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ABSTRACT

Keywords:
Chronic kidney disease This review aims to summarise historic and the latest evidence of
Foetotoxicity commonly used drugs in pregnant women with chronic kidney
Teratogenicity disease (CKD). Data regarding safety of drugs in breastfeeding are
Pregnancy safety also described. Practical recommendations are made on the use of
Lactation newer agents that have limited information of use in pregnant
women with CKD. Pharmacokinetic and dynamic issues are out-
lined, and general principles for prescribing drugs in pregnant
women with CKD are listed. Resources to investigate drug safety
are presented.
Crown Copyright © 2019 Published by Elsevier Ltd. All rights
reserved.
Introduction

A number of considerations have to be made when prescribing drugs in pregnancy, which are
summarised in the British National Formulary [1]. The importance of pre-pregnancy counselling in
women with CKD who are considering pregnancy cannot be underestimated. Ideally, such conversa-
tions need to highlight the relevant risks and modifications of drug therapies in advance of conception.

The following general principles apply to prescribing drugs in pregnant women with renal
disease [2]:

e Prescribe only if expected benefit is thought to be greater than the risk to the foetus (e.g. clinically
significant infections)
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Table 1
Anti-hypertensives.

Drug First trimester Second trimester Third trimester Pregnancy Comments Breastfeeding
ACE inhibitors and Probably safe Avoid Avoid Advice regarding angiotensin-converting enzyme Safety data available for
At-II antagonists inhibitors (ACEIs) is to avoid during the second and captopril and enalapril [7].

third trimesters. Association with growth
retardation, renal failure, respiratory distress,
foetal hypotension and intrauterine death has
been demonstrated [5,6]. As these effects are
thought to be directly related to the
pharmacological effects, the recommendations
extrapolate to angiotensin II receptor (At-II)
antagonists.

Labetalol Safe Safe Safe Licensed for pregnancy. Consider other Safe
comorbidities, e.g. asthma. It is well documented
that labetalol is a very valuable anti-hypertensive
agent in pregnancy. It provides good blood
pressure lowering effects without adversely
affecting uterine or renal blood flows. It is the first-
line treatment for hypertension in pregnancy as
recommended by NICE guideline 107 [8].

Beta-blockers Safe Safe Safe Although there have been concerns about the use Metoprolol and atenolol safe
of beta-blockers [9,10], two Cochrane reviews
found that beta-blockers are effective at reducing
the risk of severe hypertension and the need for
additional agents [11,12]. The reviews also noted
that there was no statistically significant risk for
small-for-gestational age births nor preterm birth
in comparison to methyldopa.

Nifedipine Safe Safe Likely safe A Swedish registry study looked at abnormalities Safe
associated with calcium channel blockers in the
first trimester [13]. Of the 217 pregnancies
studied, three babies were born with heart defects,
which the authors concluded was too small a risk
to be specific to the drugs. Furthermore, a
prospective study by the Motherisk program
reported no abnormalities in 43 out of 44 women
treated with nifedipine [14]. The use of nifedipine
for severe hypertension has been documented in
two studies from the 1980s [15,16]. The latter
study noted that babies born to mothers treated
with nifedipine in the latter stage of pregnancy
were associated with lower birth weights.

(continued on next page)
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Table 1 (continued )

Drug

First trimester

Second trimester

Third trimester

Pregnancy Comments

Breastfeeding

Calcium channel
blockers (excluding
nifedipine)

Methyl-Dopa

Diuretics

Safe

Safe

Safe

Likely safe

Safe

Safe

Avoid

Safe

Safe

A multicentre cohort study in Europe followed up
229 pregnancies of women exposed to calcium
channel blockers (CCBs). No difference in
pregnancy outcomes was seen, although there was
an increased rate of miscarriage, preterm birth and
lower birth weight seen with CCBs [17]. Third-
trimester use of CCBs has been associated with a
3.6% increased risk of neonatal seizures, jaundice
and haematological disorders, which may be due
to placental transfer of the drugs, resulting in low
infant cellular calcium levels [16].

Avoid use in depression or if risk of depression.

Diuretics can theoretically reduce plasma volume
and lead to intra-uterine growth retardation. This
was not seen in a Cochrane review from 2007,
although caution is still recommended to use the
lowest doses to avoid electrolyte disturbances
[18].

Safe

Avoid in all due to risk of post-
natal depression [8].
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Table 2

Immunosuppressants.

Drug First trimester Second trimester Third trimester Pregnancy Comments Breastfeeding

Glucocorticosteroids ~ Safe Safe Safe There are reports of increased risks of intra-uterine Compatible.
growth retardation with prolonged courses. Foetal There have only been very small concentrations
adrenal suppression has been seen with maternal doses of steroid detected in milk
>15 mg/day, although this has been refuted in a single-
centre case series (n = 16) [19].

Some studies have noted an increased risk of orofacial
clefts [20,21], although this not been confirmed in more
recent studies [22].
Azathioprine Safe Safe Use with Azathioprine has been associated with low birth weight Likely compatible, data suggest negligible levels
caution and prematurity in some studies, but outcomes may be in milk [26].
more reflective of maternal disease [23—25]. Women
requiring azathioprine should have overview in centres
experienced in their management.

Cyclosporine Safe Safe Safe There is currently no evidence of teratogenicity, Likely compatible. There are very little data,
although gestational diabetes can occur [27]. Current  although not contraindicated; babies should be
guidance advises continuation during pregnancy where monitored, including measurement of levels in
required [28]. infants if there are concerns.

Tacrolimus Safe Safe Safe There is currently no evidence of teratogenicity, Likely compatible. Negligible transfer into
although gestational diabetes can occur. Current breast milk reported. Babies should be
guidance advises continuation during pregnancy where monitored if clinically indicated [29].
required [28].

Mycophenolate Avoid Avoid Avoid Transplacental transfer of mycophenolic acid (the active Contraindicated, excretion into breast milk is
form of mycophenolate mofetil) occurs, with foetal likely. No studies in human lactation
plasma level reaching levels similar to those of the
mother [30], and is classified as a teratogen. High rates
of miscarriage and abnormalities have been reported;
therefore, effective contraception must be used before
and during treatment. Usually, a change to azathioprine
is suggested.

Sirolimus/Everolimus Avoid Avoid Avoid Animal studies suggest transplacental transfer and Contraindicated, animal data show excretion
foetal toxicity. Human reports indicate a high level of  into milk. No human studies
miscarriage with mTOR inhibitors [31]

Rituximab Unclear Unclear Unclear Advice for patients on rituximab is to avoid use at least 6 Contraindicated due to lack of data, but not as

(limited data  (limited data (limited data months before conception. There are little data on likely to pass into breast milk as Ig A.
available) available) available) exposure to rituximab during pregnancy, with no reports

of teratogenicity and some reports of neonatal B cell
depletion if used in the second or third trimester [30].

If indicated for severe disease, aim to give dose before or
in the early stage [32].

(continued on next page)
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Table 2 (continued )

Drug First trimester Second trimester Third trimester Pregnancy Comments Breastfeeding

Belatacept Avoid Avoid Avoid There are no data on belatacept in human pregnancy.  Contraindicated due to lack of data, but not as
Manufacturer advises avoid pregnancy for at least eight likely to pass into breast milk as Ig A.
weeks after last injection.

Eculizumab Avoid Avoid Avoid Case reports of eculizumab usage in anti-phospholipid Contraindicated due to lack of data, but not as
syndrome or paroxysmal nocturnal haemoglobinuria likely to pass into breast milk as Ig A.

[33] are reassuring, and treatment for atypical
haemolytic uraemic syndrome may be life-saving,
although dose or frequency adjustment may be
required [34].

Leflunomide Avoid Avoid Avoid There is no evidence that leflunomide is a human Contraindicated due to lack of data
teratogen, although its animal teratogenicity has
contraindicated its use in pregnancy. Any woman who
wishes to become pregnant or inadvertently becomes
pregnant whilst taking leflunomide must undergo a
rapid elimination procedure.

Cyclophosphamide Avoid Avoid Avoid Placental transfer. Teratogenic. Congenital Excreted in breast milk. Discontinue
abnormalities of the skull, ear, face, limb and visceral breastfeeding during and for 36 h after
organs. Increased risk of miscarriage [24,25]. treatment.

Hydroxychloroquine  Safe Safe Safe Withdrawal may precipitate lupus flare. Indicated Safe

throughout pregnancy if patient has a history of lupus
nephritis. Placental transfer. No increase in miscarriage
or congenital abnormality. May reduce risk of
congenital heart block if maternal anti-SSA and/or anti-
SSB antibodies are present [35—40].

(0)88
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Table 3
Other commonly used drugs including those for renal anaemia.

Drug First Second Third Pregnancy Comments Breastfeeding
Trimester  Trimester  Trimester

Aspirin Safe Safe No association with congenital Safe
abnormalities. Decreases risk of pre-
eclampsia in general obstetric
population and in women with CKD. No
evidence of maternal haemorrhagic
complications [41,42].

Intravenous Iron Limited Safe Safe Safety data available for the second Safe

Data and third trimesters but limited data
on exposure during the first trimester.
Expert consensus is not to withhold IV
iron if indicated in the first trimester

[43-47].
Low-molecular- Safe Safe Safe No placental transfer. May be needed Safe.
weight if proteinuria is high and considered
heparin likely to contribute to high thrombotic
risk [48].
Erythropoietin Limited Limited Limited No placental transfer. Monitor for Safe
and data but data but data but hypertension [49—51].
Erythropoietin- likely safe likely safe likely safe
Stimulating
Agents
Metformin Safe Safe Safe Not to be used if pre-pregnancy eGFR Levels in milk
<30 ml/min/1.73 m? and caution in are low, infants
women with deteriorating renal receive <0.5% of
function in pregnancy [52]. maternal
weight-adjusted
dosage. No
reported

adverse effects

e Avoid all non-essential drugs in the first trimester if possible

e The lowest effective dose should be prescribed (drug-level monitoring wherever possible/relevant)
for the shortest period possible

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

e Drug interactions, e.g. macrolides, with immunosuppressants

e Contribute to the registry evidence base wherever possible

When considering medication choices in breastfeeding mothers, the following considerations
should be made:

e The amount of active drug or metabolite delivered to the infant

e Pharmacokinetics of the infant: premature infants or those with organ impairment are at higher
risk of adverse events

e Avoid drugs with long half-lives

e Consider timing of doses to avoid peak milk levels

e Use the lowest possible doses and avoid extended treatment courses

Whilst researching detailed summary data, valuable resources such as the British National For-
mulary, UK Teratology Information Service (UKTIS) found at www.uktis.org and www.toxbase.org can
be used. The UKTIS also has a patient-facing website called ‘BUMPS’, which can be found at www.
medicinesinpregnancy.org.


http://www.uktis.org
http://www.toxbase.org
http://www.medicinesinpregnancy.org
http://www.medicinesinpregnancy.org

Table 4
Antibiotic safety in pregnancy.

Antibiotic First trimester Second Third trimester  Pregnancy Comments Breastfeeding
trimester
Penicillins Safe Safe Safe The quality of data pertaining to individual agents Compatible.
varies. It is suggested to refer to data on individual Possibility of oral candidal infection and
monographs. gastrointestinal (GI) disturbances due
to alteration of oral and Gl flora
Amoxicillin Safe Safe Safe Amoxicillin is an aminopenicillin (structural analogue of Compatible. Peak milk levels occur 4
penicillin). Many studies have been conducted but have —5 h post dose
not shown any change in the rate of malformation Possibility of oral candidal infection and
compared to that of controls. Contrary to the multitude gastrointestinal (GI) disturbances due
of previously published studies, a study conducted in to alteration of oral and GI flora [53]
2012 found an increased rate of cleft palate with
amoxicillin exposure in the first trimester. This requires
confirmation to prove a causation and does not alter the
view that amoxicillin is safe to use in pregnancy.
Phenoxymethylpenicillin ~ Safe Safe Safe There were no reports of adverse outcomes. However,  Compatible.

(Penicillin V)

Co-amoxiclav

Nitrofurantoin

Probably safe Probably safe

Can use Can use

Avoid after 36
weeks

Do not use
beyond week
38 or near term

of note is that clearance of penicillin V may be increased
during the second and third trimesters

Initial concerns were raised following the ORACLE study
[54] and confirmed in a Cochrane review in 2013, in
which 22 randomised controlled trials of different
antibiotics involving 6872 infants were analysed [55].
Co-amoxiclav was found to be associated with an
increased risk of neonatal necrotising 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 [56].

A meta-analysis of nitrofurantoin exposures in the first
trimester reported that it was safe in pregnancy [58].
However, an increased risk of haemolytic anaemia
occurs in newborns, including those who are glucose-6-
phosphate dehydrogenase (G6PD) deficient, if
nitrofurantoin is administered close to delivery [53].
Therefore, as a precaution, nitrofurantoin should not be
used beyond week 38 or if labour is imminent [59]. A
large case-control study in 22,000 women reported that

Possibility of oral candida and
gastrointestinal (GI) disturbances due
to alteration of oral and GI flora
Co-amoxiclav is considered compatible
with breastfeeding, although the infant
should be monitored for any signs of
gastrointestinal adverse events. Peak
levels occur 4—5 h post dose.
Prospective data from 67 women
exposed to co-amoxiclav during
lactation found that 22% of infants had
adverse events, as reported by mothers,
which increased with dosage [57]. No
pattern was seen, and they were
considered minor and self-limiting.
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 1 year or in those
with G6PD deficiency [10].

(418
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Trimethoprim

Ciprofloxacin

Avoid

Not
recommended

Use with
caution

Use with
caution

Use with
caution

Use with
caution

clinical doses (<400 mg per day) were not teratogenic,
but neural tube defects and clubfoot occurred at a
higher rate in mothers exposed to nitrofurantoin [60].
The MHRA advises that nitrofurantoin may be
considered with caution in patients with eGFR between
30 and 44 ml/min/1.73 m? for no more than 3—7 days if
there are multidrug-resistant organisms that require
treatment.

Of interest is that high doses (in the region of 10 mg/kg/
d) appear to produce transient reductions in
spermatogenesis in males, although this effect does not
occur in usual clinical doses [53].

Trimethoprim is a folate antagonist that crosses the
placenta, and Scottish Intercollegiate Guidelines
Network (SIGN) on treatment of UTIs in pregnancy
(SIGN 88) advises that this drug should not be used for
pregnant women with established folate deficiency and
low dietary folate intake or women taking other folate
antagonists such as anti-epileptics [61].

The benefits of folate supplementation early in
pregnancy reduce the risk of cardiac defects and neural
tube defects [62]

The UK Teratology Information Service recommends
that any mother who has had exposure to trimethoprim
in the first trimester should receive high-dose folate
supplementation [63] at a dose of 5 mg daily until week
12 of pregnancy.

In humans, it crosses the placenta. There have been a
number of reports of ciprofloxacin use that do not seem
to demonstrate a pattern of abnormalities, although it
may be prudent to avoid use, especially in the first
trimester. Inadvertent exposure is not an indication for
termination [67]. There have been a few studies looking
at quinolones, and in particular ciprofloxacin. These
studies have not found increased rates of malformations
or birth defects.

General consensus is to avoid in pregnancy, as safer
alternatives are available [53,68]

There have been reports of milk
concentrations of 1.2—5.5 mcg/mL in
mothers taking up to 640 mg
trimethoprim daily, with an average
milk:plasma ratio of 1.26 and peak
levels occurring at 2—3 h [64—66].
These studies were conducted with
trimethoprim-sulphamethoxazole,
with no adverse effects noted in the
nursing infants.

Ciprofloxacin is excreted in breast milk,
with the milk:serum ratio varying from
0.85 to 2.14 following an oral dose of
750 mg, which peaked at 4 h postdose
[53]. There have been a number of
reports of ciprofloxacin being used
safely in breastfeeding.

However, there is an isolated report of
pseudomembranous colitis in an infant
whose mother self-administered
ciprofloxacin (dose unknown) [69] and
several reports of green staining of
infants' teeth on eruption [70].

(continued on next page)
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Table 4 (continued )

Antibiotic First trimester ~ Second Third trimester  Pregnancy Comments Breastfeeding
trimester
Meropenem and Use with Use with Use with There is a lack of data on the use of carbapenems in There are very little data, although
ertapenem caution caution caution pregnancy. There are case reports on the uneventful likely to be similar to other beta-
delivery of two women treated with meropenem at lactams
doses of 3 g daily (in divided doses). No abnormalities
were reported [71,72]. The UK Teratology Information
Service reported data of 6 cases of pregnancies exposed
to meropenem, with major congenital malformations
rates no higher than background rates.
Lack of data indicates that they should be used with a
degree of caution [53].
Cephalosporins Safe Safe Safe There are some data to suggest an association with Compatible.
congenital malformation and spontaneous abortion, but  Possibility of oral candidal infection and
general consensus is that this class of drugs is generally gastrointestinal (GI) disturbances due
safe in pregnancy [53,73] to alteration of oral and Gl flora
Cefalexin Safe Safe Safe Since the early 1970s, a number of studies have found  Compatible. Peak milk levels occur at 4
no association between cephalexin and abnormalities.  —5 h post dose.
However, a surveillance study in Medicaid recipients Possibility of oral candidal infection and
between 1985 and 1992 in 3613 newborns exposed to  gastrointestinal (GI) disturbances due
the drug in the first trimester found an increased rate of  to alteration of oral and GI flora [74]
cardiovascular and other malformations. Patterns were
similar to those seen for another cephalosporin agent,
cefaclor [53].
Macrolides Probably safe Probably safe Probably safe The majority of studies reporting in utero exposure to  Compatible.
erythromycin do not suggest increased malformations. Possibility of oral candidal infection and
Erythromycin is the preferred agent if indicated. For gastrointestinal (GI) disturbances due
further information, see data on individual to alteration of oral and GI flora
monographs.
Erythromycin Probably Safe Probably Safe Use with Most reports have not found any association between  Compatible.
caution erythromycin use and congenital malformations or Possibility of oral candidal infection and

spontaneous abortions

However, one cohort study found that macrolides were
associated with an increased risk of epilepsy or cerebral
palsy compared to penicillin, with a hazard ratio of 1.78
[75], but inadvertent exposure should not cause
substantial concern [76]

gastrointestinal (GI) disturbances due
to alteration of oral and GI flora.
Milk:plasma ratio was 0.5 [77]

41
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Clarithromycin

Moxifloxacin

Doxycycline

Probably safe

Not
recommended

Use with
caution

Probably safe

Not
recommended

Not
recommended

Use with
caution

Not
recommended

Not
recommended

Clarithromycin is widely accepted as safe in pregnancy.
There have been over 3000 exposure cases studied, and
there is no evidence of an increased risk of
malformations (including first-trimester exposures)
[53,78]. However, there have been studies that link
clarithromycin to an increased risk of spontaneous
abortion [79,80] However, not all effects have been
studied in sufficient numbers to rule out causation.
There are very few reports of moxifloxacin use in
human pregnancy. While not statistically significant,
there have been noteworthy trends for increases in
congenital malformations with moxifloxacin exposure
[82]. Following a single oral dose of 400 mg in 10
women before amniocentesis, approximately 8% of the
maternal blood concentration of the drug was seen in
amniotic fluid. There were no outcome data from this
study [83].

Doxycycline is a member of the tetracycline family.
Much has been documented on the effects of
tetracyclines in pregnancy, including adverse effects on
teeth, bone and congenital malformations, especially if
taken in the second and third trimesters.

A Hungarian case—control survey study reported
doxycycline-related malformations. The study was not
comprehensive and excluded a history of alcohol and
tobacco but found rates of congenital abnormality rates
in exposed infants similar to controls [84]. These
findings have also been demonstrated in studies
conducted of doxycycline exposure in the first trimester
[85,86]. Further research is required to confirm
doxycycline as a safer agent than tetracycline in
pregnancy.

Although clarithromycin is widely
accepted as compatible with
breastfeeding [53], there have been
reports of infantile hypertrophic pyloric
stenosis with maternal use during the
first 14 days post-partum, with infant
exposure 2% of mother's dose [81].

There are no human studies. Although
theoretically compatible, breastfeeding
is not recommended if safer
alternatives are available.

Doxycycline is excreted into breast milk
with milk:plasma ratios of 0.3—0.4 after
24 h of receiving a dose [87]. Current
guidance suggests use of short-term
treatment only if necessary [88].
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Prescribing issues specific to patients with CKD

During early pregnancy in patients with CKD, glomerular filtration increases significantly above
baseline [3]. It is worth noting that the normal calculations of glomerular filtration (e.g. Cockroft-Gault
and eGFR) are not valid during pregnancy [4]. There are also changes in proteinuria with associated
reductions in serum albumin that alter the handling of drugs that are highly protein bound, and care
should be taken to interpret biochemical assays if they do not consider the free:bound ratio. A high
urea level may also cause displacement of drugs from their protein-binding sites, further increasing the
unbound fraction and potentially increasing risks of adverse events. Commonly used drugs in pregnant
women with CKD, such as anti-hypertensives, immunosuppressants, other commonly used drugs
including those for renal anaemia and antibiotics are listed in Tables 1—4, respectively.

Summary

Care must be taken when prescribing drugs for women with CKD who are planning to become
pregnant or have become pregnant following renal transplantation with consideration of drug safety in
each trimester. Good-quality, reliable information can be found in the British National Formulary and
Briggs’ Drugs in Pregnancy and Lactation [53] and UKTIS resources for patients (BUMPS) and healthcare
professionals (TOXBASE).

Practice points

e Patients with renal disease who are planning to become pregnant should be offered pre-
pregnancy counselling to optimise their medication

e Care must be taken when prescribing drugs in pregnancy for women with CKD, especially in
the first trimester

e There are many pharmacokinetic changes that occur with pregnancy, and these changes
may further be complicated by pre-existing renal disease

e Agents with good evidence for safety in pregnancy should be used as first-line choices.

Research agenda

e There is still incomplete knowledge of the effects of antibiotics in pregnancy, as shown by
conflicting results in studies

e More data are required about drug safety with newer agents in pregnancy and breastfeeding,
e.g. therapeutic antibodies and calcimimetics

e Long-term effects on offspring exposed to medications during pregnancy require further
study
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.bpobgyn.2019.
03.006.
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