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ABSTRACT

Background. Pregnant women with end-stage renal disease on chronic dialysis are at a high risk of maternal and foetal
complications. Over the years, the prognosis of their pregnancies has improved with advances in dialysis treatments and
maternal and neonatal care. We conducted this systematic review to examine the recent data on maternal and foetal
outcomes in pregnant women with end-stage renal failure on chronic dialysis over the last decade.
Methods. We made a systematic review of studies on pregnant women on chronic dialysis published between 1 January
2010 and 31 December 2020. We searched the following electronic databases: Medline via PubMed, Embase and the
Cochrane Library, with search strategies for each database. We checked the titles and abstracts identified by the search
equation, and two independent reviewers assessed the articles retrieved. For each study, the two reviewers separately
recorded the data from each selected article on a standardized data extraction form. For each article, we recorded
relevant general information on the study, patient demographic characteristics, dialysis schedule, pregnancy
complications and outcomes, maternal complications, and foetal and neonatal outcomes.
Results. The literature search yielded 1668 potentially relevant abstracts. After reviewing the titles, abstracts and full
text, we identified 14 studies according to the inclusion criteria. All studies were observational, nine of them were
retrospective and eight were from a single-centre experience. The total number of women included in these studies was
2364 (range 8–2008) and the total number of pregnancies was 2754 (range 8–2352). The patients’ ages ranged from 15 to
45 years. Obesity was observed in 808 (34.2%) women and ranged from 1 to 778. Haemodialysis was the predominant
modality with 2551 (92.6%) pregnancies, and 203 (7.4%) on peritoneal dialysis. Overall, 68 out of 402 (16.9%) spontaneous
miscarriages, 21 out of 402 (5.2%) therapeutic abortions and 26 (8.3%) stillbirths among 313 (stillbirths and live births)
were recorded. The mean or median gestational age at delivery ranged from 25.2 to 36 weeks. The main maternal
complications were preeclampsia 11.9%, hypertension 7.7% and anaemia 3.9%. Live births represented 287 (71.4%) out of
402 pregnancies, birth weight ranged from 590 to 3500 g and preterm birth was the main, most common complication in
all studies, ranging from 50% to 100%. Intrauterine growth restriction was present in 5.9% and small-for-gestational-age
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was reported in 18.9% of neonates. There were 22 (7.6%) neonatal deaths among 287 live births and 48 (15.3%) perinatal
deaths among 313 total births (stillbirths and live births).
Conclusions. Presumably, considering the increase in the number of publications and the total number of pregnancies
reported therein, the frequency of pregnancy in patients with end-stage chronic kidney disease treated by chronic
dialysis has increased. However, the practice of treating pregnant women on dialysis differs significantly among
countries. These findings highlight the need to standardize the definition of outcomes and healthcare for pregnant
women on dialysis.

LAY SUMMARY

Pregnant women with end-stage renal disease on chronic dialysis are at a high risk of maternal and foetal
complications such as miscarriage, stillbirth, preeclampsia, anaemia, polyhydramnios, preterm birth and the need for
neonatal intensive care. Over the years, the prognosis of their pregnancies has improved with advances in dialysis
treatments and maternal and neonatal care. We made a systematic review of studies on pregnant women on chronic
dialysis published between 1 January 2010, and 31 December 2020, to examine the recent data on maternal and foetal
outcomes. We identified 14 studies. The total number of women in studies was 2364, and the total number of
pregnancies was 2754. We show an increase in pregnancy frequency on chronic dialysis and improvements in some
maternal and fetal outcomes. This is of clinical importance for these women, helping their physicians in clinical
practices and increasing their confidence in supporting a parental project.

GRAPHICAL ABSTRACT

Keywords: chronic kidney failure, pregnancy, pregnancy complications, pregnancy outcome, renal dialysis

INTRODUCTION

Pregnant women on chronic dialysis for end-stage renal dis-
ease are at a high risk of maternal and foetal complications
[1, 2] including miscarriage, stillbirth, medical pregnancy inter-
ruption, arterial hypertension, preeclampsia, anaemia, polyhy-

dramnios, intrauterine growth restriction, small-for-gestational
age infants, preterm birth and the need for neonatal intensive
care [3–5].

Since the world’s first case of pregnancy and successful de-
livery in a chronic haemodialysis patient in the 1970s, there
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has been an increase in the number of pregnancies in recent
years, probably partly due to the improvement in prognosis.
Pregnancy is thus more acceptable, leading to less frequent re-
course to therapeutic interruption. However, beyond all the im-
provements in dialysis conditions, allowing more time on dialy-
sis and maintaining low levels of pre-dialysis urea to avoid ma-
ternal hypertension, other improvements such as correction of
anaemia, adequate foetal monitoring, and advances in obstet-
ric and neonatal care are also responsible for this significant
increase [6–8].

We conducted a systematic review to examine recent data on
maternal and foetal outcomes in pregnant women on chronic
dialysis with end-stage renal disease published over the last
decade (2010–2020).

MATERIALS AND METHODS

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [9] and the
MOOSE consensus statement on the conduct of Meta-analysis
Of Observational Studies in Epidemiology [10].

Inclusion criteria

We included all studies reporting maternal or foetal outcomes
in pregnant women with end-stage renal disease who had
conceived during chronic dialysis (haemodialysis or peritoneal
dialysis). The analysis was limited to observational data if a con-
trol group was available. Due to the heterogeneity of manage-
ment, context, length of observation and reporting biases, we
retained only those articles that reported at least five cases.

Exclusion criteria

Studies on pregnant women with a diagnosis of acute kidney
failure, studies on kidney transplanted pregnant women, stud-
ies with a completion date before 2000 and those with missing
data on the study period were excluded.We also excluded stud-
ies begun before the newmillenniumas,at that time, the dialysis
schedule was different, erythropoietin was not prescribed for all
patients, and obstetric monitoring and care of newborns were
different from nowadays. Abstracts, letters, duplicates, prelimi-
nary publications, reviews, comments, notes and editorials were
also excluded.

Search strategy

We searched the electronic databases: Medline via PubMed,
Embase and Cochrane Library with search strategies for each
database, using a combination of the following text words and
index terms: [pregnancy, pregnant, pregnancy complications,
chronic kidney disease, chronic dialysis,haemodialysis and peri-
toneal dialysis]. The search strategies are detailed in Appendix
1. We also reviewed the reference lists of included studies and
included all studies published between 1 January 2010 and 31
December 2020. There were no language restrictions.

From the references identified by the search equation, we
then selected studies based on title and abstract. We selected
all studies reporting maternal and foetal outcomes in pregnant
women on chronic dialysis. Full-text publications of remaining
abstracts were retrieved and carefully examined for any study
that potentially met the inclusion criteria. For completeness

of data, we contacted the authors for additional unpublished
information.

Data extraction

Using a standardized data extraction form, two independent re-
viewers, tested beforehand on a sample of eight studies, ex-
tracted the data. For each study, the following data were re-
trieved: general study information (the first author’s name,
country, period of study, objective, study design and con-
trol group whenever available); patient demographic charac-
teristics [number of women, number of pregnancies, mater-
nal age, parity, cause of end-stage renal dialysis, mode of
dialysis (haemodialysis, peritoneal dialysis), dialysis sched-
ule and comorbidities]; pregnancy complications and out-
comes (spontaneous miscarriages, therapeutic abortions, an-
tepartum haemorrhage, polyhydramnios, premature rupture
of membranes, stillbirths, preterm delivery, indications for
delivery, mode of delivery and gestational age at delivery);
maternal complications (hypertension, preeclampsia, gesta-
tional diabetes, peritonitis, maternal deaths and other maternal
complications); and neonatal outcomes and complications (live
births, birthweights, small-for-gestational-age<10th percentile,
Apgar scores, need of neonatal intensive care unit and neonatal
deaths).

Two reviewers (H.B., S.M.) independently screened all poten-
tially eligible articles and a third reviewer (M.K.) adjudicated any
discrepancy between these two investigators. Each reviewer in-
dependently assessed the quality of each study according to the
Newcastle-Ottawa Scale (NOS) quality assessment scale for ob-
servational studies, in which each item is awarded with a star
per section. The number of stars indicates the number of items
awarded, with results ranging from 0 to 9 stars [11].

Statistical analysis

For data synthesis, we described the studies narratively and tab-
ulated their characteristics. Descriptive analysis was performed
by estimating frequencies and percentages for qualitative vari-
ables when the data allowed pooling. However, for continuous
variables, combining the heterogeneous evidence retrieved was
difficult as the results from the various studies were in different
forms. Some studies presented results with medians, first and
third quartiles or with minimum and maximum values. Others
reportedmean and standard deviations,with no claimas to their
data following or satisfying the assumptions of normality. We
therefore performed a systematic review, not a meta-analysis.
The only larger study included had a high number of unknown
cases, which led us to use only valid data from small studies
on pregnancy outcomes, maternal and neonatal complications.
Agreement between the two reviewers was assessed using the
Kappa (κ) statistic [12].

In our calculation, we used three different denominators
‘total number of pregnancies’ and ‘total number of birth’
(stillbirth + live birth) and ‘number of live birth’.

A ‘total number of pregnancies’ of 402 was used as the de-
nominator for calculating miscarriage, therapeutic abortion and
live birth. However, for the percentage of stillbirth and perinatal
death, we used ‘total number of birth’ 313. Whereas for the cal-
culation of the percentage of neonatal death, we used the only
number of live births, 287, following the World Health Organi-
zation International Classification of Diseases 10 (WHO ICD-10)
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Figure 1: Flow diagram for literature search and study selection.

definitions and international statistical classification of diseases
and related health problems. All analyses were performed using
version 4.1.2 of R statistical software.

RESULTS

The literature search yielded 1668 potentially relevant abstracts.
After reviewing titles, abstracts and full text, we retained 14
studies identified according to the inclusion criteria (Fig. 1). We
found no studies in the Cochrane Library that met the inclusion
criteria for the 2010–20 period. Overall, the quality of the evi-
dence was good, with NOS scores of 6 to 8 (Supplementary data,
Table S1). Inter-reviewer agreement for the study was excellent
with (κ) of 89%.

General study characteristics

Table 1 summarizes the characteristics of the studies included.
These studies were run between 2000 and 2017, and were from

different geographical origins. There were 14 studies from 11
countries: 6 studies from South America, 3 from North Amer-
ica, 2 from Africa, 1 from Europe, 1 from Asia and 1 from Ocea-
nia. All studies were observational, with nine of them being ret-
rospective, three being prospective, one a registry study, and
one both retrospective and prospective. There were eight single-
centre studies, six multicentre studies and seven without a con-
trol group.

Patient demographic characteristics and dialysis
schedules

The total number of women in the studies was 2364 (range 8–
2008), representing a total number of 2754 pregnancies (range
8–2352 because case reports below 5 were not included), with 5
twin pregnancies (Table 2). The mean or median age of patients
ranged from 22.1 ± 4.9 to 38.3 ± 6 years. Obesity was observed
in 808 (34.2%) women and ranged from 1 to 778 (Supplementary
data, Table S2). The causes of end-stage renal disease were re-
ported in 13 out of 14 studies (2177 women); data were available
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for pooling in nine studies. The causes were primary glomeru-
lonephritis (26.4%), hypertensive nephropathy (19.4%), diabetes
(17.7%) and vasculitis (13.8%) (Supplementary data, Table S2).

Haemodialysis was the predominantmodality for women re-
nal replacement therapy during pregnancy, in 2551 (92.6%) preg-
nancies, and only three studies reported 203 (7.4%) pregnancies
while on peritoneal dialysis. For women on dialysis who con-
ceived, their time on dialysis before conception ranged from 1
to 192 months (Table 3). Dialysis duration in studies that re-
ported it (mean or median) ranged from 14 to 43 h per week
(Supplementary data, Fig. S2, Table 3) with a frequency of 3 to 6
sessions per week for 2 to 6 h per session (Supplementary data,
Fig. S3, Table 3). There was only reported an increase in dialy-
sis for patients on peritoneal dialysis. Before dialysis sessions,
the blood urea nitrogen (BUN) level before dialysis sessions was
reported in only six studies, ranging from 29 to 89 mg/dL. Anti-
hypertensives and erythropoietin were the most cited therapies
but reported in only six (42.8%) studies (Table 3).

Pregnancy complications and outcomes

In Table 2 we reported the main maternal and foetal outcomes.
Therewere 402 pregnancies (13 studies) forwhich data regarding
pregnancy complications and outcomes were available. Overall,
68 out of 402 (16.9%) spontaneous miscarriages, 21 out of 402
(5.2%) therapeutic abortions and 26 (8.3%) stillbirths among 313
(stillbirths and live births) were recorded (Fig. 2). The mean or
median gestational age at delivery ranged from 25.2 to 36 weeks.
There were 61 (17. 7%) cases of polyhydramnios, 3 chorioam-
nionitis, 3 placental insufficiencies and 3 placental abruptions.
Regarding mode of delivery, Caesarean section ranged from 9%
to 100% depending on the study. The indications for delivery
were reported in 345 pregnancies (12 studies), mostly hyperten-
sive disorders of pregnancy in 59 (17.1%) patients, spontaneous
preterm labour in 28 (8.1%), intrauterine growth restriction in 22
(6.5%), premature rupture of membranes in 11 (3.2%), cervical
insufficiency in 8 (2.3%), foetal distress in 8 (2.3%) and previous
Caesareans in 8 (2.3%) cases.

Maternal complications during pregnancy

Thirteen studies reported maternal complications during preg-
nancy in 402 pregnancies (Table 2): preeclampsia in 48 (11.9%);
hypertension in 31 (7.7%); anaemia in 16 (3.9%); eclampsia in
3 (0.7%); haemolysis, elevated liver enzymes and low platelet
counts (HELLP) in 3 (0.7%); gestational diabetes in 2 (0.5%); peri-
tonitis in 1 (0.2%) and cholestasis in 3 (0.7%). This lattermaternal
complication was reported in only one study [19]. In accordance
with the WHO definition of maternal death during pregnancy
and childbirth or within 42 days of terminating pregnancy, there
were no cases of maternal death reported during this period
in the 13 studies included that had data available on maternal
complications [27].

Neonatal outcomes and complications

Live births represented 287 (71.4%) out of 402 pregnancies. Birth
weight ranged from 590 to 3500 g; Apgar scores at 5 min were
reported in only four studies, and ranged from 1 to 10. Full term
was reported in 12 studies [33 (10.6%)]. Preterm live birth was
the main, most common complication in all studies represent-
ing 82.8% of births (range 50%–100%). It was difficult to sum-
marize the categories of prematurity due to lack of information
and/or differences in definitions between studies, heterogene-

ity in cut-offs applied for preterm birth. The need for neona-
tal intensive care was unreported in seven studies despite the
high rate of prematurity. However, in those studies that reported
the information it was 97 (65.5%; range 21.4%–100%). Small-for-
gestational-age was reported in 70 (32%) neonates and respira-
tory distress syndrome in 7 (2.4%). There were 22 (7.6%) neona-
tal deaths among 287 live births and 48 (15.3%) perinatal deaths
among 313 total births (stillbirths and live births) (Fig. 2). Mal-
formations were reported in nine infants (four studies). These
included one infant with duodenal atresia and one with cleft
palate and ear anomalies (both died soon after birth); one with
an abdominal hernia (who died after 120 days in the neonatal
intensive care unit); and the other six children survived. Other
neonatal complications are summarized in Table 2.

DISCUSSION

This systematic review was conducted with the aim of exam-
ining recent data on maternal and foetal outcomes in pregnant
women with end-stage renal disease on chronic dialysis pub-
lished over the last decade (2010–20). The total number of preg-
nancies in this study was 2754 in 2364 patients. This represents
an increase compared with previous reviews [28, 29] with, re-
spectively, 90 pregnancies in 82 patients and 574 pregnancies in
543 patients, probably linked to improvements in dialysis condi-
tions over the years thus contributing to improvements in their
prognosis [30]. However, for only 402 pregnancies (13 studies)
among 2754 were data regarding pregnancy complications and
foetal outcomes available because the only larger study, with
2352 pregnancies [21], had a high number of unknown cases,
thereby limiting the statistical significance of our results.

In previous studies and reviews, a significant correlation was
found between the number of hours of dialysis and the improve-
ment in foetal prognosis like live birth, preterm delivery and
small-for-gestational-age [30, 31]. However, there is still great
heterogeneity in dialysis schedules between studies and coun-
tries. In our review, the duration of dialysis ranged from 14 to
43 h per week, and the maximum frequency was 3 to 6 sessions
per week. Peritoneal dialysis was reported in three studies, the
number of patients being lower than those on haemodialysis,
and it was only reported that there was an increase in dialysis
during pregnancy [21, 24, 25, 32, 33].

Only 6 out of 14 studies reported BUN levels. Pre-dialysis BUN
levels ranged from 29 to 36 mg/dL with only one study report-
ing a BUN level of 89 mg/dL. Increasing dialysis dosage reduces
pre-dialysis BUN levels in order to maintain near-physiological
BUN level, which has been associated with higher gestational
age, live birth rates, birth weight, lower rates of maternal hyper-
tension and hydramnios. A pre-dialysis mid-week serum BUN
level <35 mg/dL could be used as a threshold for dialysis dose
adjustment as it seems to be a reliable criterion for dialysis
performance [34–37].

Hypertensive pregnancy disorders remain the main ma-
ternal complication, their incidence during pregnancy in our
study were preeclampsia in (11.9%), hypertension in (7.7%) and
eclampsia in (0.7%). This represents a decrease compared with
a previous review (30.2%) [28], through intensified dialysis and
improvements in pregnancy monitoring [37–40]. In our study,
there were (17.7%) cases of polyhydramnios due to foetal diure-
sis caused by high placental BUN concentration, representing a
decrease compared with a previous systematic review (32%) [28].
That may have been attributed to intensive dialysis [31, 34–37].

In our review, there were 287 (71.4%) live births among 402
pregnancies, varying between studies and ranging from 50% to
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Figure 2: Pregnancy outcomes for international comparison.

100%, probably due to the difference in dialysis schedules be-
tween countries [24, 31], socioeconomic status and inequalities
regarding access to healthcare around the world [13, 20, 21].
Preterm birth (<37 weeks of gestation) was the main,most com-
mon complication in all studies (82.8%), ranging from 50% to
100%, in keeping with other reports [28–31]. This heterogeneity
between studies is probably attributed to variations in dialysis
intensity provided in different countries and induced delivery
due to materno-foetal complications [31].

Birth weight ranged from 590 to 3500 g, but we found het-
erogeneity of data, and combining it was difficult because re-
sults from different studies were in various forms. Some stud-
ies presented their results with medians, interquartile range or
withminimumandmaximumvalues and other studies reported
means and standard deviations, with no claim as to whether
their data followed or satisfied the assumptions of normality.
Small-for-gestational-age in our systematic review was (20.3%),
and intrauterine growth restriction was 6.5%, representing a de-
crease compared with previous reviews: 32% and 10. 4%, respec-
tively, probably due to an increase in the duration and frequency
of dialysis compared with studies of other decades [28, 30, 31].

The lower incidence of neonatal deaths (7.6%) and perinatal
deaths (15.3%) over the years, compared with previous reviews
of 11.9% and 17.6%, respectively [28], might be attributable to
improvements in dialysis, adequate foetal monitoring, and ad-
vances in obstetric and neonatal care.

There were improvements in some maternal and foetal out-
comes, probably due to more frequent dialysis and the centres’
growing experience, adequate foetal monitoring, and advances
in obstetric and neonatal care. However, there were still more
complications than normal pregnancies due, not only to dialy-
sis, but also to patient profiles (age, obesity, hypertension and
diabetes).

In our review, maternal age at conception differed between
studies (range 15–45 years). In the general population it has

long been established that advanced maternal age alone is a
risk factor for several pregnancy complications: gestational di-
abetes, hypertension, preeclampsia, increased risk of prematu-
rity, death in utero, congenital anomalies, risk of placenta prae-
via and the likelihood of Caesarean section [16, 18, 41]. While
adolescent mothers face higher risks of abortion, eclampsia, en-
dometritis and systemic infections, their infants are at greater
risk of low birth weight, preterm birth and serious neonatal con-
ditions [13, 18, 38,42].

Information on obesity was present in 5 studies among the
14 included in this review [13, 17, 21, 23, 25] and the incidence
ranged from 7.1% to 38.7% among the 2364 women. All these
studies apart from one were from the Americas. There two were
fromNorthAmerica, two fromSouthAmerica and one fromAus-
tralia. We know that obesity has begun to increase over the last
decades in developed countries, however; obesity is a risk factor
for hypertension, preeclampsia and diabetes. In addition, stud-
ies on the general population show that the rates of earlymiscar-
riage and stillbirth are significantly higher in cases of maternal
obesity [39, 40, 43].

Chronic hypertension was reported in 10 of the 14 studies
and 146 out of 232 (62.9%) women had chronic hypertension
at the start of pregnancy (Supplementary data, Table S2). In
the general population, chronic hypertension is well-known for
being a major cause of maternal, foetal and neonatal compli-
cations such as superimposed preeclampsia, preterm delivery,
birth weight <2500 g and perinatal death [44].

For only 6 of the 14 studies, data for women with pre-
existing diabetes (Type 1 or Type 2) were available and 24 out
of 234 (10.2%) women (Supplementary data, Table S2). In the
general population, women with pre-existing diabetes are at a
greater risk of pregnancy complications including birth defects,
preeclampsia and preterm birth [45, 46].

Considering the risk of pregnancy complications in dialysis,
women of childbearing age should wait for a kidney transplant
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provided that the transplant is not contraindicated, or refused by
the patient, or if the patient’s maternal age is not too advanced
and the time for access to the graft is not long because, for kidney
transplant recipients,pregnancy outcomes are considered better
[31, 47].

Limitations

Our study has certain limitations. First, this systematic review
was based on case series and retrospective studies represent-
ing Level 3 evidence. Second, most of the studies were single-
centred, with small numbers of patients included. Third, due to
the differences between countries and periods of study, we ob-
served high heterogeneity of data on patient characteristics, du-
ration of dialysis andmanagement regimens. Fourth, due to lack
of data, we focused on patients on dialysis without distinguish-
ing those who were already on dialysis before the start of preg-
nancy from those who started dialysis during pregnancy. Finally,
as some studies had no control group, we were unable to com-
bine data into a meta-analysis and, at the same time, we need
data on the number of pregnancies in the general population to
compare.

There were considerable variations between studies regard-
ing the definition of prematurity and lowbirthweight categories.
Due to the limits of pooling and the heterogeneity of data, we
propose standardizing the definition of the indicators and the
way they are calculated (same numerators/same denominators).
Having the same denominator between studies would facilitate
data-pooling and international comparisons [27, 48]. In addition,
we suggest that results be expressed in medians since many
itemsmay not have a normal distribution [49]. Lastly, we ask au-
thors to always report the specificity of the dialysis schedule, the
dialysis membrane technique, the evolution of dialysis dosage
according to time of pregnancy and themedium-term follow-up
of infants.

We conclude our work with a summary (Fig. 2) in accordance
with the WHO ICD-10 definitions and international statistical
classification of diseases and related health problems, to serve
as a comprehensive guide for performing calculations on differ-
ent indicators, for a common language in future studies on preg-
nancy in chronic dialysis [48, 50–52].

CONCLUSION

Presumably, there is an increase in the frequency of pregnancy
among patients with end-stage chronic kidney disease treated
by chronic dialysis considering both the increase in the num-
ber of publications and the total number of pregnancies reported
in such publications. There were improvements in some mater-
nal and foetal outcomes attributed to progress in dialysis treat-
ment, adequate foetalmonitoring, and advances in obstetric and
neonatal care. However, our review demonstrates that the prac-
tice of treating pregnant women on dialysis differs significantly
between countries. These findings highlight the need to stan-
dardize the definition of outcomes and care for pregnant dialysis
patients. Larger studies on a population basis are required in or-
der to be able to estimate the incidence of pregnancy in dialysis
patients.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.
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