with hypertension in pregnancy to compare glo-
merular endothelial changes with those observed
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in contemporaneous biopsies from 12 women with
normal control pregnancies. The mean blood pres-
sure of the proteinuric hypertensives in this study
was 150/101 mmHg. One woman with early-onset
severe preeclampsia developed a hemodynamically
significant hematoma and required blood transfu-
sion. Glomerular endotheliosis was found in most
healthy controls in addition to all the hypertensive
women, and the authors concluded that this lesion
is not specific for preeclampsia. This series was also
reported by Wide-Swensson, Strevens and Willner
[19], who provided more details of biopsy-related
complications. Three women complained of pain
after their biopsy and one had a small peri-renal
hematoma. One woman with severe pregnancy-
induced hypertension, proteinuria, oliguria and
pulmonary edema at 25 weeks of a twin pregnancy
suffered a large retroperitoneal bleed requiring
renal embolization following renal biopsy. This
represents a 1.8 percent rate of serious complica-
tions, and it is unsurprising that a patient with
severe hypertension should be affected.

Several questions exist about the ethics of the
studies reported by these authors [18, 19]. Few med-
ical practitioners consider renal biopsy an appropri-
ate diagnostic investigation in preeclampsia because
management is insufficiently altered to justify the
risks involved, regardless of any perceived uncertain-
ties about underlying pathology. Women with
poorly controlled blood pressure in the setting of
preeclampsia, such as those deliberately enrolled in
this study, fall into a group at high risk of complica-
tions. In fact, generally accepted clinical criteria (see
earlier in this chapter) contraindicate the renal
biopsy procedure in individuals with this degree of
hypertension. Generally speaking, given the una-
voidable risks of renal biopsy, this author believes
that subjecting normal controls to the procedure in
any study is ethically unacceptable. Despite these
concerns, the study was reported twice by the same
group in 2003 and 2007. The data in the two papers
are very similar, although the latter publication [19]
fails to reference the former [18].

Han and colleagues [20] reported a series of renal
biopsies performed to assess preeclampsia/eclampsia
in the antepartum or immediate postpartum
periods. In three antepartum biopsies (28–30 weeks’
gestation) and five postpartum biopsies, typical find-
ings of enotheliosis were observed and no serious
complications were encountered. Whether patient

management was significantly altered by this infor-
mation is unclear [20].

A recent systematic review [21], focusing on risks
and timing of kidney biopsy in pregnancy, has exam-
ined data available in 39 published references report-
ing 243 biopsies in pregnancy and 1,236 after delivery.
Evidence was heterogeneous but suggested that, com-
pared to postpartum biopsy, biopsy in pregnancy is
likely more risky with a peak risk around 25 weeks.

When Should Renal Biopsy
Be Performed in Pregnancy?
Overall the available published evidence from studies
of contemporary practice suggests that the complica-
tion rate of renal biopsy in pregnancy is broadly
similar to that encountered with this intervention in
general nephrological practice. It is possible that the
pro-thrombotic environment engendered by preg-
nancy may mitigate bleeding. Nonetheless, because
the reported experience of renal biopsy in pregnancy
in the modern era amounts to only a few hundred
cases, compared to thousands in the nonpregnant
setting, it is not possible to conclude with complete
confidence that rates of unusual but serious complica-
tions are equivalent. Clearly, if enough biopsies of
pregnant women are performed, a serious complica-
tion will eventually follow. Therefore, in pregnancy,
consideration should be given to the same absolute
and relative contraindications to the biopsy procedure
that apply to the nonpregnant situation (see earlier in
this chapter). Potential operators should not be
tempted to perform a renal biopsy in an unfamiliar
manner, for example, with the patient seated rather
than prone. This may be of particular relevance in
pregnancies over 24 weeks’ of gestation when it may
be difficult or uncomfortable for women to lie prone.
Also, as in the nonpregnant setting, renal biopsy
should not be performed in the presence of hyperten-
sion (> 160/95) [2].

Given these caveats, what indications necessitate
renal biopsy in pregnancy? It can be difficult to
distinguish between preeclampsia and primary renal
disease in pregnancy, and often the two may coexist.
However, it is usually possible to distinguish between
the two conditions by observing other clinical para-
meters. In preeclampsia, proteinuria generally devel-
ops rapidly after 20 weeks’ gestation, and other
features such as falling platelet count and abnormal
liver enzymes and placental and fetal Dopplers may
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point to this diagnosis. Considering this, and in the
knowledge that those bleeding complications that
have been observed with renal biopsy in pregnancy
particularly afflict hypertensive preeclamptics, renal
biopsy cannot be recommended routinely as an inves-
tigation for preeclampsia.

In non-preeclamptic women with nephrotic syn-
drome after 32 weeks’ gestation, delivery should be
expedited and renal investigations postponed to the
postpartum period. Before 28 weeks of gestation,
renal biopsy should be performed to make
a histological diagnosis and to guide therapy since
some lesions may be amenable to steroid therapy.
Between 28 and 32 weeks of gestation, the decision is
less straightforward. Themajor question is whether the
mother has a condition, predominantly minimal
change disease, that may respond promptly to steroids.
In adults of childbearing age, minimal change disease
comprises only ~25 percent of all nephrotic syndrome
andmay respondmore slowly to therapy than the same
condition diagnosed in children. It may be difficult to
justify antepartum biopsy simply in order to prolong
pregnancy for a couple of weeks to improve fetal out-
come, when any maternal intervention is unlikely to
have had a therapeutic effect. A trial of steroids is
a possibility, but many clinicians are uncomfortable
with blind glucocorticoid treatment given the potential
maternal complications such as hypertension, infection
and diabetes [22]. Some literature also suggests that the
prenatal use of glucocorticoids may initiate, in the
fetus, a program of physiological changes resulting in
cardiovascular and metabolic disease in adulthood
[23]. Therefore, in a morbidly nephrotic woman after
28 weeks’ gestation, when fetal viability is likely to be
good, delivery should be expedited and renal investiga-
tion pursued thereafter.

Acute kidney injury in pregnancy with no appar-
ent cause may require renal biopsy. In some systemic
disorders such as lupus, serological investigations may
be helpful diagnostically, and elucidation of renal his-
topathology may be a key determinant of therapy.
Indeed, prompt therapeutic intervention may be
required to preserve renal function. Therefore, before
28 weeks, biopsy should be performed, but at later
gestations, the pregnancy should be brought to an
end to facilitate subsequent renal biopsy.

The finding in pregnancy of stable CKD and
hypertension with an active urinary sediment sugges-
tive of a renal parenchymal disease should provoke
close supervision and blood pressure control, but not

renal biopsy, which would be unlikely to alter man-
agement. A similar approach should be applied to
non-nephrotic proteinuria, with or without renal
functional impairment.

Overall renal biopsy in pregnancy appears safe.
Definite indications for its use exist before 28 weeks’
gestation, but are unusual. Thus renal biopsy should be
needed only rarely in pregnancy, and not after 28 weeks’
gestation.
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Chronic Kidney Disease in Pregnancy –
General
• Multidisciplinary teams (MDT) should be

established to assess and care for pregnant women
with chronic kidney disease (CKD), including
women receiving dialysis and kidney transplant
recipients.

• The MDT requires, as a minimum, an
obstetrician, a renal/obstetric physician and
a specialist midwife, all with expertise in the
management of CKD in pregnancy.

• All women with CKD and any healthcare
professionals looking after them should be able to
access the MDT.

• Calculated GFR formulae, including estimated
GFR (eGFR), are not valid for use in pregnancy,
and monitoring of serum creatinine should be
used in pregnancy.

• Women with CKD G1 and G2 can be advised
that obstetric outcome is usually successful;
however, there is an increased risk of antenatal
complications including preeclampsia, preterm
birth, fetal growth restriction, neonatal
intensive care unit (NICU) admission and
Caesarean delivery, such that consultant
obstetrician-led care is advised with nephrology
input as required.

• Women with CKD G3–G5 should be advised that
risk of obstetric complications is substantial,
including preeclampsia, preterm birth, fetal
growth restriction, NICU admission, Caesarean
delivery and temporary or permanent loss of renal
function, such that management of the pregnancy
should be by the MDT, with individualized plans
for shared care.

• Women who have not had prepregnancy
counseling by the MDT should be seen by the
MDT in pregnancy.

• CKD is not a contraindication to vaginal delivery.

Prepregnancy Counseling
• Women of childbearing age with CKD should be

made aware of implications regarding
reproductive health and contraception.

• Women with CKD considering pregnancy,
including women with lupus nephritis, recurrent
urinary tract infection (UTI), stones, bladder
reconstruction and living kidney donors, should
be offered prepregnancy counseling by the MDT.

• Preparation for pregnancy should be
individualized to each woman’s needs and, where
possible, should involve her partner.

• Prepregnancy counseling should allow discussion
of and, where possible, modification of remediable
risk factors, including disease activity, blood
pressure control, weight management, stability of
renal function, medication and familial
conditions.

• Written information should be shared with the
woman (and her referring clinician) to accompany
the information shared at the clinic appointment.

General Antenatal Care

Proteinuria
• Proteinuria should not be assumed to be due to

UTI.
• Women with greater than or equal to +1 dipstick

positive proteinuria should have formal
quantification of proteinuria.
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• Baseline quantification of proteinuria may be
undertaken by protein/creatinine ratio (PCR) or
albumin:creatinine ratio (ACR). Twenty-four-
hour collection for urine protein is not usually
required.

• Newly detected persistent proteinuria (ACR >
20mg/mmol or PCR > 30mg/mmol) before 20
weeks of gestation warrants investigation for
underlying renal disease.

Thromboprophylaxis
• Women with nephrotic syndrome should have

thromboprophylaxis in pregnancy and for six
weeks postpartum.

• Women with substantial proteinuria ACR >
70mg/mmol or PCR > 100mg/mmol) should be
risk-assessed for venous thromboembolism and
considered for thromboprophylaxis in pregnancy
and for six weeks postpartum.

• In women with CKD, low molecular weight
heparin dose should be adjusted for reduced
kidney function (eGFR < 30mls/min/1.73 m2) and
body weight.

Blood Pressure
• In pregnant women with CKD and hypertension,

blood pressure of < 120–139 / 70–85 mmHg should
be the target.

Preeclampsia Prophylaxis
• Women with CKD stages G1–G5, including

recipients of renal transplants, should be offered
low-dose aspirin (75–150mg) as prophylaxis
against preeclampsia.

• Women with CKD with low dietary calcium
intake and/or low vitamin D levels should receive
a calcium and/or vitamin D3 preparation during
pregnancy.

Anemia and Bone Health
• Assessment of iron status should be performed in

women with CKD at first antenatal visit and at 28
weeks, and more frequently if clinically indicated.
Iron supplementation should be given if evidence
exists of absolute or functional iron deficiency.

• Pregnant women with CKD who require rapid
correction of anemia secondary to iron deficiency
and who are intolerant of oral iron (or those who
are unresponsive) can be given parental iron.

• Erythropoietin stimulating agents can be given if
clinically indicated with appropriate monitoring
of blood pressure in women with CKD.

• Women with CKD stages 3–5 should have mineral
bone health surveillance and treatment during
pregnancy by the MDT.

Urinary Tract Infection (UTI)
• Asymptomatic bacteriuria and urinary tract

infection (UTI) in pregnancy should be treated.
• Antibiotic prophylaxis should be considered in

women with structural renal abnormalities or
recurrent bacteriuria/UTI.

Medication

Immunosuppression
• A drug passport should be provided for all women

with CKD at the beginning of the pregnancy.
• Prednisolone, azathioprine, ciclosporin,

tacrolimus and hydroxychloroquine are
considered safe in pregnancy.

• Calcineurin inhibitor levels (i.e. ciclosporin and
tacrolimus levels) should be performed more
frequently in pregnancy and immediately
postpartum, as doses required to achieve target
blood levels are very likely to change.

• Certain medications (e.g. erythromycin) can
interfere with calcineurin inhibitor metabolism
and alternatives should be prescribed.

• Mycophenolate mofetil, mycophenolic acid,
methotrexate and cyclophosphamide are
teratogenic and should be avoided in pregnancy.

• Mycophenolate mofetil and mycophenolic acid
are associated with an increased risk of
spontaneous miscarriage and fetal abnormality
and should be stopped before pregnancy. A three-
month interval is advised before conception to
allow conversion to a pregnancy-safe alternative
and ensure stable disease/kidney function.

• The Rare Renal Disease Registry (RaDaR) Study
Group recommends that potential fathers taking
mycophenolate derivatives are informed of the
theoretical risks of mycophenolate exposure to
a fetus and be made aware of the contraceptive
advice given by the Medicines and Healthcare
Products Regulatory Agency (MHRA) and
contained in the summary of product
characteristics. They advise that these theoretical
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risks should be balanced against the risks of
conversion to alternative immunosuppressive
regimes on their kidney transplant status in an
individualized discussion.

• Rituximab does not appear to be teratogenic, but
exposure in pregnancy can result in neonatal B cell
depletion and the long-term outcome is unknown.

• The safety of sirolimus, everolimus and other
biologics (including eculizumab) in pregnancy
remains to be determined.

• Women should be reassured that they can
breastfeed while taking prednisolone,
hydroxychloroquine, azathioprine, ciclosporin
and tacrolimus.

• Immunosuppressive treatment does not need to
be empirically increased in the postpartum period
to prevent reactivation of disease or graft
rejection.

Antihypertensives
• Women with CKD should undergo a review of

their antihypertensive therapy and the benefits
and risks of specific drug treatment in pregnancy
should be discussed.

• Labetalol, nifedipine and methyldopa are
considered safe in pregnancy.

• Angiotensin-converting enzyme inhibitors
(ACEis) or angiotensin receptor blockers (ARBs)
are fetotoxic in the second and third trimesters.

• The use of ACEis or ARBs in women with non-
proteinuric CKD should be discussed and
conversion to alternative antihypertensive
treatment known to be safe considered in advance
of pregnancy.

• The use of ACEi or ARBs in women with
proteinuric CKD should be discussed by the MDT
in advance of pregnancy, and a plan made for
timing of conversion to alternative treatment
known to be safe in pregnancy, guided by the
likelihood of early pregnancy confirmation.

• Women who conceive whilst taking ACEis or
ARBs should stop taking these medications as
soon as pregnancy is confirmed, and be offered
alternative antihypertensives considered safe in
pregnancy if necessary.

Oral Hypoglycemics
• Screening for gestational diabetes is

recommended for all women taking prednisolone

and calcineurin inhibitors (ciclosporin and
tacrolimus).

• Biguanides (metformin) and oral hypoglycemics
should not be used in women with advanced CKD.

Fetal Monitoring
• First or second biochemistry screenings for

aneuploidies have an increased false positive rate
in advanced CKD. Screen positive results due to
very high human chorionic gonadotrophin (hCG)
concentrations should be treated with caution;
however, negative predictive values are high.
Screening alternatives include specialist
ultrasound only screening or noninvasive prenatal
testing.

• Fetal growth scans including umbilical artery
Dopplers should be performed in women with
CKD at 26–28 weeks and 32–34 weeks with
additional scans considered for those with
additional risk factors for growth restriction.

• Amniotic fluid index is not representative of
placental health in women with advanced CKD
and should not be relied upon for confirmation of
fetal well-being.

• Continuous electronic fetal monitoring in labour
should be considered for all women with CKD and
is recommended for those with advanced CKD.

Specific Conditions

Transplant
• Women with renal transplants should have the

same prepregnancy counseling and antenatal care
as women with CKD – refer to earlier sections.

• Women should wait until their kidney function is
stable on medications safe in pregnancy before
conceiving, which is usually more than one year
after transplantation.

• Clinicians caring for women who have undergone
renal transplantation should liaise with the
appropriate surgical team to advise on delivery
plans if there are doubts about the transplant-
related anatomy. Indications for Caesarean delivery
in women with renal transplants are obstetric.

• Any Caesarean delivery in a transplant patient
should be performed by the most senior
obstetrician available, ideally a consultant.
Consideration should be given to a vertical
midline abdominal wall incision.
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• Consider informing the on-call transplant surgical
team if a woman with a renal transplant is
admitted in established labor, or is having
a planned delivery.

• All women with kidney pancreas transplants, dual
kidney transplants or bladder reconstruction
should bemanaged during pregnancy and delivery
by the MDT at a transplant center.

Lupus
• Women with lupus nephritis should be advised to

wait until their disease is quiescent for at least six
months before conceiving.

• Early investigation of infertility should be
considered for women who have had previous
treatment with cyclophosphamide.

• All women with lupus nephritis should be
managed in pregnancy by the MDT.

• Renal biopsy may be considered only if renal
histology will change management during
pregnancy.

• Activity of lupus should be monitored clinically
and with serum complement, dsDNA, renal
function, hematology and urine assessment.

• Women with antiphospholipid syndrome (with
confirmed thromboembolic event, or adverse
obstetric outcome – excluding recurrent early
fetal loss) should receive low molecular weight
heparin in pregnancy and for six weeks
postpartum.

• Women with anti-Ro antibodies should have the
fetal heart rate checked at every antenatal
appointment from 18 weeks and fetal
echocardiography is recommended.

• All women with lupus should be on
hydroxychloroquine in pregnancy unless it is
contraindicated.

• Steroids (including methyl-prednisolone),
azathioprine, calcineurin inhibitors and
IVIg can be used to treat lupus flares in
pregnancy.

Diabetic Nephropathy
• Women with diabetic nephropathy benefit from

optimization of blood pressure and blood glucose
prior to conception.

• Women with diabetic nephropathy should be
encouraged to consider continuation of ACEi/
ARB treatment until conception.

Dialysis
• Renal units, in conjunction with obstetric units,

should formulate a protocol for management of
women receiving or starting dialysis in pregnancy
to be activated when a dialysis patient becomes
pregnant or a pregnant woman is started on
dialysis.

• Women with advanced, deteriorating CKD during
pregnancy may benefit from early initiation of
hemodialysis before standard indications outside
of pregnancy.

• Dialysis intensity should be prescribed accounting
for residual renal function targeting a pre-dialysis
urea < 10mmol/l.

• Women with preexisting end-stage renal disease
should have an increased amount of dialysis in
pregnancy to improve outcomes.

Acute Kidney Injury
• A rise in creatinine of ≥50 percent or a creatinine

of ≥90μmol (if previous value unknown) should
prompt investigation for acute kidney injury
(AKI).

• Themost common causes of AKI in pregnancy are
preeclampsia, hypovolemia, sepsis and
nephrotoxic medication.

Urological Disorders
• Imaging for loin pain or macroscopic hematuria

in pregnancy should be performed by a clinician
with uroradiology expertise. The first line of
investigation is ultrasound with Doppler
resistance indices. Magnetic resonance imaging
and ultra-low-dose Computerized Tomography
Kidney Ureter Bladder (CT-KUB) may be
considered in selected cases.

• Management of stones should be conservative, but
if necessary, nephrostomy with antegrade stenting
or ureteroscopic stone extraction can be
performed in pregnancy by an expert urologist/
uroradiologist.

• Clinical suspicion of an infected obstructed kidney
warrants emergency urological investigation and
appropriate drainage.

• A pregnant woman with visible hematuria in the
absence of a UTI should have urological
investigation.

• Persistent, non-visible hematuria with structurally
normal kidneys does not need investigation
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during pregnancy, but the GP should be informed
so the patient can be evaluated postpartum
according to local guidelines.

• Pregnant women with previous reconstructive
bladder surgery should have a urologist involved
in planning delivery.

Postpartum Management
• Women with CKD in pregnancy should resume

their established care with a planned early
postpartum renal review.

• Women with newly diagnosed CKD in pregnancy
need referral to nephrology for further evaluation
and should be seen within an appropriate
timescale decided by theMDT. A reviewwithin six
weeks postpartum should be considered.

• A plan for postpartum management of
hypertension in women with CKD should be
made by the MDT.

• Postpartum evaluation of women with early-onset
(necessitating delivery before 34 weeks of
gestation) preeclampsia is important to identify
women with underlying renal disease.

• NSAIDS should be avoided in women with AKI,
CKD or hypertensive disorders of pregnancy.

• Women with CKD and an indication for ACEi or
ARB treatment can be commenced on these
medications in the postnatal period when serum
creatinine is stable and serum potassium is within
the normal range. Enalapril and captopril are
compatible with breastfeeding, but other ACEi or
ARB have not been studied. Appropriate
monitoring of creatinine and potassium after
commencing treatment should be arranged.

Contraception
• Contraceptive counseling should form part of the

routine management of women with CKD.
• Advice on safe and effective contraception should

be offered to all women with CKD, in particular
women with advanced CKD, women with active
glomerulonephritis, women taking teratogenic
medication, women within one year of
transplantation and women on dialysis.

• Safe and effective contraception for women with
kidney disease includes the progesterone-only pill,
a contraceptive implant or an intrauterine device.

Education
• Educational programs for healthcare professionals

managing women of childbearing age with CKD
should be developed, including education about
contraception for nephrologists.

• Educational resources should be made available to
women with CKD.

Assisted Conception
• Women with CKD considering assisted

reproduction, including in vitro fertilization,
should be referred for prepregnancy counseling by
the MDT. Single-embryo transfer and frozen
embryo transfer if IVF is required is highly
recommended to reduce risk of complications of
multifetal pregnancies.

Research
• Evaluate the role of prepregnancy counseling on

pregnancy outcomes for women with CKD.
• Investigate the effect of health optimization before

pregnancy for women with CKD.
• Establish and fund data collection and research on

pregnancy and renal outcomes of women with
CKD and their offspring.

• Define the time course and mechanism(s) of renal
and systemic hemodynamic alterations and
markers of renal function in health and disease
during pregnancy.

• Investigate the altered gestational and postpartum
natriuretic responses, and their relationship to
plasma volume expansion, in normal pregnant
women and in those with CKD.

• Define biomarkers that will effectively predict
those women with CKD who are at particular risk
of specific complications or poor maternal/fetal
outcomes.

• Evaluation of serum screening for aneuploidy risk
in women with CKD, including the use of free fetal
DNA.

• Investigate the mechanisms that lead to
pregnancy-associated decline in renal function.

• Develop strategies to prevent pregnancy-
associated decline in renal function.

• Evaluate novel therapeutic strategies for
preeclampsia in women with CKD.
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• Establish the risk of venous thromboembolic
disease associated with non-nephrotic range
proteinuria in pregnancy.

• Evaluate the use of imaging modalities to improve
differentiation of physiological hydronephrosis of
pregnancy from urinary tract obstruction.

• Validate educational programs for patients and
healthcare professionals managing women of
childbearing age with CKD.

• Explore the interactions of women with CKD with
multidisciplinary health professionals.

• Evaluate events during pregnancy that lead to
sensitization relevant to future transplantation.

• Assess pregnancy outcomes in living kidney donors.
• Establish precisely how calcineurin inhibitor levels

should be quantified in pregnancy (e.g. free serum
or bound).

• Evaluate excretion into breast milk and the
relevance to neonatal well-being of drugs used by
women with CKD.

• Evaluate the maternal and neonatal outcomes of
IVF pregnancies in women with CKD to establish
optimal treatment.

• Assess long-term pediatric outcomes of women
with CKD, including evaluation of in utero
exposure to medication.
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